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Studies on Vaccination against Bacillary Dysentery
1. Immunization of Mice against Experimental Shigella Infection

Colonel DAVID M. MEL, M.D.1, ALEKSANDAR L. TERZIN, M.D.2
& Colonel LJUBOMIR VUKSIcO, M.D.3

In the course of a series of experiments begun in 1954 a number of different killed
vaccines preparedfrom Shigella flexneri 1 and 2a serotypes were testedfor their immuno-
genicity after intraperitoneal administration in micefollowed by challenge with virulent orga-
nisms of the same serotype; some live vaccines were also tested intraperitoneally or orally.

Maintenance of the mice on Freter's regimen proved a reliable method of rendering
them susceptible to intestinal infection with streptomycin-resistant shigellae.

Two killed vaccines conferred good protection against intracerebral challenge, but
neither live nor killed vaccines administered intraperitoneally protected against oral infec-
tion of mice maintained on Freter's regimen. However, oral administration of live vaccine
did confer significant protection against homologous oral challenge, the degree of protec-
tion depending on the dose of vaccine.

Attempts to immunize man against bacillary
dysentery have not been successful to date (Cheever,
1958). Indeed, it is not even certain that immunity
to enteric diseases exists (Freter, 1956). In view of
this, the Interinstitutional Conference on Problems
of Enteric Infections (1961) (held in Moscow
in March of that year) recommended that new
approaches be sought and new principles adopted
for the preparation of dysentery vaccines.
The present report summarizes experiments,

initiated in 1954, on the immunization of mice.
These were the first of a series of investigations which
culminated in the development of a vaccine that has
given good protection to humans exposed to bacillary
dysentery.

MATERIALS AND METHODS

Strains
Shigella flexneri 1, strain 43-G-71 (obtained from

the type-culture collection of the Walter Reed Army
Institute of Research, Washington, D.C., USA),
was used for the preparation of vaccines for studies
in which mice were to be challenged by the intra-
cerebral route. It has been passaged in our labo-
ratory three times on Dorset medium and kept
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at 4°C for several years. The harvest of the second
subculture from this stock, grown on agar medium,
was used for the preparation of vaccines.

Sh. flexneri 1 was inoculated intraperitoneally
into mice and reisolated from the heart blood of
moribund animals on blood-agar plates. The
process was repeated ten times, after which the
LD50 of the last passage culture was 1.25 x 107
viable organisms (about 1.9 x 107 total count)
when injected intracerebrally; this constituted an
approximately 100-fold increase in virulence. This
isolate, designated Sh. flexneri 1 vir., was used as
the challenge strain for all mice immunized with
vaccines prepared from Sh. flexneri 1.

Sh. flexneri 2a, strain 2457T (also obtained from
the Walter Reed Army Institute of Research) was
used to prepare all vaccines for experiments in which
mice were challenged orally. It has been maintained
in the lyophilized state. A streptomycin-resistant
strain of Sh. flexneri 2a, designated Sh. flexneri 2a Sr,
was obtained by plating heavy suspensions of the
parent culture on nutrient agar plates containing
400 ,ug/ml streptomycin and selecting mutants
which grew. This culture was used as an oral
challenge for mice previously vaccinated with Sh.
flexneri 2a.
Vaccines

Sh. flexneri 1 vaccines. Fourteen vaccines were
prepared from Sh. flexneri 1:

1594 -633-



D. M. MEL AND OTHERS

1. Acetone-killed and dried (AKD) cells prepared
by the method of Morgan (1937).

2. A diethylene-glycol extract of AKD cells
prepared by the method of Morgan (1937).

3. An aqueous extract of AKD cells.
4. A phenol extract of AKD cells.
5. Acetylated AKD cells.
6. Acetylated diethylene-glycol extract.
7. Hydrogen-peroxide-treated AKD cells.
8. Hydrogen-peroxide-treated diethylene-glycol

extract.
9. Periodic-acid-treated AKD cells.

10. Periodic-acid-treated diethylene-glycol extract.
11. AKD cells mixed with Freund's adjuvant.
12. Alum-precipitated AKD cells.
13. Seitz filtrate of a 14-day-old broth culture.
14. Supernatant of a 14-day-old broth culture to

which thiomersal (1:10 000 final concentration) had
been added after centrifugation of the culture for
90 minutes at 20 000 rev/min. A 24-hour-broth
culture of Sh. flexneri 1 was used as control vaccine.
No. 5-10 in the above list were detoxified vaccines,

while No. 11-14 were prepared in the manner
indicated in order to increase their immunogenicity.

Sh. flexneri 2a vaccines. Five vaccines prepared
from Sh.flexneri 2a were compared for their capacity
to protect mice against oral challenge (see the table):

1. AKD cells.
2. Seitz filtrate of a 14-day-old broth culture

(Seitz-autolysate).
3. Living agar-grown cells suspended in saline

in a concentration of 3 x 106 cells/ml (live vaccine 1).
4. Living agar-grown cells suspended in saline

in a concentration of 7.5 x 104 cells/ml (live
vaccine 2).

5. Heat-killed cells (100°C for 30 minutes) pre-
pared from live vaccine 1.

Immunization and challenge of mice
Vaccines prepared from Sh. flexneri 1 were

administered intraperitoneally. Tenfold serial dilu-
tions were injected into groups of 24-48 mice in
0.5-ml volumes. Eight days later a second dose of
vaccine, 10 times more concentrated than the first,
was given to each group. Seven days after the last
vaccine dose, the mice were challenged intracerebrally
with 25-100 LD50 of Sh. flexneri 1 vir. (contained
in 0.05 ml). The LD50 of the vaccine was estimated
by the method of Reed & Muench (1938).
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STUDIES ON VACCINATION AGAINST BACILLARY DYSENTERY. 1

Vaccines prepared from Sh. flexneri 2a were
administered by either the oral or the intraperitoneal
route, as indicated in the table. In the case of the
Seitz filtrate, 1.5 ml were injected into each mouse.
An estimate of the probable number of organisms
which the filtrate represents is given in the table
on the basis of dry weight or viable count.
Mice were rendered susceptible to oral challenge

by the technique described by Freter (1956). For
challenge Sh. flexneri 2a Sr was employed. In
experiments 1-8 (see the table) the challenge con-
sisted of 3 x 106 cells; in the other experiments
(9 and 10) 5 x 108 bacteria were fed. The immuno-
genicity of the vaccines was estimated on the basis
of their capacity to shorten the time during which
the challenge organisms were excreted in the faeces
when compared with non-immunized control ani-
mals.
Assay of Sh. flexneri 2a Sr in faecal specimens

was carried out as described by Freter (1956). Stool
samples were streaked on eosin-methylene-blue agar
plates containing 1 mg streptomycin per ml. From
each positive plate at least two suspect colonies were
identified as Sh. flexneri 2a by slide-agglutination
tests.

RESULTS

Nearly all of the 14 vaccines prepared from
Sh. flexneri 1 were unsatisfactory in that they were
either highly toxic or of low immunogenicity. Only
two preparations exhibited relatively good pro-
tective qualities. The AKD cells injected intra-
peritoneally in quantities of approximately 2 mg per
mouse (0.2 mg and 2.0 mg given 8 days apart) usually
protected 50 %-66% of the mice against intracerebral
challenge. The Seitz filtrate of 14-day-broth cul-
tures repeatedly protected 83 %-89% of the mice
against 100 or more intracerebral LD50.
At this stage of our work, we became aware of

Freter's findings that simultaneous administration
of streptomycin, erythromycin and nystatin renders
mice susceptible to enteric infection with dysentery
bacilli. All earlier studies with Shigella vaccines
have been hampered by the lack of an experimental
animal in which the characteristic symptoms and
growth of the pathogen could be reproduced in the
laboratory.
Cooper (1959), Mel (1962) and others have

described pathological changes in the intestines of
mice pretreated with antibiotics and infected with
dysentery bacilli. These lesions closely resembled
those observed in human bacillary dysentery. Under

the conditions of this experimental infection, the
mice excrete dysentery bacilli for relatively long
periods. It was therefore considered possible that
any regimen of vaccination which significantly
shortened the time during which the animals shed
the challenge organisms could be considered a
procedure by which the animals were being rendered
immune. Animals kept on Freter's regimen can be
challenged effectively only with organisms resistant
to the antibiotics applied in the regimen.
Employing this model, various preparations of

Sh. flexneri 2a administered by either the oral or
the intraperitoneal route were evaluated as to
their ability to shorten the length of time during
which the mice shed the challenge strain, Sh. flexneri
2a Sr.
The data from these experiments, which are

summarized in the table, indicate that mice receiving
the live vaccines by the oral route harboured the
challenge organism in their faeces for significantly
shorter periods of time (by both X2 and " t" test
analyses) than did unvaccinated mice kept on
Freter's regimen or mice vaccinated by other pro-
cedures or with other products. Neither the live
vaccines nor any other of the preparations tested
protected the mice against oral challenge when the
vaccine was injected parenterally. AKD cells of
Sh. flexneri 2a administered orally in doses 4000 to
20 000 times larger than the live vaccines also failed
to confer protection.

Live vaccine 2 (Experiment 9 in the table) appeared
to offer less protection than live vaccine 1 (Experi-
ment 6 in the table). This can be explained by the
fact that live vaccine 2 was administered in doses
about 40 times smaller than those of live vaccine 1,
and by the fact that the challenge dose given to mice
immunized with live vaccine 2 was nearly 200 times
that used to infect mice receiving live vaccine 1.
The ineffectiveness of the challenge with 3 x 106

organisms in inducing shedding of organisms for
more than three days by mice not pretreated with
Freter's regimen (i.e., the unvacccinated controls;
Experiment 8 in the table) contrasts clearly with the
effectiveness of Freter's regimen, as applied in our
laboratory, in rendering mice susceptible to enteric
infection with Sh. flexneri.

DISCUSSION

The results of the present work indicate quite
clearly that vaccines prepared from acetone-killed
and dried cells and Seitz filtrates of 14-day-old broth

635



636 D. M. MEL AND OTHERS

cultures, when administered parenterally, protect
mice against intracerebral challenge with Sh.
flexneri. However, parenteral administration of
any of these products or even of live organisms
failed to render mice resistant to enteric infection
with Sh. flexneri. When vaccines were administered
by the oral route protection against enteric infection
was achieved only with the preparation which con-
sisted of living cells. Thus these findings are in good
agreement with the statement of Freter & Ganga-
rosa (1963) that " all experimental evidence points,
therefore, to copro-antibody and not serum antibody
as the protective factor in enteric infections ", as
well as with the arguments offered by one of us
(Mel, 1962) that protection against bacillary dysen-
tery cannot be achieved by parenterally administered
vaccines.

In view of the fact that only living cells adminis-
tered by the oral route conferred protection against

experimental enteric infection, it seems logical to
assume that this would be the best type of vaccine to
employ to protect humans against bacillary dysen-
tery. The problem would then be to choose vaccine
strains which could be fed to humans without the
risk of producing clinical disease. We have obtained
such strains by isolating mutants of dysentery
bacilli which require streptomycin for growth.
These streptomycin-dependent cultures failed to
grow either in broth or in solid medium without
streptomycin, multiplying only when streptomycin
was added.
We assume, on the basis of our experiments in

mice, that a live vaccine prepared from streptomycin-
dependent organisms, even though it did not
multiply in the human intestine, would confer
immunity if given repeatedly in adequate doses.
The use of these vaccines in experiments in humans

is reported in subsequent papers.
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RtSUMt

Dans le cadre de recherches sur la vaccination anti-
dysenterique menees depuis 1954, les auteurs ont etudie,
chez I'animal, le pouvoir immunogene de differentes
preparations de vaccins.

Quatorze vaccins tues obtenus a partir de Shigella
flexneri 1 furent injectes par voie intraperiton6ale A des
souris qui ensuite furent soumises a une inoculation
intrac6rebrale du germe correspondant. Deux de ces
vaccins seulement assurerent une protection satis-
faisante.
Le pouvoir immunogene de vaccins vivants ou tues

fut egalement evalue sur des souris preparees selon la
methode de Freter (administration prealable aux animaux
de streptomycine, d'erythromycine et de nystatine), qui
permet 1'etude des infections intestinales par des Shigella
r6sistantes a la streptomycine (Sr). Aucun vaccin vivant

ou tue introduit par voie intraperitoneale ne confera de
protection contre l'infection par voie intestinale. En
revanche, un vaccin vivant administre par voie orale
assura une protection tres satisfaisante contre l'infection
intestinale par la souche homologue. Le degre d'immu-
nit6 etait fonction de la dose vaccinale utilisee.

Les auteurs concluent que seuls les vaccins vivants
donnes par voie orale protegent contre l'infection intes-
tinale experimentale 'a Shigella et il semble logique de
considerer ce type de vaccin comme le plus apte a assurer
chez l'homme la prophylaxie de la dysenterie bacillaire.
Ils ont pu obtenir par isolement de mutants des souches
de Shigella flexneri qui ne se multiplient qu'en presence
de streptomycine. Un vaccin vivant prepare a partir de ces
souches, donne A des doses convenables et repet6es,
devrait assurer l'immunite.
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