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Preliminary Studies on the Development of a Live
Oral Vaccine for Anti-Cholera Immunization

S. MUKERJEE, M.B., D.Ph.1

Since humoral anti-O antibodies play little part in protective immunity against cholera,
and the infecting organisms remain limited in the gut, effective prophylaxis will require
the production of active immunity in cells of the mucous membrane of the intestinal canal.
It has not been possible to achieve this objective satisfactorily by injections of killed cholera
cultures. In laboratory studies for a solution of the problem it has been shown that Vibrio
cholerae and V. El Tor strains possess identical somatic antigens. El Tor vibrio strains
isolated from surface water in an area free from cholera were found to be of low patho-
genicity while retaining full antigenicity. Administration of these strains to mice and rabbits
was shown to confer protection against subsequent challenge with both V. cholerae and
pathogenic V. El Tor strains. On the basis of the data presented a case has been made
for a viable vaccine preparedfrom a suitable non-pathogenic El Tor strain, for administra-
tion by the oral route. It may be expected that such a vaccine will establish an effective
immunity through protection of the local susceptible cells of the intestines as a result of
subclinical infection. The safety and protective value of the vaccine remain to be verified
in human volunteers before it can be chosen for field trials.

Live vaccines based on attenuated or related
micro-organisms have been used successfully for
immunization of human beings or animals against
a number of communicable diseases of viral and
bacterial origin where killed vaccines fail to induce
the desired immunity to infection by the natural
pathogenic agent.

In some infections, particularly those with toxae-
mic and bacteriaemic manifestations, the humoral
antibodies constitute the principal protective mech-
anism, whereas in viral infections and in infections
involving the tespiratory or intestinal tract the im-
mune mechanism is believed to be mainly cellular,
functioning directly in the local tissue. The impor-
tantrole of cellular immunity in localized infections
without bacteraemia may be inferred from the
protection conferred by viable attenuated vaccines
in tuberculosis and brucellosis, where killed vaccines
are, as a rule, of much less prophylactic value.
Direct evidence of the significance of localized cel-
lular mechanisms of immunity is furnished by the
observation that children with congenital agamma-
globulinaemia, lacking in the ability to synthesize
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specific antibodies, can be protected against tuber-
culous and smallpox infections by immunization with
live vaccines (Cruickshank, 1961), whose action in
such subjects could consist only in the production
of localized immunity.

Cholera is marked by the simplicity of its infective
process. The infection enters through the mouth and
remains limited in the gut of the patient. There is no
tendency of the infecting micro-organism to enter
the tissues or blood circulation. Even the intestinal
mucous membrane remains intact with only an
outpouring of copious amounts of fluid and electro-
lytes. The vast majority of patients are cured by
simple replacement of this loss with saline. A cholera
patient usually begins to recover within 24 to 48 hours
of the onset of symptoms, before there has been
sufficient time for humoral antibodies to develop.
Antibodies are formed in the blood of cholera
patients after recovery, and also in individuals
vaccinated with the existing killed vaccine prepara-
tions. The role of these antibodies in protecting the
host against infection by a virulent strain, however,
is not clear. The presence of vibriocidal or aggluti-
nating antibodies does not protect individuals
against cholera. In Manila and Calcutta, Finkel-
stein (personal communication) found the existence
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of vibriocidal and agglutinating antibodies in the
blood of a vast majority of cholera patients in the
early acute stage of the disease, as well as in normal
individuals without a history of cholera infection.
The present author (unpublished records) has also
found agglutinating antibodies in the blood of
cholera patients within a few hours of the mani-
festation of symptoms of the disease. When fol-
lowed up, these patients showed the same rates of
morbidity and mortality as patients in whom there
were no detectable antibodies in the blood at the time
of admission to hospital. Moreover, a person who
recovers from an attack of cholera can be immune
to further attack even in the absence of serum anti-
bodies (Pollitzer, 1959). All these observations
point to the conclusion that effective immunity
against cholera rests primarily in the cells of the
intestinal mucous membrane, and that serum anti-
bodies are relatively unimportant in determining
immunity status.

There is a marked post-infection immunity in
cholera. For ideal immunoprophylaxis it should
be the aim to reproduce the solid immunity of infec-
tion by vaccination. Cholera vaccine was first
introduced in 1884 (Ferran, 1885) and, with nume-
rous modifications, still continues to be used for
mass prophylaxis. Its real effectiveness nevertheless
remains to be assessed in adequately controlled,
double-blind, field trials. So far both favourable and
unfavourable results for the attack rates on inocu-
lated and uninoculated individuals have been re-
corded, although most of the recent observations
are distinctly in favour of vaccination. The rela-
tively low degree of protection and short duration
of immunity obtained by cholera inoculation,
and the comparable severity of the disease observed
in inoculated and uninoculated persons once they
develop the infection, make it clear, however,
that there is scope for improving the existing cholera
vaccines. Immunization with live attenuated vac-
cines has proved, in a number of instances, to be
most effective when the vaccine has been adminis-
tered by the route of entry, or into the tissue of
localization, of the infecting micro-organisms.
In paralytic poliomyelitis, for example, the vaccine
strains administered by the oral route became
established in the intestinal tract, giving rise to an
effective immunity to subsequent infection by a
virulent virus strain. A similar mechanism is brought
into action by oral immunization in tuberculosis
(Edsall, 1961) and brucellosis (Olitzki, 1960), by
cutaneous vaccination against smallpox and com-

bined aerosol spray vaccination against anthrax,
plague, brucellosis and tularaemia (Aleksandrov et al.,
1961). Russell (1928) reported that killed cholera
vaccine administered by mouth has proved to be
as effective as on subcutaneous administration.
Burrows, Elliott & Havens (1947) observed that a
live culture of V. cholerae administered intra-
intestinally in a guinea-pig altered its receptivity
to a second dose of viable vibrios. The guinea-pig
could resist a subsequent challenge of several times
the lethal dose of V. cholerae, and showed a sharp
reduction in the vibrio count in the stool soon after
administration. This alteration in response could
have been mediated by any one of a number of
factors namely, the formation of " copro anti-
bodies ", development of immunity against the toxic
cell fraction or its diffusible metabolic products,
or some change in the intestinal tissue (Raffel, 1953)
augmenting its *capacity to resist permeability
changes or inhibition of the " sodium-pump "

mechanism (Fuhrman & Fuhrman, 1960) induced
by cholera toxin. While the exact mechanism of
action calls forfurther study, Burrows et al. 's observa-
tion gives sufficient indication of the possibility of
obtaining more effective protection against cholera
through the use of live vaccines for producing a
high level of immunity in the intestinal tissues,
provided that a suitable strain of vibrio can be found
which is both fully immunogenic and stably non-
pathogenic to man.
The symptom-complex of cholera is produced

by two types of vibrios, V. cholerae and V. El Tor.
These two vibrios are indistinguishable, except
in respect of a few minor characteristics. The pro-
tective 0 antigens of the two vibrios are identical
both chemically (Misra & Shrivastava, 1960) and im-
munologically (Gardner & Venkatraman, 1935).
Vaccines prepared from killed cultures of V. cholerae
were therefore widely used in the recent outbreaks
of cholera (El Tor) in east Asia.

Besides the pathogenic type of El Tor vibrios
responsible for the cholera-like epidemics in the
Celebes islands since 1937, and in wide areas in
south-east and east Asia in recent years, El Tor
strains which do not give rise to any choleraic dis-
ease have for long been known to be present in the
natural waters of the Middle East and India. In
point of fact, isolation of the haemolytic, agglutina-
ting vibrios of the El Tor type was first achieved in
the El Tor quarantine station in the Sinai peninsula
at a time when this area was free from cholera
(Gotschlich, 1906). From the long history of the
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TABLE 1
ANALYSIS OF VIBRIO STRAINS USED

Total fYear of
Vibrio type number Strain No. Place of isolation Isolation

_of strains

Nepal 3, 9,14, 17
154
PR 1212
C27, BG 15
H 37, H 134, BG 15
Gun 3, 8, 12 and Kur. 17, 34, 41
NIH 41, 569B

1, 2, 3, 4, 5, 6 & 7

2

3
6, 7

Mak 11 &86
Bang 50 & 68
HK 30, 31, 37, 57, 58, 121 & 130
Indo 5, 6, 7, 8 & 9
Phil 4, 12, 24, 33 & 34
Macau 86
Dja 2 & 4
Bandung 10
Phil 24/62, 32/62, 34/62 & 44/62.

Nepal
Calcutta
Calcutta
Calcutta
Calcutta
Andhra State

Calcutta

Mecca pilgrim

El Tor quarantine camp
Egypt
Makassar
Bangkok
Hong Kong
Indonesia
Philippines
Macau
Djakarta
Bandung
Philippines

1958
1956
1960
1961
1962
1962

1958

1931

1930
1954

1959
1960
1961
1961
1961
1961
1961
1961
1962

a NCTC catalogue No. of strain No. 2 = 3661, 3 = 8457, 6 = 9422, and 7 = 9423.

existence of El Tor vibrios in the environment in
these areas without any association with choleraic
disease, it would appear that these strains are stably
non-pathogenic to human beings. In the present
study, attempts have been made to investigate the
possibility of developing a prophylactic live vaccine
of such apathogenic V. El Tor strains for peroral
use against cholera caused by V. El Tor or V.
cholerae.

METHODS AND MATERIALS

Vibrio strains
The 59 vibrio strains used in this series of experi-

ments were all smooth vibrios agglutinable with
cholera 0 serum and inagglutinable with a rough
O serum. All the V. cholerae strains had been
recently isolated from patients in India, except for
four which came from a cholera epidemic in Nepal
in 1958. V. El Tor strains were classified according
to their sources of origin. The " case" strains from
cholera (El Tor) patients in different geographical
areas were selected for this study. The apathogenic
strains of this series had been isolated either in a

Middle Eastern country or from water sources in an

area free from cholera (El Tor). They were classified
accordingly as the " Middle East" or "water"
strains. The V. El Tor (Middle East) strains had
been isolated in Egypt and the seven V. El Tor (water)
strains from surface water in Calcutta. All V. El Tor
(case) strains had been isolated in the cholera-(El
Tor)-infected areas in east Asia from either patients
or carriers. The V. El Tor (water) strains belonged to
the Ogawa serotype; V. cholerae strain No. H 37/62
and V. El Tor (case) No. Indo 5 and No. HK 130
belonged to the Inaba serotype; and the rest of the
strains were Ogawa. A list of the vibrio strains used
in the present study is given in Table 1. All strains
belonged to Heiberg group I in sugar fermentation.
V. El Tor strains used in this series were haemolytic
at the time of test and non-susceptible to group IV
cholera phage, while the V. cholerae strains were

non-haemolytic and lysable by group IV phage.
In this paper preliminary results are reported of

laboratory studies on the antigenicity, patho-
genicity and protective properties of the apparently
apathogenic V. El Tor (water) strains in relation to
the well-known choleragenic vibrios belonging
to V. cholerae and V. El Tor (case) types. One

V. cholerae

V. El Tor (water)

V. El Tor
(Middle East) a

V. El Tor (case)

19

7

4

27
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strain (No. 6) of the V. El Tor (water) series was
selected for use in all the experiments with a view
to its adoption as the basic strain in future work
for developing a live cholera vaccine.

Agglutination and agglutinin absorption test
Standard techniques with the modifications

described by Guha Roy & Mukerjee (1959) were
followed for these tests.

Agar-gel diffusion and intra-gel absorption tests
Diffusion of antigen and antibody in agar gel was

carried out according to the method of Feinberg
(1957) as adapted by Ghosh & Mukerjee (1960).

Heat-stable, water-soluble antigens of the vibrios
for these tests were prepared by heating vibrio
suspensions (120 x 109/ml) in normal saline in the
boiling-water bath for 2 hours. The supematant
was collected after centrifuging the suspension at
10 000 revolutions per minute (r.p.m.) for half an
hour. The lysates of living vibrios were prepared by
suspension of a 24-hour agar culture of vibrios in
distilled water at a concentration of 120 x 109
cells/ml. The suspension was shaken with glass beads
in a shaker for 18 hours and then centrifuged at
10 000 r.p.m. for half an hour. Both the supernatant
antigenic preparations were stored frozen at -15sC.
For absorption of precipitation bands of anti-O
serum in intra-gel tests, 50% v/v soluble antigen
was incorporated in the medium. The OH serum
was treated with boiled vibrio suspension in test-
tubes for absorbing the 0 antibodies. The absorbed
serum was then used in agar-gel diffusion to delineate
precipitation bands due to heat-labile antigens of the
distilled water lysates of vibrios.

Vibriocidal test

The vibriocidal test was carried out according to
the method described by Finkelstein (1962). Lyophil-
ized guinea-pig complement at 1/20 dilution in
normal saline was used for 10-fold dilutions of the
immune serum. To 0.5 ml of the different serum
dilutions in separate tubes were added 0.5 ml
quantities of a suspension (2000-4000 viable cells/ml)
of the vibrio strain under test in saline containing
0.1 % peptone. The reagents and tubes were main-
tained in an ice-bath during the above operation.
After addition of bacteria the tubes were incubated in
a water-bath at 37°C for 1 hour. They were then
removed from the bath and plated by a modification
of the drop technique of Miles, Misra & Irwin (1938).
The results were read after overnight incubation.

Control tubes with complement solution but no
immune serum were kept in all the experiments.
The effect of the complement alone on the culture
was noted by plating from the control tubes before
and after the 1-hour incubation period. There
should be no difference in counts of the colony-
forming viable bacteria in the control spots of a
smooth vibrio strain. The highest dilution of a
serum proving lethal to 50% or more of the bacteria
was taken as the titre of the serum. Carried out in
this manner, the test proved highly sensitive, the
vibriocidal titres of immune sera demonstrable
with this technique being much higher than their
titres for agglutinating antibodies. Vibriocidal anti-
bodies could be demonstrated in sera even in the
absence of agglutinins.

Pathogenicity test in intestinal loops
The test was carried out according to the method

described by De & Chatterjee (1953). Both rabbits
and guinea-pigs were used. In the rabbit usually
three loops of small intestines (8-10 cm) were tied at
intervals of not less than 10 cm, while in guinea-pigs
not more than two loops (5-7 cm) could be used. Any
one of the loops could serve as a positive or negative
control. The overnight growth of an agar tube was
washed in 5 ml of saline. It was then diluted 1/100
in saline ; 0.5 ml of it was used for injection in a
rabbit and 0.2 ml in a guinea-pig. The injections
of the vibrio cultures in saline were made slowly
through narrow-bore needles. If portions of the
intestine intervening between loops showed evidence
ofreaction or swelling, the experiment was considered
unsatisfactory and the result was not taken into
account.

Pathogenicity test in infant rabbits
The test was carried out according to the methods

of Dutta & Habbu (1955). Ten-day-old rabbits were
used. The V. El Tor (water) strain, No. 6, was used
for the pathogenicity tests. The vibrio culture in
broth was injected in the first part of the small
intestine under ether anaesthesia. Control tests
were performed with an animal-passaged V. cholerae
strain, No. 569B. For V. cholerae and V. El Tor
(case) strains, a 3-hour broth culture diluted in
broth to contain approximately 2.5 x 104 viable
cells in 0.2-ml quantities was injected slowly in the
proximal part of the small intestine through a nar-
row-bore needle. A much higher dose was used
in case of the V. El Tor (water); the 3-hour broth
culture containing approximately 2 x 108 viable
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cells was used in 0.2-ml quantity in each of the 10
rabbits. In three others a mixture of the same strength
of a broth culture with 5 % mucin suspension was

tried. Granular mucin manufactured by the Wilson
Laboratory (type 1701-W) was used. The remaining
three rabbits of this series received the same dose
(2.5 x 104) as was used for the " case " strains of
vibrios.

Protection against the gut-inflammatory reaction
For protection tests against gut-inflammatory

reaction rabbits were immunized intravenously
with graded doses of living cultures of vibrios.
After an interval of one week the infecting doses of
3-hour cultures of vibrio strains were injected
into the tied loops of intestines. The results were

read after 24 hours. In some rabbits immunization
was carried out with a single dose of 24-hour agar

culture suspended in saline administered orally
or by injection into the first part of the small intestine.
Growth harvested from half of, or an entire, Roux
bottle was used for one rabbit for oral or intra-
intestinal immunization.

Mouse protection test

Groups of mice (10-14 g) were immunized with
10-fold serial dilutions of heat-killed (60°C for half an
hour) vibrio suspensions by single intraperitoneal
injections. They were challenged one week later
with 50 MLD of mucinized suspensions of a young
broth culture of vibrio administered by the same

route. Deaths up to 72 hours after the infecting dose
were recorded. One V. El Tor (water) strain (No. 6)
and a V. cholerae strain (No. NIH 41) were used for
mouse immunization, and the same V. cholerae
strain and V. El Tor (case) strain No. HKI21 were

used to challenge each group of mice. The 50%
protective dose was calculated by the method of
Reed & Muench (1938). The MLD of the two vibrio
strains used for challenge were approximately a

thousand viable vibrios.

RESULTS

Antigenic structure

Many workers have reported the presence of
identical 0 antigens in V. cholerae and V. El Tor.
In the present study the antigenic structure of the
V. El Tor (water) strains was examined in comparison
with those of V. cholerae and V. El Tor (case) strains
in the following tests:

(1) Agglutination and agglutinin absorption tests.
Sera against the heat-stable somatic antigens were

prepared in rabbits with V. cholerae strain No. 154,
V. El Tor (case) strain No. Macau 86 and V. El Tor
(water) strain No. 6. Each of the sera was found to
agglutinate up to titre all the three vibrio strains.
It was also found possible to exhaust completely
the agglutinins of each serum by cross-absorption
with either of the heterologous vibrio strains.
This proved that within the limits demonstrable
by this technique, the El Tor (water) strain possessed
identical 0 antigens with the "case" strains of
vibrios.

(2) Vibriocidal test. The serum prepared in rabbits
by injections of living culture of V. El Tor (water 6)
was tested for its vibriocidal activity against the
case strains of vibrios. The results are given in
Table 2.
The V. El Tor (case) strains were isolated in the

recent cholera (El Tor) epidemics in Philippines,
Hong Kong, Bangkok and Indonesia and belonged
to the Ogawa serotype. The V. cholerae strains
consisted of old laboratory collections and new
isolates, which were isolated in different epidemics.
The serum prepared by injection of living cultures
of the V. El Tor (water) strain proved to be com-
pletely lethal for all V. El Tor and V. cholerae
strains of Ogawa type in dilution up to 10-6. For
V. cholerae Inaba strains the vibriocidal titre was
also of the order of 10-6 serum dilution.

Cross-reactions with vibriocidal antibodies be-
tween V. cholerae and V. El Tor strains have been
observed by Finkelstein (1962) in sera of cholera
patients as well as in persons immunized with cholera
vaccines. It is evident from the results of the present
study that the V. El Tor (water) strain is capable of
producing a high titre of vibriocidal antibodies

TABLE 2
VIBRIOCIDAL TITRE OF THE ANTISERUM

OF V. EL TOR (WATER) STRAIN

Number of vibrio
Total number strains surviving

Type of test vibrio of strains in serum

in each type
10-5 10-6 10-7

V. El Tor (water) 4 0 0 4

V. El Tor (Middle East) 1 0 0 1

V. El Tor (case) 17 0 0 17

V. cholerae (Ogawa) 14 0 0 14

V. cholerae (Inaba) 2 0 2 2
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against V. El Tor (case) and V. cholerae strains of
both Ogawa and Inaba serotypes. The cross-
activity with Inaba strains was due presumably
to the common (A) antigen present in both types.

(3) Gel-diffusion tests. Analysis of the heat-
stable somatic antigens of strains of V. cholerae,
V. El Tor (case) and V. El Tor (water) by agar-gel
diffusion technique revealed that the precipitin
bands due to the specific polysaccharide antigens
of the three types of strains were identical (see Fig.
1, 2, 4, 5). Minor differences between the types of
vibrios in precipitin band formation near the central
antiserum well were observed (see Fig. 4). Similar
differences could also be noted between strains of
vibrios belonging to the same type (see Fig. 5).
These bands were possibly due to the heat-stable
somatic protein antigens which are of little immuno-
genic value. Fig. 5 shows the results of precipitation
using OH sera prepared by injections of living
vibrios and heat-stable antigens in the form of boiled
extracts of vibrio strains in normal saline.

All the precipitation lines given by the heat-stable
antigenic preparations from the different strains
against the three antisera could be eliminated by
intra-gel absorption with the saline extract of any
one of the vibrio strains. This showed that the
make-up of the heat-stable somatic antigens of the
three types of vibrio were similar, within the limits
of sensitivity of the test. The specific lipo-poly-
saccharide band due to the type-specific " C "
fraction of the Inaba vibrios remained unabsorbed
by such treatment (see Fig. 3) with saline extract
of any of the Ogawa strains.
The antigenic structure of the heat-labile fractions

of the three types of vibrio strains was examined with
H antisera prepared by absorbing the OH sera with
boiled suspensions of the homologous vibrios
(see Fig. 6). Some of the precipitin bands were
common to all three types, while others were formed
by only some of the strains. Although no protective
value is attributed to the heat-labile antigens of
vibrios, the precise significance of these variations
is being studied further.

Pathogenicity tests

Comparative pathogenicity of the vibrios was
tested in laboratory animals in the following tests:

(1) Gut-inflammatory reaction in rabbits. The
results of pathogenicity tests of vibrio strains on the
ligated intestinal loops of adult rabbits are given
in Table 3.

GUT-INFLAMMATORY
TABLE 3
REACTION IN NORMAL ADULT
RABBITS

Number Number
Vibrio type of vibrlo Number of tests
Vibriotype strains of tests showing

tested positive
reactions

V. cholerae 3 3 3

V. El Tor (case) 3 3 3

V. El Tor (Middle East) 4 10 3

V. El Tor (waler) 7 12 2

l__

It may be seen from the table that all V. cholerae
and V. El Tor (case) strains gave rise to inflammatory
reactions in each of the intestinal loops of rabbits
tested. On the other hand 6 out of 7 V. El Tor
(water) strains failed to produce any noticeable reac-
tion. The seventh strain gave rise to slight inflamma-
tory reaction in one, and a reaction of moderate
degree in another, rabbit. Of the 4 V. El Tor (Middle
East) strains, 3 gave negative results in 6 tests.
One strain tested 4 times showed slight reaction in
3 tests. Thus a parallelism was found to exist be-
tween the history of absence of pathogenicity for
man and the relative avirulence of these vibrios
in the intestinal loops of rabbits.

(2) Gut-inflammatory reaction in guinea-pig. Forty-
six loop tests in guinea-pigs were carried out in this
series. The results are given in Table 4.
The pathogenicity of V. El Tor (water) was found

to be significantly lower than that of V. cholerae and
V. El Tor (case) strains when tested in the ligated
intestinal loops of guinea-pigs.
The total number of vibrio strains tested in each

group was comparatively small. It is possible that
some variation in results according to strain may
be found by using larger numbers of strains.

(3) Pathogenicity for infant rabbits. The typical
reaction of profuse diarrhoea and extreme dehydra-
tion described by Dutta & Habbu (1955) could
not be found in any of the 30 infant rabbits tested,
even when the " animal-passaged" strain No.
569B of V. cholerae, obtained from the Haffkine
Institute, Bombay, was used for intra-intestinal
administration. Positive reaction was therefore
judged by the evidence of a typical distension of the
large intestine with fluid. This variation in response
in baby rabbits from those reported by Dutta &
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FIG. 1
PRECIPITIN BANDS DUE TO HEAT-STABLE
AND HEAT-LABILE ANTIGENS OF THREE VIBRIOS

Central wells contained OH antisera against:
V. El Tor (case) Macau 86-(A); V. El Tor (water 5)-(B);
V. cholerae C27-(C).
Peripheral wells contained distilled water lysates of:

V. El Tor (case) Macau 86-I); V. El Tor (water 5)-(2);
V. cholerae C27-(3).

FIG. 2
PRECIPITIN BANDS DUE TO HEAT-STABLE ANTIGENS WITH
A CHOLERA SERUM

Central well contained V. cholerae (C27) OH antiserum.
Peripheral wells contained boiled extract in normal saline of the

following strains: Well No.: (1) V. El Tor (water 5); (2) V. El Tor (case)
Macau 86; (3) V. cholerae C27; (4) V. El Tor (case) HK 58; (5) V. El Tor
(water 6); (6) V. cholerae H 134.

FIG. 3
INABA SPECIFIC BANDS REVEALED AFTER INTRA-GEL
SPECIFIC ABSORPTION WITH 50% (V/V) DISTILLED WATER
LYSATE OF V. EL TOR (CASE) PHIL 34/62 (OGAWA) IN THE MEDIA

Central well contained V. El Tor (case) HK 130 (Inaba) OH antiserum.
Peripheral wells contained distilled water lysates of the following

strains: Well No.: (1) V. El Tor (case) Phil 34/62 (Ogawa); (2) V. El Tor
(case) HK 130 (Inaba); (3) V. El Tor (case) Bandung 10/61 (Ogawa);
(4) V. cholerae C27 (Ogawa); (5) V. El Tor (case) Indo 5/61 (Inaba);
(6) V. El Tor (case) Macau 86 (Ogawa).
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FIG. 4
PRECIPITIN BANDS DUE TO HEAT-STABLE ANTIGENS WITH
V. EL TOR (WATER) SERUM

Central well contained V. El Tor (water 6) OH antiserum.
Peripheral wells contained boiled extract in normal saline of the

following strains: Well No.: (1) V. El Tor (water 5); (2) V. El Tor (case)
Macau 86; (3) V. cholerae C27; (4) V. El Tor (case) HK 58; (5) V. El Tor
(water 6); (6) V. cholerae H 134.

FIG. 5
..

PRECIPITIN BANDS DUE TO HEAT-STABLE
ANTIGENS WITH SERA OF THREE V. EL TOR (CASE)
STRAINS

Central wells contained OH antisera against V. El
Tor (case) Macau 86-(D); V. El Tor (case) Phil 34/62-(E);
V. El Tor (case) HK 58-(F).
Peripheral wells contained boiled extract in normal

saline of V. El Tor (case) Macau 86-(1); V. El Tor (case)
Phil 34/62-(2), V. El Tor (case) HK 58-(3).

FIG. 6
PRECIPITIN BANDS DUE TO HEAT-LABILE COMPONENTS
OF VIBRIOS WITH V. EL TOR (WATER) H SERUM

Central well contained V. El Tor (water 6) H antiserum.
Peripheral wells contained distilled water lysates of the following

strains: Well No.: (1) V. El Tor (water 5); (2) V. El Tor (case) Macau 86;
(3) V. cholerae C27; (4) V. El Tor (water 6); (5) V. El Tor (case) HK 58;
(6) V. El Tor (case) Phil 34/62.
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TABLE 4
GUT-INFLAMMATORY REACTION IN GUINEA-PIGS BY V. EL TOR STRAINS

Origin of V. EL Tor Area Number of strains Number of tests showing positive
strain of isolation tested rato

Case Philippines 10 17 12

Case and contact Hong Kong 10 11 8

Water Calcutta 7 18 5

TABLE 5
PATHOGENICITY FOR INFANT RABBITS

Number of No. of tests
Type of vibrio Strain No. Number of tests viable vibrios showing

injected positive reaction

V. cholerae PR 1212 3 2.5 x 104 3

V. cholerae
(animal-passaged) 569B 4 2.5 x 104 4

V. El Tor (case) Phil 32 3 2.5 x 10' 3

V. El Tor (water) 6 16 2.5 x 10' 2
-2 x 10&

V. El Tor
(Middle East) 2, 3, 6 & 7 4 2.5 x 10' 0

Habbu (1955) might possibly have been due to
variations in the types of rabbits used in the present
experiments, and this may also have been the reason
for which Dr S. N. De (personal communication)
failed to obtain positive results in the infant rabbit
test with V. cholerae strains.

It may be seen from Table 5 that, out of 16 tests
with V. El Tor (water 6), only two rabbits showed
positive reactions, while all V. cholerae and V. El Tor
(case) strains invariably gave positive reactions.
The " unpassaged " strains of the last two types were
equally as effective as the " passaged" strain of
V. cholerae. None of the 3 infant rabbits receiving
mucinized suspensions of a comparatively high dose
(of the order of 108 viable cells) of V. El Tor (water
6) developed swelling of the large gut. Cholera-
genicity of the V. El Tor (water) strain for infant
rabbits was thus less marked than that of " case "
strains of vibrios. V. El Tor (Middle East) strains
showed a negative reaction in all four tests.
Water El Tor strains No. 2 and 6 were sent to

Dr R. A. Finkelstein 1 for the pathogenicity test
Finkelstein reported that these strains had been
found to exhibit the extremely high virulence for
13-day-old chick embryos that is characteristic
of El Tor strains. On intra-intestinal inoculations
of 2 x 100 viable organisms of each of these strains
in two rabbits, no diarrhoea or other symptoms were
observed. The rabbits were killed after two days
and their intestinal contents were cultured. Vibrios
could not be recovered from the intestines of rabbits
inoculated with the strain water 2, and only one
or two colonies of water 6 could be recovered.
The rabbit-passed strain of water 6 was tested again
in three rabbits. No symptomatology was produced,
although one was found dead on the second day.
From these results it seemed reasonable to conclude
that these strains were not choleragenic in the infant
rabbit. Part of this, Finkelstein thought, might be

I Chief, Bioassay Section, Walter Reed Army Institute
of Research, Washington, D.C., USA.
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TABLE 6
GUT-INFLAMMATORY REACTION IN IMMUNIZED RABBITS

Number showing reaction and degree
Immunizing Route of Number of reaction with different vibrios a

vibrio immunization of rabbits V. El Tor V. El Tor
V.chlerae

(case) (water)

V. cholerae Intravenous 6 5- 5- 6-
1+ 1+

V. El Tor (case) Intravenous 3 2- 3- 3-
1+

V. El Tor (water) Intravenous 6 4- 5- 6-
1+ 1+

V. El Tor (water) By mouth 2 1+ 1+ 2-
1+++ 1++

V. El Tor (water) Intra-intestinal 5 4- 2- 5-
1+ 2+

a ++ = strongly positive, ++ =moderately positive, + = weakly positive. - =neaative.

attributed to their failure to become established in the
gut, although a deficiency in choleragenicity per se
might also be concluded.

Cross-protection test

The ability of the V. El Tor (water) strain to
protect rabbits against the gut-inflammatory reaction
and mice against lethality caused by V. cholerae and
V. El Tor (case) strains was tested.

(1) Prevention of the gut-inflammatory reaction.
The immunized rabbits were challenged by injecting
a strain each of V. El Tor (case), V. cholerae and
V. El Tor (water) separately in three different loops
of the ligated intestine. The results are given in
Table 6. In 4 of the 6 V. El Tor (water) immunized
rabbits the usual inflammatory reaction due to
V. cholerae was totally prevented; in the 5th rabbit
the reaction was very mild; the 6th showed moderate
reaction. Complete protection was obtained in
5 of the 6 rabbits receiving injections of V. El Tor
(case) in the intestinal loop. The results are signifi-
cant considering the high susceptibility of rabbits
to reaction due to infection of isolated intestinal
loops by V. cholerae and V. El Tor (case) strains.
The protection obtained by immunization with
V. El Tor (water) strain was comparable with what
was obtainable after immunization with V. cholerae
and V. El Tor (case) strains. Administration of

V. El Tor (water) by mouth had no protective effect
on the rabbits' gut, but when injected into the
intestines its protective value was evident.

Laboratory animals show wide individual varia-
tions in their response to immunizing agents as well
as in susceptibility to infecting micro-organisms.
However, the results reported here indicate that
immunization with a V. El Tor (water) strain by the
intravenous or intra-intestinal routes protects rabbits
against the gut-inflammatory action of the " case "
strains. The failure to obtain the same degree of
protection by oral immunization might have been
due to the effects of the prolonged digestive process
in the stomach of the rabbit; in rabbits the stomach
is not emptied even after the 24 hours following
a meal, and no attempt was made to wash out the
stomach of the rabbits or to neutralize the acidity
before administration of the vaccine.

(2) Mouse protection test. The 50% protective
doses of the vibrio strains were calculated in relation
to a strength of the vibrio suspension equivalent to
that of the usual cholera vaccine, 8 x 109/ml.
In one set of experiments of this series the PD5I)
of V. El Tor (water 6) strain was 0.000197 ml against
V. cholerae challenge, -and 0.0000425 ml against
V. El Tor (case) challenge. The PD50 of V. cholerae
strain NIH 41 against both the above challenges
were 0.00000975 ml and 0.0000775 ml respectively.
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The V. El Tor (water) vaccine was thus found to
be almost equally protective against V. cholerae and
V. El Tor (case) strains. Protection obtained by
vaccines prepared from V. El Tor (water) and V.
cholerae strains were approximately of the same
order, although in a single experiment the NIH 41
strain proved to be slightly better than the water
strain against NIH 41 infection. In repeated experi-
ments the results of the mouse protection test are
known to vary widely, and the relation of mouse
protection activity of vaccines to their efficacy
in human infection is problematical at the present
time. The intraperitoneal infection with a heavy
dose of mucinized vibrio culture bears little resem-
blance to human cholera. It must be emphasized,
therefore, that the protective values of heat-killed
cultures of the two vibrio strains may not be com-
parable with the degrees of protection that may be
obtainable against human cholera with live vaccines
of the same strains, particularly if these are adminis-
tered orally. Further, the mouse protection test is
essentially a measure of the antigenic components
stimulating humoral antibody production, and may
not necessarily reflect the ability of a vaccine to
stimulate immunity of the intestinal tissues. Never-
theless, since other dependable laboratory tests are
not available for assessing the protective value
of a cholera vaccine for humans, the results of mouse
protection tests, adequately controlled and repeated
several times, may have to be utilized as one of the
series of tests necessary for selecting the best
available vaccine strains. It is of interest in this
connexion that Pittmann & Feeley (1963) found
that vaccines prepared from V. cholerae strains
protected equally well against V. El Tor and V.
cholerae infections. (Vella (1963) has also made
similar observations.) Watanabe & Verwey (1962)
reported that equal protection was obtained against
both vibrios in mice immunized with a polysac-
charide antigen of an Ogawa strain of V. cholerae.

DISCUSSION

The pathogenic V. El Tor strains isolated from
cholera (El Tor) patients, and the non-pathogenic or
mildly pathogenic strains of V. El Tor which occur
in the Middle Eastern countries, as well as in water
sources in India, are indistinguishable by known
laboratory tests. De Moor (1949) believed that the
Middle East and Indian strains are true El Tor
vibrios. He thought that the reason why El Tor
disease had not been encountered during Mecca

pilgrimages and in countries around the Red Sea
and in Bengal and Madras, in spite of the presence
of El Tor vibrios in healthy carriers and in the
surface water in those areas, was the infrequent
pathogenicity of these vibrios and the static char-
acter, sporadic occurrence and low morbidity of
El Tor infections. But the recent outbreaks of
cholera (El Tor) in a wide area of eastern Asia
indicate that their causal vibrios are highly patho-
genic and, under favourable circumstances, capable
of being transported across great distances and
giving rise to infections with high rates of morbidity
and mortality. The four successive El Tor out-
breaks between 1937 and 1958 in Indonesia (Tana-
mal, 1959) were limited almost exclusively to the
South Celebes. But since 1961 the infection has
spread in most parts of the Indonesian archipelago
and has also involved territories in South China,
Hong Kong, Macau, Philippines, Taipei and New
Guinea, probably as the result of an increased
maritime movement of populations in recent years
in this area (Felsenfeld, 1963). In 1963 the disease
has spread westwards in outbreaks in Malaya,
Thailand and Burma. On the other hand, countries
of the Near and Middle East remained free of
cholera (El Tor), although El Tor vibrios were still
present in the environmental sources in these areas.
From their natural history it is evident that the
V. El Tor strains found in the latter places are
essentially non-pathogenic. Perhaps some of the
El Tor vibrios present in water sources and healthy
carriers in cholera-(El Tor)-infected countries in the
Far East are also non-pathogenic. It is possible
that such vibrio strains, being present in wells and
other drinking-water sources, give rise to group
immunity in the population by causing subclinical
infections. This may partly account for the sporadic
nature and low rate of morbidity of the El Tor
disease in this area, which are features typical of an
infectious disease involving only those individuals
in an immune population who have not acquired
fully effective immunity. When, however, the
virulent infection spreads to a non-immune popula-
tion it affects larger groups of people, and the
morbidity and mortality rates are high.

V. El Tor belongs to 0 group I of Gardner &
Venkatraman (1935), and is known to have the
same antigenic structure as V. cholerae. In the
present series of experiments it has been shown
that the heat-stable specific somatic antigens of
V. cholerae and V. El Tor (case and water types)
are identical in agglutination and agglutinin-
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absorption tests. In gel-precipitation and intra-gel-
absorption tests, also, the bands due to the specific
polysaccharide antigens of the two vibrios appear
identical, although there are minor differences in
the band formation due to the heat-stable somatic
proteins. In intra-gel-absorption tests, however,
all bands due to heat-stable antigens of any one of
the vibrio strains-namely, V. cholerae, V. El Tor
(case) and V. El Tor (water)-could be completely
absorbed by the heterologous vibrios, which indicates
that the heat-stable antigens of all these vibrios are
either identical or closely related. Misra &
Shrivastava (1960) examined the monosaccharide
components of the polysaccharide 0 antigens of
V. cholerae and V. El Tor and found them to be
similar in both types of strains.

Vibriocidal antibodies formed after infection in
cholera patients (classic or El Tor) and those pro-
duced by artificial immunization have been found to
be identical in their ability to kill both V. cholerae and
V. El Tor cultures (Finkelstein, 1962). Serum raised
in rabbits by injection of an El Tor (water) Ogawa
strain was found to have equal vibriocidal potency
against all these vibrio strains belonging to the
Ogawa serotype, and a similar order of potency
against the Inaba serotypes of V. cholerae; V. El Tor
(water) strains of the Inaba serotype were not
available for test.

In 4 of the 6 rabbits immunized by intravenous
injections of the V. El Tor (water) strain, the gut-
inflammation reaction was absent in the intestinal
loops; on subsequent injection, V. cholerae and
V. El Tor (case) strains failed to produce any reaction
in 5 of them, which is an evidence of the cross-
protection between the V. El Tor (water) strain and
" case " strains of V. El Tor and V. cholerae. Similar
protection was also evident in rabbits immunized
with V. El Tor (water) strains introduced intra-
intestinally, 4 out of 5 immunized rabbits being found
to give a negative loop reaction to V. cholerae and
2 of them to V. El Tor (case) strains.

Strains of V. El Tor (water) were found to be less
pathogenic than strains of V. cholerae and V. El Tor
(case) in the infant rabbits test, when 6 out of the 7
strains tested showed absence of pathogenicity in the
intestinal loop test with adult rabbits. The V. El Tor
(water 6) none the less possessed some pathogenicity,
as was evident in loop tests in guinea-pigs, and
choleragenicity in 2 out of 16 infant rabbits, and
also in virulence tests in chick embryos by Finkel-
stein. However, some degree of virulence represent-
ing "the residual virulence" of an attenuated strain

(Emel'janova, 1957) may be considered an essential
requirement of a vaccine strain. A mild reaction
of infection is necessary for stimulation of the
immunologically competent cells for the develop-
ment of protective immunity in the host. A totally
inert vaccine administered by the oral route is likely
to be eliminated without stimulating any immunity
response in the host. This strain, V. El Tor (water 6)
with low gut-inflammatory property and full anti-
genicity may therefore be considered suitable for
further studies for the development of a live vac-
cine.

It has been stated in the introductory paragraphs
that the best method of immunoprophylaxis in chole-
ra would appear to be by immunization with a live
vibrio culture administered by the oral route. For
prophylaxis against classic cholera, V. cholerae
strains should be ideal. Although V. cholerae strains
may be attenuated in laboratory cultures, however,
there is always the chance of reversion to virulence
in the human intestine, and the consequent precipita-
tion of cholera in persons being thus enterally
immunized. The same possibilities are also present
in the case of pathogenic V. El Tor (case) strains.
The best choice for a vaccine strain therefore appears
to be the non-pathogenic V. El Tor isolated from an
area where El Tor cholera is unknown. The V. El Tor
(water 6) is one such strain. Studies in the present
series have proved that it has an apathogenic history
and is composed of smooth specific somatic antigens,
completely identical with those of V. cholerae and
V. El Tor (case) strains. Its pathogenicity is low, as
judged by the gut-inflammatory reaction in guinea-
pigs and rabbits. It is fully immunogenic, laboratory
animals immunized with it being protected against
challenge by the pathogenic " case " strains of V. chole-
rae and V. El Tor. One can therefore reasonably
expect a very high degree of effective immunity against
cholera due to both V. cholerae and V. El Tor from
a live oral vaccine of this or similar strains. How-
ever, its safety and protective value have to be
verified in human volunteers before its use can be
extended in field trials. If possible, immunized
volunteers may be challenged by oral administration
of live cultures of virulent strains. In the present
state of development of cholera therapy, such trials
need not involve ethical problems; in the event of an
accidental development of clinical cholera in a
volunteer, it can be promptly and effectively dealt
with in a well-equipped hospital. It has been
reported that all cases of cholera can be cured in
otherwise healthy individuals, provided they come
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to a well-equipped hospital for treatment within three
hours of the onset of symptoms.
A new field of cholera vaccine study is thus open,

but much further research is needed in the laboratory

and in the field. The active co-operation of inter-
ested workers and collaborative studies should be
welcome for the development and application of the
vaccine.
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RESUMIE

L'auteur expose les resultats pr6liminaires d'etudes de
laboratoire sur l'antigenicite, la pathogenicite et les
proprietes immunisantes d'une souche de Vibrio El Tor,
apparemment non' pathogene, isolee de 1'eau dans
une region exempte de cholera, et qui a suscite une
immunite protectrice chez la souris et le lapin contre
V. cholerae et V. El Tor. Des etudes doivent etre pour-
suivies, en vue de son eventuelle adoption comme souche
de base d'un vaccin anticholerique vivant.
La prophylaxie anticholerique exige que soit cree

une immunite dans la muqueuse intestinale. Ce but
n'a pu etre atteint par l'injection de cultures tuees,
ainsi que l'ont abondamment prouve les experiences des
75 dernires annees. Au contraire, un vaccin vivant,

prepare a partir d'une souche relativement peu pathogene,
mais pleinement antigenique, produit une infection sub-
clinique et une immunite efficace, protegeant les cellules
sensibles de l'intestin contre l'infection par des vibrions
virulents.

Les vibrions cholerae et El Tor possedent les memes
antigenes somatiques. L'immunite conferee par l'un ou
I'autre type de vibrions protege, on le sait, les animaux
de laboratoire de l'infection par I'autre type. I1 y a
donc des raisons serieuses pour que l'on songe a utiliser
dans un vaccin vivant, une souche telle que celle que
decrit I'auteur, afin de creer une immunite g6nerale,
contre les souches homologues et les souches hetero-
logues.
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