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Three field trial cholera vaccines did not induce antitoxic immunity. A cholera-
genic toxin induced high-serum neutralizing antibody, but protection to loop chal-
lenge with toxin was minimal.

The three cholera vaccine field trials carried
out in East Pakistan since 1963 have tested two
different whole cell vaccines containing both
Ogawa and Inaba organisms, and a purified
Ogawa lipopolysaccharide (1, 8, 9). These
vaccines were protective for several months and
the efficacy could be related to the mouse potency
and the vibriocidal antibody titers induced in the
recipients (10). Although the method of vaccine
manufacture was not favorable for toxin produc-
tion, it was of interest to examine these field trial
vaccines to see if they induced antitoxic anti-
bodies or protected animals from toxin challenge
since recent studies suggest antitoxic immunity
may be significant in cholera (4, 6).
A culture filtrate containing choleragenic

activity (designated toxin A4) was prepared
from Vibrio cholera strain 569B, grown for 18 hr
in a shaking water bath at 30 C. The medium was
2% peptone broth (Difco) with 1% sodium
chloride initially adjusted to pH 7.5. This filtrate
was titered for ileal loop toxin activity by the
procedure of Burrows and Musteikis (3). Based
on these titrations, a challenge dose of 0.005 ml
was used in this study. In 109 animals, this dose
gave a mean loop fluid output of 1.7 ml per cm.
Four groups of four rabbits each were im-

munized with weekly intravenous injections for
4 weeks. Group 1 received vaccine B, the 1963
cholera vaccine (10), also designated vaccine R or
vaccine CRL in the 1964 trial (2); group 2 re-
ceived vaccine X, the 1966 trial vaccine (8); group
3 received vaccine T, the 1964 trial purified Ogawa
lipopolysaccharide (2); and group 4 received
Toxin A4. A 0.5-ml amount of each preparation
(125g ju of vaccine T) was administered in each
injection. One rabbit in group 3 and two in group
4 died during immunization. One week after the

last injection, animals were bled, and 7 to 10 days
later ileal loops were challenged with graded doses
ofToxin A4 by the method of Finkelstein (6). The
sera were titered for ileal loop toxin neutralizing
antibodies by the method of Kasai and Burrows
(7). The procedure was modified in that the end-
point was defined as the highest dilution of serum
giving complete neutralization of the 0.005-ml
toxin challenge. Vibriocidal titers were deter-
mined according to the microtechnique (1).
The results in Table 1 indicate that the three

cholera vaccines did not induce detectable toxin-
neutralizing antibodies; however, a good response
was seen in the animals receiving Toxin A4. All
vaccines induced vibriocidal antibody titers. The
animals immunized with the cholera vaccines did
not show significant protection against a toxin
challenge into the ileal loops (Table 2). The
animals immunized with Toxin A4 were pro-
tected against the minimal toxin dose (0.005 ml),
but when this dose was increased four times the
loops were positive. Based on the serum anti-
toxin titers of the animals receiving Toxin A4,
less than 0.03 ml of sera would be required to
neutralize 0.02 ml of Toxin A4. The failure of the
immunized animal to be protected against this
challenge dose suggests that, for the most part,
the intravascular antibody was not available for
toxin neutralization.
The in vivo neutralization of toxin was further

studied in ileal loops of unimmunized rabbits by
injecting the loops sequentially with 0.01 ml of
Toxin A4 and a 30-fold excess of antitoxin.
When antitoxin was introduced into the loop
first and toxin was added 3 to 5 min later, the
toxin was completely neutralized. By contrast,
when toxin was introduced into the loop first
and an excess of antitoxin was added after 5 min,
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TABLE 1. Serological responses of rabbits 7 days following immunization with 4 weekly intravenous
injections of cholera vaccines or toxin A4

Vibriocidal Titerab
Toxin neutralizing titera

(Reciprocal)

Rabbit no. Immunization Ogawa Inaba

Preimmunx-Postmmuniz- Preim- Postim- Preim- Poatim-
aretion ahtioni| muniz- muniza- muniz- munuzation tion ation ation

1 Vaccine B 5 5 <10 5,120 <10 5,120
2 <5 <5 <10 5,120 <10 5,120
3 5 <5 <10 1,280 <10 2,560
4 <5 <5 <10 5,120 <10 >20,480
5 Vaccine X <5 <5 <10 640 <10 1,280
6 <5 <5 <10 1,280 <10 1,280
7 <5 <5 <10 1,280 <10 1,280
8 <5 <5 <10 10,240 <10 5,120
9 Vaccine T <5 <5 40 1,280 160 160
10 <5 <5 <10 1,280 <10 640
11 <5 <5 <10 1,280 <10 <10
12 Toxin A4 5 316 320 160 320 320
13 <5 316 <10 20,480 <10 >20,480

a Highest dilution of sera (in a
Reciprocal titer.

b Reciprocal titers.

2-ml volume) that can completely neutralize 0.005 ml of Toxin A4.

TABLE 2. Fluid response to ileal loop challenge of
immunized rabbits with graded doses of

toxin A4

Challengea

Rabbit Immunization Toxin A4
no.__

Bufferb
0.005 0.02 0.10
Mlb Mlb Mlb

1 Vaccine B 0 1.3 1.6 1.3
2 Vaccine B 0 1.2 1.6 1.8
3 Vaccine B 0 0.7 1.9 N.T.c
4 Vaccine B _ d - c -c c
5 Vaccine X 0 1.8 2.2 _
6 Vaccine X 0 0.6 1.3 1.6
7 Vaccine X 0 1.8 1.7 N.T.
8 Vaccine X 0 1.6 2.1 N.T.
9 Vaccine T 0 1.7 3.2 3.1
10 Vaccine T 0 1.1 1.4 1.6
11 Vaccine T 0 1.7 2.2 N.T.
12 Toxin A4 0 0 2.5 2.3
13 Toxin A4 0 0 2.0 2.9

v Challenge dose given in a total volume of 2 ml.
b Ratio of volume of fluid in loop to length of

loop (ml/cm).
¢ N.T., not tested.
d Fluid in all loops; animal died many hours

before autopsy.
e Distended loop burst.

there was no neutralization. These results indi-
cate that the choleragenic toxin is rapidly bound
or absorbed to the active site, probably the
intestinal epithelial cell, and that after binding

or absorption, a high level of antitoxin in the
intestinal lumen, or intravascularly in the case of
actively immunized animals, will have no effect
on the subsequent fluid production. The observa-
tions in the adult rabbit ileal loop model, suggest-
ing that effective neutralization of toxin in vivo
must occur in the intestinal lumen before the
toxin reaches its active site, parallel the findings
of Finkelstein in the infant rabbit model (5).
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