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This article presents the results of a comparative study of the reactogenicity and the
serological response induced by a number of cholera vaccines. Conducted in the USSR on
998 adults aged 18 years and over, the study covered whole-cell heat-killed and formalin-
inactivated cholera vaccines, whole-cell heat-killed El Tor vaccine, and a new partially
purified toxoid preparation proposed for the immunoprophylaxis of cholera-all adminis-
tered by hypodermic syringe or jet injector. The most marked reactions werefound to occur
with the formalin-inactivated cholera vaccine and the least marked with the partially
purified toxoid. It was also established that the toxoid was no less effective than the whole-
cell vaccine in inducing the intense production of antibodies to the Inaba serotype and, in
somewhat lesser degree, to the Ogawa serotype of the El Tor vibrio. It was the only
preparation to give rise to intense production of specific antitoxins in 95-98 % of cases. The
reactions to and immunogenic properties of the cholera vaccines did not show any
statistically significant difference whether administered by hypodermic syringe or by jet
injector.

Since the 1880s, a great deal of research has been
devoted to the development and study of the effec-
tiveness of cholera vaccines and, as a result, it may
be regarded as incontrovertibly established that
there is less morbidity and mortality from cholera
among vaccinated persons. However, quantitative
assessments of the prophylactic effectiveness of vari-
ous cholera vaccines and, what is equally important,
the duration of the protection they afford, vary so
widely, judging from the data of the various research
workers, that the value of vaccination as a prophy-
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lactic measure in cholera control has long been a
controversial topic.
The current interest in quantitative assessment of

the effectiveness of cholera vaccines has been further
stimulated by the steady upward trend in the inci-
dence of El Tor cholera in many countries. In recent
years, both in the USSR and elsewhere, a wide range
of vaccines has been developed from strains of both
the classical biotype and the El Tor vibrios.
Under WHO guidance, a series of controlled

epidemiological trials has been carried out over the
last decade, to determine the reactogenicity and
immunological and prophylactic effectiveness of
cholera vaccines prepared in different ways. These
studies generally showed that whole-cell vaccines
were of low prophylactic value (1) and that the
period of post-vaccination immunity was compara-
tively short (no more than 3-6 months).
The Soviet and foreign cholera and El Tor whole-

cell vaccines available on the market are prepared by
essentially the same techniques. Study of the anti-
genic structure of cholera vaccines has shown that
they lack an exotoxin component, which has been
suggested as the reason for their inability to protect
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against the action of specific pathogenic toxic sub-
stances in the cholera vibrio (2-5). In addition,
therefore, to the development of methods for stimu-
lating non-susceptibility of the gut by the use of oral
vaccines (6-9), a search has been made for new

effective preparations that contain specific cell com-
ponents of greater immunological activity and are

free of extraneous substances, i.e., for pure antigens
and toxoids (10-14).

It has been suggested that there is a promising
future for the use of high-purity antigens, since this
would permit the administration of large doses of
immunogenic substrate free of extraneous reacto-
genic material (15). Whole-cell heat-killed and
formalin-inactivated cholera vaccines are now being
produced in the USSR. In addition, a number of
essentially new vaccines were developed in the USSR
in 1970-71 for immunoprophylaxis against El Tor
cholera and subsequently a comparative study was

planned and carried out on the reactogenicity and
immunogenicity of the vaccines with a view to
selecting the most promising of them.

MATERIALS AND METHODS

The following preparations were studied in the
trial:

1. Whole-cell heat-killed cholera vaccine-a sus-

pension of cholera vibrios of the Inaba and Ogawa
serotypes, killed by heating at 54-56°C for 1 h.

2. Whole-cell formalin-inactivated cholera vac-

cine-a suspension of cholera vibrios of the Inaba

and Ogawa serotypes to which formalin is added
until a 0.1% concentration is obtained.

3. Whole-cell heat-killed El Tor vaccine-a
suspension of cholera vibrios of the Inaba and
Ogawa serotypes, killed by heating at 54-560C
for 1 h.

4. Partially purified cholera toxoid-a supernatant
of broth culture of cholera vibrios of strain 569-B,
partially purified and concentrated by fractionation
with neutral salts according to the method of Keller
& Block (16), produced by the " Microbe " All-Union
Plague Research Institute, Saratov, USSR.

Each subject was vaccinated once only with num-

bered preparations given by jet injector (0.5 ml) or

by hypodermic syringe (1 ml). The individual dose
was 8 x 109 pathogens in the case of the whole-cell
vaccines and 0.8 mg in the case of the toxoid (the
dose of toxoid expressed in mg corresponds to the
protein content). The control group was vaccinated
with a placebo-sterile physiological solution con-

taining no agent and injected in the same quantity as

the other preparations. Inoculation was carried out
subcutaneously in the region of the left shoulder
blade by hypodermic syringe or in the left shoulder
by jet injector.
For the trial, 998 adults of both sexes aged 18

years and over were selected who showed no contra-
indications to inoculation and had not previously
been vaccinated against cholera or contracted that
infection. They were divided by random selection
into ten groups (see Table 1) corresnonding to the

Table 1. Breakdown of subjects inoculated

No. of subjects inoculated

Preparation inoculated By hypodermic syringe By jet injector

Total M F Total M F

Whole-cell heat-killed
cholera vaccine 98 54 44 100 47 53

Whole-cell formalin-
inactivated cholera
vaccine 101 60 41 101 52 49

Whole-cell heat-killed
El Tor vaccine 100 48 52 99 43 56

Partially purified
cholera toxoid 101 46 55 98 53 45

Placebo 100 52 48 100 51 49

Total 500 260 240 498 246 252
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number of preparations being tested and the two
methods of administration (hypodermic syringe and
Soviet BI-3 jet injector). All the subjects were kept
under medical surveillance for 30 days following
inoculation; during this period their temperatures
and the presence and degree of local or general
reactions were recorded.

In order to assess the rate of antibody formation,
the titres of vibriocidal antibodies and antitoxins in
specimens of sera obtained before inoculation and 25
days and 4 and 6 months after inoculation were
simultaneously determined by the microtechnique
(17). For the test cultures, Inaba and Ogawa sero-
types of the El Tor vibrio isolated in 1970 were
employed.
The antitoxin titre was established using Craig's

skin permeability test as modified by Zykin (5),
performed as follows. First, the partially purified
toxoid was titrated to determine the minimum skin
dose. This was done by making a number of serial
dilutions of the toxoid in buffered physiological
solution or phosphate buffer (pH 7.2). 0.1 ml of each
toxoid solution was carefully introduced intra-
cutaneously into the cleanly shaved (plucked) skin of
a light-coated rabbit or guinea pig. The reaction was
read after 18 h. The minimum skin dose was taken to
be that which produced an infiltrate not less than
10 mm in diameter and with a skinfold thickness of
not less than 5 mm.
For the determination of toxin-neutralizing anti-

bodies in the test serum 0.2 ml twofold serial
dilutions of serum had to be prepared, starting with
1:10. To each serum dilution two minimum skin
doses were added, also in a volume of 0.2 ml, and
the mixture kept for 1 h in an incubator at 37°C,
after which 0.1 ml was carefully injected intracu-
taneously.

In addition, two control groups were set up-one
using normal human serum with toxoid and the
other using sera containing toxin-neutralizing anti-
body with toxoid. The reaction was read after 18 h.
When the test serum contained toxin-neutralizing
antibodies there was no infiltrate and only the
injection site was visible (the same reaction as shown
by the second control group). When it did not, the
skin reaction was the same as in the first control
group. The toxin-neutralizing antibody titre was
taken to be the serum dilution that neutralized one
skin dose of toxoid.
The results were computed by the statistical

method currently used internationally for analysing
the immunogenicity of cholera vaccines (18).

RESULTS

An analysis of the combined local and general
reactions to inoculation showed that the partially
purified cholera toxoid was the least reactogenic of
the preparations tested, whether administered by
syringe or jet injector (Tables 2 and 3). Next, in
increasing order of reactogenicity, followed the
whole-cell heat-killed cholera vaccine, the whole-cell
heat-killed El Tor vaccine and the whole-cell for-
malin-inactivated cholera vaccine.

Table 4 shows that in the period immediately after
inoculation the toxoid was on the whole no less
effective than the heat-killed and formalin-inac-
tivated vaccines in inducing the formation of vibrio-
cidal antibodies, even though the vibriocidogenic
activity of this preparation is somewhat less than
that of the heat-killed El Tor vaccine.

It was also found that the administration of the
partially purified toxoid was accompanied in 95-98%
of cases by the intense production of specific anti-
toxins, whereas none of the whole-cell vaccines
tested gave rise to any accumulation of antitoxic
antibodies in the serum of the inoculated subjects.
The absence of any statistically significant differ-

ence in the serological response to the vaccines
administered by hypodermic syringe or jet injector
was established. This finding underlines the useful-
ness of the injector, especially for mass preventive
immunization.
Data contrasting the titres of vibriocidal anti-

bodies to both cholera vibrio serotypes and of
antitoxins at different intervals after immunization
(see Table 5) are, of course, considerably more
informative for assessing the serological response to
the preparations under study. With reference to this
table, it must be stressed that 25 days after inocula-
tion, i.e., at the time of peak formation of humoral
immunity, only the El Tor vaccine gave rise to a
more intense production of vibriocidal antibodies to
both serotypes of El Tor vibrio than did the toxoid.
The geometric mean antibody titres showed a statis-
tically significant difference (P<0.05) from those for
subjects inoculated with the other preparations being
tested. On the other hand, the titres of vibriocidal
antibodies to the Inaba serotype in subjects inocu-
lated with the partially purified toxoid did not differ
significantly (P>0.05) at the same intervals from
those for subjects inoculated with the heat-killed
cholera vaccine and appreciably exceeded the level
in subjects inoculated with the formalin-inacti-
vated vaccine. In contrast, the titres of vibriocidal
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Table 4. Geometric mean titres of vibriocidal antibodies and antitoxins in the sera of subjects 25 days after inoculation

Types of sera tested inoaMethod of No. of sera Titres b of vibriocidal antibodies AntitoxinTypes ofsara testedinoculation a examined
IaaO watitres b
Inaba Ogawa

Obtained prior to vaccination - 44 10 (6-14) 10 (8-12) 4 (3-5)

From subjects inoculated with Syringe 46 152 (136-176) 110 (102-118) 8 (6-10)
whole-cell heat-killed El
Tor vaccine Injector 26 144 (126-160) 176 (144-224) 4 (2-6)

From subjects inoculated with Syringe 43 102 (88-118) 52 (44-56) 66 (60-76)
partially purified cholera
toxoid Injector 31 134 (118-152) 64 (56-72) 68 (80-104)

From subjects inoculated with Syringe 40 80 (76-88) 68 (64-72) 7 (5-9)
whole-cell heat-killed
cholera vaccine Injector 10 72 (64-80) 76 (64-96) 10 (7-13)

From subjects inoculated with Syringe 41 68 (60-76) 76 (72-80) 5 (4-6)
whole-cell formalin-
inactivated cholera vaccine Injector 20 102 (80-126) 118 (102-134) 5 (3-7)

a The differences between the titres of vibriocidal antibodies and antitoxins in the sera of persons inoculated with a hypodermic syringe
and with a jet injector are not statistically significant (P>0.05).

b With 95 % confidence limits.

Table 5. Geometric mean titres of vibriocidal antibodies and antitoxins at various
intervals after inoculation

Titres a of vibriocidal antibodies
Preparation inoculated No. ofsaera Antitoxin titres a

Inaba Ogawa

25 days after inoculation

Partially purified cholera
toxoid 43 66 (60-76) 102 (88-118) 52 (44-56)

Whole-cell heat-killed El
Tor vaccine 46 8 (6-10) 152 (136-176) 110 (102-118)

Whole-cell heat-killed
cholera vaccine 40 7 (5-9) 80 (76-88) 68 (64-72)

Whole-cell formalin-
inactivated cholera vaccine 41 5 (4-6) 68 (60-76) 76 (72-80)

4 months after inoculation

Partially purified cholera
toxoid 52 62 (34-88) 76 (40-152) 88 (48-160)

Whole-cell heat-killed El
Tor vaccine 49 3 (2-4) 72 (40-128) 98 (48-192)

Whole-cell heat-killed
cholera vaccine 44 6 (5-7) 62 (30-128) 72 (36-136)

Whole-cell formalin-
inactivated cholera vaccine 50 3 (2-5) 52 (32-76) 80 (48-144)

6 months after inoculation

Partially purified cholera
toxoid 26 44 (34-60) 92 (62-136) 80 (60-120)

Whole-cell heat-killed El
Tor vaccine 34 1 96 (68-136) 76 (60-104)

Whole-cell heat-killed
cholera vaccine 24 1 76 (44-136) 80 (48-144)

Whole-cell formalin-
inactivated cholera vaccine 31 0.5 50 (40-60) 52 (39-66)

a With 95% confidence limits.
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antibodies to the Ogawa serotype at those inter-
vals, although small, were significantly higher than
in subjects inoculated with the heat-killed and
formalin-inactivated vaccines.
The above findings are clearly related to the

antigenic structure of the toxoid-producer strain.
Moreover, they point the way to further improve-
ment of the preparation and justify research into
the possibility of enriching the toxoid with the
immunogenic material responsible for producing
vibriocidal antibodies to the Ogawa serotype.
At the same time it will be seen from Table 4 that

a sufficiently high level of antitoxic antibodies oc-
cuffed only in subjects inoculated with the partially
purified toxoid. Here, it should be noted that the
antitoxin content, to judge by the results of the
serum titration, did not appreciably change over the
longer intervals of four and six months following
vaccination: the geometric mean titre of the anti-
toxins at those intervals did not show any statisti-
cally significant difference (P>0.05) from that mea-
sured 25 days after a single immunization.
A comparison of vibriocidal antibody titres as the

process developed showed that the intensity of anti-
bacterial immunity at the different intervals follow-
ing immunization did not change in quite the same
way as antitoxic immunity. Thus, at four and six
months after vaccination the vibriocidal antibody
titres to the Inaba serotype in subjects inoculated
with the El Tor vaccine showed a statistically signifi-
cant drop (P<0.05) in comparison with the data
obtained 25 days after inoculation with this prepara-
tion. In contrast, at no stage of the trial did the
geometric mean vibriocidal antibody titres to the
Ogawa serotype differ essentially (P>0.05). At the
same time, a statistically significant diminution
(P<0.05) after 4 months of vibriocidal antibodies to
the Inaba serotype in those inoculated with the El
Tor vaccine, to judge by the antibody titres to both
vibrio serotypes, resulted at these intervals in a
practically identical intensity of antibacterial immu-
nity in subjects inoculated with any of the four
preparations.
A similar relation between the vibriocidal anti-

body titres in subjects inoculated with partially
purified toxoid and whole-cell El Tor and cholera
vaccines also occurred six months after immuniza-
tion. Only in those inoculated with the formalin-
inactivated vaccine was the vibriocidal antibody titre
to the Inaba serotype significantly lower than in
subjects inoculated with the toxoid and the El
Tor vaccine (P<0.05).

Thus, the somewhat lower serological response to
the partially purified toxoid as regards its capacity to
stimulate the production of vibriocidal antibodies to
the Ogawa serotype could be shown only by titration
of sera obtained 25 days after immunization. How-
ever, quite apart from the suggestion made above
concerning ways of increasing the serological
response to this toxoid, there is no reason to exclude
it from the current armamentarium since (a) preven-
tive inoculations against cholera on the basis of
epidemiological indices are in practice given earlier
than the anticipated rise in morbidity from the
disease, and (b) it has been established that there are
no significant differences (P>0.05) between the titres
of vibriocidal antibodies to both serological types of
the vibrio 4-6 months after immunization with one
or the other.

In the light of the above it would appear that the
partially purified toxoid can rightly be regarded as a
perfectly valid antigen vaccine which, unlike all the
other commercial whole-cell cholera vaccines tested,
ensures the formation of a sufficiently intense and
persistent recordable immunity that is not only
antibacterial but also antitoxic.

In addition, the trial established the age-specific
inoculation doses of the toxoid for children and
young persons. The selection of these doses for a
single subcutaneous administration of the toxoid by
syringe under the left shoulder-blade was made in
the light of tolerance to the preparation and its
reactogenicity. Children aged 7-14 years and young
persons were vaccinated with various doses and the
vibriocidal antibody and antitoxin titres were deter-
mined in two samples of blood serum obtained 25
days before and after vaccination.

Study of the reactions to different doses of par-
tially purified cholera toxoid (from 0.1 to 0.9 mg) in
a limited group of children and young persons,
under close medical supervision, showed complete
tolerance to the highest of the doses tested and
practically no reactogenicity. Moreover, the results
of titrating the vibriocidal and antitoxic antibodies
in the blood sera of those inoculated showed
(Table 6) that, due account being taken of the
confidence limits for these indices, there was no
appreciable statistical difference (P>0.05) between
the geometric mean vibriocidal antibody titres in the
blood sera of inoculated children aged 7-10 and
11-14 years and in young persons aged 15-17 years,
for either the Ogawa (1: 38, 1: 32 and 1: 50 respec-
tively) or the Inaba serotype (1: 38, 1: 52 and
1: 48). The same was true of the specific antitoxin
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Table 6. Geometric mean titres of vibriocidal antibodies and antitoxins in sera of subjects inoculated with optimum
doses of cholera toxoid

No. of Age of D No. of Titres a of vibriocidal antibodies
subjects subjects ose Time of sampling samples Antitoxin titresa

inoculated (years) m examined Inaba Ogawa

67 7-10 0.3 Before inoculation 30 6 (2-10) 16 (14-18) 3 (2-4)

After 25 days 66 38 (34-44) 38 (34-44) 56 (48-64)

38 11-14 0.5 Before inoculation 18 4 (2-6) 2 (0-4) 5 (3-7)

After 25 days 36 52 (44-60) 32 (28-36) 40 (36-48)

43 15-17 0.7 Before inoculation 42 8 (4-12) 8 (6-10) 2 (0-4)

After 25 days 41 48 (34-68) 50 (42-54) 64 (54-74)

a With 95 % confidence limits. The differences between the titres of the vibriocidal antibodies and antitoxins in those vaccinated with
doses of 0.3, 0.5 and 0.5 mg are not statistically significant (P>0.05).

titres (1: 56, 1: 40 and 1: 64). There are thus grounds
for concluding that the toxoid doses selected after
analysis of the blood serum titration results for
children aged 7-10 and 11-14 and young persons
aged 15-17 (0.3, 0.5 and 0.7 mg respectively) are in
the fullest sense the optimum age-specific doses,
since their administration is in fact accompanied by
an identical immunological conversion in the orga-
nism of those vaccinated at different ages. This
conclusion takes into account the complete tolerance
shown to these doses, which give rise to almost no
reactions.

CONCLUSIONS

1. Partially purified cholera toxoid is no less
effective than whole-cell cholera vaccine in inducing
the intense production of vibriocidal antibodies to
the Inaba and Ogawa serotypes of the El Tor vibrio.
At the same time, in 95-98% of cases it stimulates
the production of specific antitoxins, whereas the

administration of the three whole-cell vaccines (heat-
killed El Tor and heat-killed and formalin-inacti-
vated cholera vaccines) is not accompanied by anti-
toxin formation.

2. The vibriocidal antibody and antitoxin titres in
those vaccinated with partially purified cholera
toxoid do not decline appreciably during the six
months following vaccination (the period of the trial).

3. The specific antibody titres in subjects vac-
cinated with the four preparations tested, whether
administered by hypodermic syringe or by the BI-3
jet injector, did not differ to a statistically significant
extent throughout the tests, thus confirming the
suitability of jet injectors for use in mass immuniza-
tion campaigns.

4. The optimum doses of partially purified cholera
toxoid for the inoculation of children aged 7-10 and
11-14 years and young persons aged 15-17 years are
0.3, 0.5 and 0.7 mg respectively.
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RI SUMI

ETUDE COMPARATIVE DES REACTIONS ET DE LA REPONSE SEROLOGIQUE AUX VACCINS
ANTICHOLERIQUES AU COURS D'UN ESSAI PRATIQUE CONTROLt EFFECTUE EN URSS

Un essai epidemiologique strictement contr6l6 a ete
effectue en vue d'etudier la frequence et l'intensite des
reactions generales (fievre, malaise, c-ephalee, douleurs
musculaires, nausees, vomissements, diarrhee) et des
reactions locales (douleurs, adenopathie, erytheme, infil-
tration) provoquees respectivement par une nouvelle
preparation d'anatoxine cholerique partiellement puri-
fi&e destinee a l'immunoprophylaxie du chol6ra, et par
des vaccins constitues de vibrions choleriques entiers
tues par la chaleur ou inactives par le formol), ainsi que
par un vaccin constitue de vibrions El Tor entiers tues
par la chaleur.
De toutes les preparations vaccinales eprouvees, l'ana-

toxine est celle qui a donne le moins d'effets secondaires,
quel que soit son mode d'administration, c'est-a-dire par
seringue hypodermique ou injecteur sans aiguille. Vien-
nent ensuite, par ordre d'intensite croissante des r6actions
provoquees: le vaccin constitue de vibrions choleriques
entiers tues par la chaleur, le vaccin constitue de vibrions
El Tor entiers tues par la chaleur et le vaccin constitue
de vibrions choleriques entiers inactives par le formol.
La comparaison de la reponse serologique a l'anatoxine

cholerique partiellement purifi6e, administree A l'aide
d'une seringue epidermique ou d'un injecteur sans aiguille,

et des reponses qu'on a obtenues avec les autres vaccins
constitues de vibrions entiers a montre que I'anatoxine
n'6tait pas inferieure A ces autres vaccins en ce qui
concerne la production d'anticorps vibriocides. En outre,
A la difference des vaccins constitues de vibrions entiers,
elle suscitait la production d'anticorps antitoxiques spe-
cifiques chez 95 A 98% des vaccines. Les titres d'anti-
corps vibriocides et antitoxiques n'ont pas decline de
maniere appreciable au cours des six mois suivant
l'immunisation (periode d'observation) et il n'y a pas eu
de diff6rence dans l'intensite de la production d'anticorps
selon que le vaccin avait ete administre a la seringue ou
A I'aide de l'injecteur sans aiguille BI-3.

Les resultats d'une etude des reactions et des reponses
serologiques A differentes doses d'anatoxine, utilisees
sous forme d'injection unique, dans un groupe limite
d'enfants et d'adolescents, ont montre une tolerance
complete aux doses maximales utilis6es, et I'absence
presque complete de reaction, ainsi qu'une bonne reponse
immunitaire. Les doses optimales ont ete statistiquement
calculees A partir des resultats du titrage des anticorps
vibriocides et antitoxiques dans le serum des enfants et
des adolescents vaccines avec les diff6rentes doses.
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