
CHOLERA

Antibody response in the intestinal secretions of
volunteers immunized with various cholera vaccines*
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The efficacy of various cholera vaccines in eliciting an intestinal antibody response was
assessed in human volunteers who received oral live, oral killed, or parenteral cholera
vaccines, or placebo. The intestinal immune response in terms ofantibacterial and antitoxin
antibodies was determined 2 and 4 weeks after immunization. By means of the mouse
peritoneum opsonization assay and the infant mouse protection test, antibacterial activity
could be detected in the intestinal secretions of volunteers who had been immunized either
orally or by the parenteral route. Significant protective activity and duration of immunity
were observed with the oral killed vaccine. The bacteriological data indicated the absence of
significant intestinal colonization of the live attenuated strain after oral administration, and
probably explains the observed lack of effectiveness of the oral vaccine compared with that
of the killed vaccine. The predominant immunoglobulin class of intestinal antibody was
found to be IgA. None of the vaccines used in the study elicited significant antitoxin activity
in the intestinal secretions, as determined by the skin permeability neutralization test.

Cholera is an infection in which pathogenic organ-
isms multiply in the lumen of the small bowel
without overtly damaging the intestinal epithelium
or producing an invasive infection (15, 21, 24). The
disease is mediated by toxic substances, elaborated
by Vibrio cholerae in the intestine, which act upon
the mucosal cells of the gut, causing them to secrete
large quantities of isotonic fluids (6, 10, 33). Effective
immunity to cholera may result from either or both
of the following mechanisms: (a) antibacterial im-
munity, which may inhibit colonization of the
bowel; and (b) antitoxic immunity, which may block
the effects of toxin produced by multiplying vibrios
in the gut (8, 14).

Because of the local nature of cholera infection, it
is logical to assume that protection against this
infection would be mostly, if not entirely, mediated
by local intestinal immunity. Various workers dem-
onstrated this in different animal models, starting
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with the classic experiments by Burrows and his
group in the early forties (4, 5). Recent studies with
the infant mouse model suggest that small-intestinal
antibody protects against the disease after oral chal-
lenge (40). The major question is how best to
stimulate this antibody-i.e., to determine which
vaccine administered by which route will prove to be
the most efficacious.
Our present study was undertaken to evaluate the

production of intestinal antibacterial and antitoxin
antibodies in human volunteers who had been im-
munized with various cholera vaccines administered
by different routes.

MATERIALS AND METHODS

Volunteers a

The study population consisted of 125 male volun-
teers aged 21-40 years, all of whom lived in Cal-
cutta-an area where cholera is endemic. None of

a The arrangements regarding volunteers were as follows:
the then Minister of Health, Government of West Bengal,
was informed about the proposed study and the necessary
consent was obtained. Arrangements were made through
*the Division of Welfare, Department of Health, Government
of West Bengal, to approach the Superintendant, Vagrant
Home, Government of West Bengal. With his consent,
volunteers were allowed to participate in this study. The
nature of the study was fully explained to the volunteers,
and their written informed consent was obtained.
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these volunteers had had cholera during the
6 months preceding the study, and all had had a
stool culture negative for V. cholerae before their
inclusion in the study. They were admitted to the
Infectious Diseases Hospital, Calcutta, f6r the col-
lection of specimens and administration of the vac-
cines.

Specimens
Before immunization and on days 14 and 28 after

immunization, 100 ml of small-intestinal secretions
were obtained from the duodeno-jejunal junction, by
means of a double lumen tube under fluoroscopy,
from each volunteer. The specimens were coded and
the laboratory personnel did not know the vaccine
group. Details of the procedure for processing these
specimens were described in our earlier papers
(38, 39).

Immunization
The volunteers were randomly divided into

5 groups of 25 persons for vaccination, as follows.
(a) Live vaccine, Mukerjee's EW-6 Ogawa serotype
strain (30, 31) containing 4 x 1011 organisms per
dose, administered orally. Stool cultures were made
daily for 7 consecutive days after each dose in order
to measure vaccine excretion. (b) Phenol-killed vac-
cine containing 1011 organisms with equal numbers
of Ogawa and Inaba serotypes (9), administered
orally. The phenol used to kill the bacteria was
removed by dialysis before the vaccine was given.
(c) Inaba monovalent whole-cell vaccine (29) con-
taining 8 x 109 organisms per dose, injected sub-
cutaneously. This vaccine has been shown to pro-
duce significant protection in field trials in an
endemic area (29). (d) Nutrient broth (control),
administered orally. (e) Commercially-prepared,
heat-inactivated Taboral typhoid vaccine containing
1011 organisms per dose, administered orally.
Two doses of each vaccine were administered 14

days apart, immediately after the samples had been
obtained.

Immunoglobulin estinmation
The levels of IgM, IgA, and IgG in the intestinal

secretions were determined as described by Fahey &
McKelvey (11). The anti-immunoglobulin sera were
obtained from the WHO Collaborating Centre for
Reference on Immunoglobulin, Lausanne, Switzer-
land (by courtesy of Dr David S. Rowe, WHO,
Geneva), the WHO standard being included in each
determination.

Vibrioagglutination test
This test was carried out according to the method

described by Ganguly et al. (23), by means of the
two-fold dilution method, starting with a 1: 4 final
dilution of the specimen. The test was performed
with both Ogawa and Inaba serotype antigens.

Vibriocidal antibody test
The test was carried out with the plate technique

described by Finkelstein (13) and Sack et al. (35).

Antibacthrial antibody test with the infant nmouse
model
The technique adopted was that described by

Wanpen & Rowley (40), and the Ogawa strain 35/62
used for the test was obtained from Dr D. Barua,
WHO, Geneva. The results were graded on an
arbitrary 0-4+ scale according to the occurrence of
death, diarrhoea, distension of the bowels, or weak-
ness in at least 6 mice per specimen. A positive and a
negative control were included in each test. A speci-
men tested at a dilution of 1: 2 was considered to be
positive if it caused a >50% reduction in the
reaction, compared with the negative control. In
early experiments, the intestines of infant mice were
also cultured until it was observed that the number
of colonies correlated quite well with the arbitrary
grading system.

Opsonization test with the mouse peritoneluml assay
The test was performed with the technique of

Wernet et al. (41) and Ogawa strain 35/62 as above.
The end-point was determined by titrating specimens
in two-fold dilutions with at least 3 mice per dilu-
tion. A >50% reduction in the number of vibrios
recovered from the peritoneum, compared with the
control (containing no specimen), was considered
significant.

Antitoxic antibody titration by permeability factor
neutralization
We used a modification of the technique described

by Craig (7), with New Zealand albino rabbits and a
crude toxin (prepared for the National Institute of
Allergy and Infectious Diseases by Wyeth Labora-
tories) that had been so diluted as to elicit a blueing
diameter of 7-8 mm. The toxin was a lyophilized
culture filtrate of V. cholerae, strain 569B, grown in
TRY medium.a Antitoxin levels were grossly expres-
sed as 0-4+ in terms of increasing intensity of

a Contains yeast oleate, glycerol, casamino acid, and
magnesium, manganese, and iron(3+) salts.
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permeability change, based on the observed reaction
showing 0 %, 1-25%, 26-50 %, 51-75 %, and
76-100% of the diameter in the standard toxin
included in each test. This type of gradation was
considered more convenient in systems containing
small-intestinal specimens, which often showed
interference with the accurate reading of induration,
swelling, and blueing of the rabbits' skin. A separate
vial of standardized toxin was used for each day's
experiments and a standard antitoxin was titrated in
parallel with the specimens being tested. The stan-
dard antitoxin was prepared by immunizing rabbits
with the crude toxin and was used in the highest
dilution that completely neutralized the diameter of
blueing. Toxin-specimen mixtures were incubated at
37°C for 1 h and kept overnight at 4°C. The next day,
0.1 ml was injected intradermally in duplicate into
randomized sites on the rabbits. Evans blue dye was
injected 18-24 h before reading the diameter of
blueing.
The hospital and laboratory personnel did not

know the vaccine code until all laboratory investiga-
tions had been completed.

RESULTS

Antibacterial immunity in the infant mouse model
All 3 cholera vaccine groups exhibited an increase

in the number of intestinal secretions that inhibited
the effect of V. cholerae 2 and 4 weeks after immu-
nization (Table 1), but the antibody rise was statisti-
cally significant only in those who received the oral
killed vaccine (Chi-squared test, P <0.05). Neither

Table 1. Presence of antibody in the small-intestinal
secretions of volunteers, as determined by the infant
mouse model

Weeks after immunization
Vaccine group

0 2 4

oral live vaccine 2/21 a 6/20 6/21

oral killed vaccine 3/20 8/20 b 9/21 b

parenteral monovalent vaccine 3/21 6/21 6/21

nutrient broth control vaccine 3/21 3/21 2/21

oral typhoid vaccine 2/16 2/16 0/16

a No. of samples of small-intestinal secretions showing inhibition
of challenge/No. of samples tested.

b Statistically significant (Chi-squared test, P<0.05) compared
with nutrient broth control group.

Table 2. Mean percentage protection conferred by
samples of small-intestinal secretions in the infant
mouse model

Weeks after immunization
Vaccine group

2 4

oral live vaccine 45.23 a 45.0

oral killed vaccine 48.0 68.7

parenteral monovalent vaccine 31.9 30.0

nutrient broth control vaccine 0 9.4

oral typhoid vaccine 5.2 0

a Mean percentage decrease in the average degree of reaction,
taking the preimmunization decrease in response (i.e., at 0 week) as 0.

of the control vaccine groups showed any antibody
response. About 15% of the volunteers showed
evidence of preimmunization antibody.
The amount of protection against challenge is

expressed in terms of the degree of protection in the
infant mouse model in Table 2. A decrease in the
intensity of the response (i.e., protection) is observed
in all vaccine groups but not in control groups, and
only the oral killed vaccine group showed an in-
crease in protection when the small-intestinal speci-
mens taken in the fourth week of immunization are
compared with those taken in the second week. The
specimens were tested mainly with an Ogawa strain,
but in early experiments both Ogawa and Inaba
strains were tested on the same specimens and no
differences were observed.

Assay in mouse peritoneunm for opsonizing antibody
and intracellular killing of vibrios
The results of the antibody assay in mouse peri-

toneum show that only the oral killed vaccine group
exhibited a significant response in intestinal antibody
(P <0.05) both in the number of volunteers
responding and in the geometric mean titre in the
group (Table 3). The oral live vaccine group showed
a slight but insignificant rise in titre.
As described above for the infant mouse model,

no difference was noted when Ogawa and Inaba
strains were used in the assay.
The immunoglobulin class of the intestinal secre-

tion antibody was determined by comparing the
elution pattern from a Sephadex G-200 column of
the antibody from various specimens. Approxima-
tely 2/3 of the antibody activity eluted in the excluded
volume along with most of the IgA in the secretions.
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Table 3. Results of assay in mouse peritoneum for
opsonizing antibody in small-intestinal secretions

Rise/ Weeks of immunizationVaccine group Total a
0 2 4

oral live vaccine

oral killed vaccine

3/15 0.6 b 0.93 0.86

5/15C 0.74 1.7 2.5 c

parenteral monovalent vaccine 2/14 1.0 1.1 1.07

nutrient broth control vaccine 0/10 0.7 0.9 0.8

oral typhoid vaccine 1/10 1.0 1.1 0.9

a Number showing a significant rise (> 4-fold)/Total number
tested.

b Log2 geometric mean titre.
C Statistically significant compared with nutrient broth control

group (P < 0.05 by Chi-squared and Student t tests).

Since no detectable IgM was found in the excluded
volume, this antibody was assumed to be of the
secretory IgA class. The rest of the antibody eluted
along with IgG and monomeric IgA, and thus could
be associated with either or both of these classes.

As stated above (page 324), we considered a
> 50% reduction in recoverable organisms from the
mouse peritoneum as significant. Wemet et al. (41),
in their studies with serum and purified immuno-
globulin fractions from colostrum, considered a
> 90% reduction to be significant. The choice of a
percentage reduction is arbitrary, but if a >90%
reduction is used none of the groups showed a
significant mean increase in antibody titre by this

technique. Thus, the significance of the antibody
found by the mouse peritoneum assay can be ques-

tioned.

Vibriocidal and agglutinating antibody

None of the secretions from the volunteers exhib-
ited evidence of vibriocidal or agglutinating anti-
bodies.

Antitoxin antibody assay

No significant difference was observed in any

group in pre- or post-immunization antitoxin anti-
body (Table 4) with the permeability factor neutrali-
zation test. These results were corroborated in 5 sets
of samples, by means of the rabbit ileal loop assay
system (27).

Excretion of vibrios in the faeces of volunteers
receiving oral live vaccine

Of the 29 volunteers who received this vaccine, 12

excreted the organism in their stool on one occasion
after each vaccination. Three volunteers had positive
stool cultures for more than one day following the

first immunization, and one had a positive culture
for more than one day after the second immuniza-
tion (Table 5).

Immunoglobulin levels

No differences were noticed in the immunoglo-
bulin levels of small-intestinal secretions from volun-

teers before and after immunization by the various

routes.

Table 4. Results of assay for antitoxin antibody in small-intestinal secretions

No. with antibody/Total a Average reaction in group
Vaccine group Weeks of immunization Weeks of immunization

0 2 4 0 2 4

oral live vaccine 2/19 2/20 3/19 2.68 b 2.84 2.52

oral killed vaccine 2/23 0/22 1/23 3.2 3.1 3.6

parenteral monovalent
vaccine 0/15 3/16 2/19 3.0 2.37 3.21

nutrient broth control
vaccine 2/17 0/17 2/19 3.0 3.12 2.63

oral typhoid vaccine 3/16 3/15 4/19 2.375 2.2 3.0

a Number showing inhibition of permeability factor, using the rabbit skin model/Total number tested.
b Mean strength of reaction: 0-4+ (0 = no reaction; 4+ = 100 % of standard toxin dose).
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Table 5. Excretion of vaccine strain EW-6 by volunteers
immunized orally

Volunteers showing
Group No. of days excretion aof excretion

No. %

vibrio excretion after:
1st immunization only 1 3 10.4

> 1 3b 10.4

2nd immunization only 1 8 27.6

>1 1 c 3.4

both 1st and 2nd immuniza-
tions 1 12 41.4

>1 0 0.0

no vibrio excretion after either
immunization 2 6.9

a 60 % of the volunteers excreted in the range of 103-1 06 vibrios
of strain EW-6 per gram of faeces; 40 % excreted only a few.

b One for 2 days, another for 3 days, and a third for 4 days.
c For 2 days.

DISCUSSION

The nature of the immune reactions involved in
protection against cholera remains largely undefined.
Whether protective immunity to the disease is
achieved by local mucosal antibody or by systemic
antibody requires investigation. Recent studies with
parenteral cholera vaccination have shown that
significant but limited protection of human subjects
can be achieved in endemic areas, and that this
immunity can be correlated with serum vibriocidal
antibody titres (28). On the other hand there is
considerable experimental evidence indicating that
coproantibody is the most effective mediator of
immunity to cholera (17, 19). Our present study was
undertaken to evaluate the relative efficacy of paren-
teral and oral cholera vaccines in inducing systemic
and local intestinal antibody in human volunteers.
The protective ability of such antibody was assayed
by means of various animal models including active
challenge in mice with vibrios. The response was
compared with that in control groups vaccinated
with nutrient broth placebo and with oral typhoid
antigen. The present paper describes the antibody
response and immunoglobulin class in the small
intestines of those vaccinated. The antibody response
in serum and in faecal specimens will be reported in
other communications.
The possibility of developing oral cholera vaccines

was considered by Freter (16), Freter & Gangarosa

(19), and Mukerjee and associates (30, 31, 36). Freter
showed that an oral killed vaccine elicits an anti-
body response in human intestines, but requires
weekly doses for maintenance. Mukerjee and
associates observed that coproantibody could be
maintained in volunteers for at least 3 months after
2 doses of live attenuated cholera vaccines (30, 31,
36). In the present study, we intended to assess the
relative efficacy of oral live vaccine and of killed
vaccine, and also to compare the results with those of
parenteral immunization. We considered that such a
complete evaluation was necessary to determine the
optimum approach towards cholera prophylaxis.

It seems clear from our observations that low
levels of antibacterial antibody may be elicited in the
gut by both oral and parenteral cholera vaccines. In
both experimental models-the mouse peritoneum
assay and the infant mouse protection test-the oral
killed vaccine seems to have been the most effective
antigen. Whereas the low levels of antibody detected
in the small-intestinal secretions were disappointing,
this result is not completely surprising, since the
total amount of immunoglobulin in these secretions
averages about 3 g/litre-i.e., about 15% of the
serum immunoglobulin content (38). The bacterio-
logical data on the excretion of the live attenuated
strain from the human intestine show no significant
evidence of vibrio colonization in the bowels of most
of the vaccinees, on the assumption that excretion of
the organisms for more than one day after immu-
nization is indicative of significant colonization.
However, the possibility remains that vibrios may
have colonized the upper small bowel and/or the
gallbladder, and that this may not have been de-
tected by excretion of the vibrios in the faeces (22,
25, 26, 34). The relatively weak antibody response
shown by this vaccine may be explained partly by
this fact. It may also be due to weaker antigenicity of
the attenuated strain itself. The superior gut re-
sponse obtained with the oral killed vaccines, com-
pared with that resulting from parenteral vaccina-
tion, confirms that local application of antigen acts as
a stronger stimulus for the local production of
antibodies (32).
The lack of detectable levels of agglutinating and

vibriocidal antibodies in the secretions may be due
to differences in the sensitivity of the test systems
used and in the nature of the antibody being mea-
sured. Vibriocidal antibody in intestinal fluids has
been measured in cholera patients (39). Two of 12
patients with cholera showed a rise in vibriocidal
antibody in their small-intestinal secretions. None
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had detectable agglutinating antibody. The observed
difference in the vibriocidal secretory antibody
response of these vaccinees and of cholera patients is
probably attributable to the more intense stimulus
achieved in the natural infection, although the loss of
some antigens during inactivation of the bacteria by
phenol, or during attenuation, might explain the
difference.

Most of the currently used cholera vaccines elicit
very little antitoxic immunity in human volunteers.
It has been proposed, therefore, that vaccination
with a live attenuated strain given orally might be a
more suitable method for stimulating antibacterial
and antitoxic immunity (2). Whereas the idea theore-
tically is sound, particularly as the strain EW-6 has
been shown to produce toxin (3), the desired result
was not attained. This may have been due to the
strain's relatively poor ability to colonize the gut.
Similar studies might be undertaken to explore the
immunogenic potentialities of the strains described
by Bhaskaran & Sinha (1).
The mechanism of antibacterial immunity in the

small intestine is not known, but it has been studied
extensively by Freter (17), Wanpen & Rowley (40),
and Wernet et al. (41). It appears that the protection
mediated by antibody is independent of the immuno-
globulin class of the antibody, independent of com-
plement, and probably independent of phagocytic
cells, as reported by D. J. Rowley (unpublished
observations, 1973) and by Freter (18). The protec-
tion may be related to the fact that vibrios are
prevented from becoming attached to the gut epithe-
lium (18, 20), or to a vibriocidal action of the
epithelial cells only against organisms coated with
antibody. The latter is a unique antibacterial mecha-

nism, postulated by Rowley and agreeing well with
the data of Freter and his group (18, 20).
Nearly 15 % of the volunteers showed evidence of

preimmunization antibody indicating previous expo-
sure to vibrios or to cross-reactive antigens. The
study was carried out in an area where cholera is
endemic, and thus immunization by any route may
be considered as a " booster " in people who already
have a significant level of " natural " immunity. It
may, in fact, help to achieve a protective degree of
response by the secretory immune system where the
levels of antibody produced are low compared with
the serum levels (37). Further studies will be neces-
sary to determine the frequency and dosage of
vaccination with oral and parenteral cholera vac-
cines that would elicit optimum gut immunity in
human volunteers. Since both the oral and the
parenteral routes stimulate local immunity to some
extent, it is possible that the best regimen should
include both.

After completion of this study, a paper-Cash,
R. A. et al. Infection and immunity, 10: 762 (1974)-
was published, in which the clinical effectiveness of
two live oral cholera vaccine strains was evaluated
in human beings: Ogawa EW-6 and C14-S5 (Muker-
jee's and Bhaskaran's strains, respectively). The
authors observed not only a lack in immunogenic
response and colonization of these strains in the
human gut, but also no protection against challenge
with a virulent strain of homologous V. cholerae.
These data corroborate our findings that sufficient
antigenic stimulus and intestinal antibody could not
be demonstrated with Ogawa EW-6 when it was
administered as a live oral vaccine to human volun-
teers.
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RESUME

REPONSE EN ANTICORPS DANS LES SECREITIONS INTESTINALES CHEZ DES VOLONTAIRES VACCINES
AVEC DIVERS VACCINS ANTICHOLE'RIQUES

Le cholera est une infection au cours de laquelle les
micro-organismes pathogenes se multiplient dans la
lumiere de l'intestin grele sans provoquer de lesions

manifestes de l'epithelium intestinal ni d'invasion
bacterienne. D'observations experimentales conside-
rables, il ressort que l'anticorps intestinal joue le r6le
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majeur dans l'immunite contre le cholera. L'etude
decrite dans le present article visait A comparer la pro-
duction generale et locale d'anticorps antibacteriens
et antitoxiques resultant de la vaccination, par diverses
voies, de volontaires avec des vaccins vivants attenues
ou des vaccins tues. La presente communication traite
de la reponse en anticorps dans les s6cretions de l'intestin
grele de ces vaccines.

Cent vingt-cinq volontaires adultes de sexe masculin
ont e repartis au hasard en 5 groupes de 25 personnes
chacun pour lesquels on a adopte 1) le vaccin anti-
cholerique vivant (buccal) de Mukerjee; 2) le vaccin
anticholerique (buccal) de Kasauli, qui est un vaccin
bivalent tue par le phenol; 3) le vaccin anticholerique
monovalent (parenteral) de Mosley; 4) un placebo
constitue de bouillon nutritif; et 5) le vaccin TAB
buccal. Pour chacun de ces vaccins, deux doses egales
ont e administrees a 14 jours d'intervalle. Des secr&
tions de l'intestin grele ont ete recueillies avant la vacci-
nation au jour 14 et au jour 28. Les echantillons ont ete
concentres et soumis a des titrages d'anticorps anti-
bacteriens et antitoxiques et on a determin6 la classe
d'immunoglobulines a laquelle appartenaient les anti-
corps.

Par l'epreuve d'opsonisation (peritoine de souris)
et l'epreuve de protection sur la souris A la mamelle,
on a pu determiner l'activite antibacterienne dans les
secrtions de sujets vaccines par la voie buccale et paren-
terale avec les vaccins anticholeriques. Toutefois, les
titres etaient faibles et c'est seulement dans le groupe

vaccine avec le vaccin tue buccal que F'activite protec-
trice et la duree de l'immunite etaient notables. L'anti-
corps de l'intestin grele etait constitue en majeure
partie d'immunoglobulines IgA. Les anticorps presents
dans les secretions ne pouvaient pas etre decel6s par
l'epreuve d'agglutination ni par l'epreuve du pouvoir
vibriocide. Dans aucun des groupes de vaccines, il
n'est apparu, apres la vaccination, d'elevation notable
des concentrations d'anticorps, determinees par l'epreuve
cutanee de neutralisation du facteur de permeabilite.
Les donnees des isolements bacteriologiques font appa-
raitre une absence de colonisation de l'intestin par la
souche vivante attenuee utilisee pour la preparation
du vaccin vivant buccal.
Ces observations montrent que, d'apres les m6thodes

de titrage appliquees, le vaccin tue buccal est plus effi-
cace pour stimuler la production d'anticorps dans les
secretions intestinales. L'insuffisance de l'activit6 anti-
genique du vaccin vivant buccal pourrait etre liee 'a la
faible immunogenicite de la souche utilisee et/ou due
a son incapacite de coloniser l'intestin humain. Comme
le vaccin buccal et le vaccin parenteral stimulent l'un
et l'autre dans une certaine mesure l'immunite locale
au niveau de l'intestin, il est possible que le meilleur
schema de vaccination soit un schema comportant
l'administration de vaccin par les deux voies. Enfin,
ces donnees montrent qu'il serait utile de poursuivre
la mise au point d'une souche vivante attenu&e pour
parvenir 'a une prophylaxie efficace du cholera.
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