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Studies on Vaccination against Bacillary Dysentery
2. Safety Tests and Reactogenicity Studies on a Live Dysentery Vaccine

Intended for Use in Field Trials
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ALEKSANDAR L. TERZIN, M.D.3 & Colonel LJUBOMIR VUKSI(, M.D.4

In view of the encouraging results obtained in active mouse protection experiments,
several batches of live oral vaccine preparedfrom streptomycin-dependent Shigella flexneri
were tested in vitro for any indication of reversion to streptomycin-independence and in
man for their reactogenicity.

The in vitro tests provided no evidence of reversion.
In man, major reactions were observed in only 1.4 % of volunteers, all those so affected

being heterotypic ShigeRla carriers in whom clinical exacerbation was induced. Both the
intensity and the frequency of the minor reactions observed in other volunteers depended
on the size of the vaccine dose administered. The dosage was also directly related to the
duration of shedding of the vaccinal strain in the faeces and to the clinical exacerbation
shown by heterotypic carriers.

Both the phagocytic activity and the serum antibody titres were equally low before
and after vaccination, but post-vaccination copro-antibody titres were 8-32 times higher
with homologous than with heterologous antigens.

On the basis of suggestive evidence collected from
active mouse protection experiments (Mel, 1962;
Mel et al., 1965a5), we came to the conclusion that
it might be possible to protect man against bacillary
dysentery by the oral administration of live organ-
isms, provided these were rendered avirulent or
unable to multiply in the intestinal tract. It was
decided to test live oral vaccines prepared from
streptomycin-dependent mutants of Shigella flexneri
for their protective effect against bacillary dysentery
in human volunteers. This report deals with the
safety tests and reactogenicity studies of live oral
vaccine that conferred good protection to human
volunteers, as will be shown in the subsequent report
of this series (Mel et al., 1965b 6).
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MATERIALS AND METHODS

Strains of Sh. flexneri
The Sh. flexneri 2a strain was that described

previously (Mel et al., 1965a 5). The Sh. flexneri 1
and Sh. flexneri 3a strains were isolated from
patients with acute bacillary dysentery and identified
in our laboratory. Both these strains were stocked
on Dorset medium at 4°C. Streptomycin-resistant
and -dependent mutants of these strains are desig-
nated hereafter as Sh. flexneri Sr and Sh. flexneri Sd
respectively.

Selection of Sd colonies
Organisms from heavily seeded 3% plain nutrient

agar plates were scraped off and streaked on agar
plates containing 400 ,&g of streptomycin per 1 ml.
One half of each initial Sr colony grown on strepto-
mycin agar was seeded on to plain agar, and the
other half on to a streptomycin plate. This procedure
was repeated until a Sd colony was found, i.e.,
one which grew on the streptomycin agar but not
on plain agar. Colonies of initially minute size
were spread on to new streptomycin plates and
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subcultured repeatedly. Eventually Sh. flexneri Sd
colonies of normal size and appearance were
obtained. The microscopic appearance, the Gram
staining properties, the biochemical and serological
activity, as well as the toxicity and homologous
immunogenicity in intraperitoneally immunized
mice against intraperitoneal challenge of these
Sd organisms were carefully tested and found to be
indistinguishable from those of streptomycin-
sensitive Sh. flexneri organisms of the corresponding
type.
Preparation of the vaccines
The various serotypes of streptomycin-dependent

Sh. flexneri were grown on large Petri dishes with
streptomycin agar. After 24 hours' incubation at
37°C, the organisms were washed off and well
homogenized in saline. From each batch of the
homogenized suspensions, 0.5-ml aliquots were
tested both for purity (on streptomycin agar) and
for the possible presence of streptomycin-sensitive
or Sr mutants (on plain agar plates); reversions to
streptomycin-independence were never found.
However, some batches revealed contamination
with streptomycin-resistant or -sensitive saprophytes.
Batches with more than five colonies of contaminat-
ing bacteria per 0.5 ml of the heavy suspension
were discarded. After storage for 24-26 hours at
40C, batches with no contaminants and those
revealing five or fewer colonies per 0.5 ml were
pooled and diluted to the desired density with
saline. The density of the stock preparation was
determined with an electrophotometer. These
suspensions were kept in a refrigerator for not
longer than four hours, and the stock suspensions
were diluted with saline immediately before ad-
ministration to contain the required number of
organisms in 30 ml of the final vaccine intended
for each recipient.
Determination ofnumber of organisms

In our central laboratory, prior to moving to
the area of the vaccine trial, viable counts of the
organisms grown on agar media and suspended in
saline were determined and plotted against optical
densities determined with an electrophotometer.
This reference graph was used in the field to estimate
the viable count of the vaccine on the basis of the
densities determined with the same electrophoto-
meter. Under well-standardized conditions this
technique gave reproducible and accurate estimates
of viable counts. All reports of numbers of organ-
isms in this paper refer to viable counts.

Bacteriological examination ofstools
Stool specimens from all persons to be tested

bacteriologically were plated immediately on to both
SS plates and streptomycin-agar plates. Each plate
was examined with a binocular microscope using
oblique transmitted light (linear magnification x 20),
and suspect colonies were identified serologically
by slide agglutination. The SS plate served to
reveal carriers and any possible in vivo reversion of
the vaccinal Sd strain. The streptomycin-agar plate
was employed to determine the length of time the
vaccinal strain was shed in the faeces.
As shown in Table 1, from the 16 volunteers in

groups I and II and from 23 out of a total of
136 soldiers in group III a total of 463 stool speci-
mens was tested. Rectal swabs were also taken
from some persons.

TABLE I
DISTRIBUTION OF 463 STOOL SPECIMENS

FROM 39 VOLUNTEERS

Volunteers No. of specimens testedfrom single volunteers

Group No. 4 5 7-13 15-19

I and 11 16 0 0 1 15

III 23 1 1 21 0

Preparation of stools for copro-antibody titration
At about 5 a.m., 13 g of sodium bicarbonate

in 500 ml of water were given to each volunteer,
and 15 minutes later, 25 g of magnesium sulfate
in 200 ml of water. All recipients were instructed
to drink plenty of water. Liquid stools were
collected from everyone between 7 a.m. and 10 a.m.
The stools were refrigerated for approximately
one hour, adjusted with 1 N NaOH to pH 8 and
centrifuged at 20 000 rev/min for 30 minutes at 4°C.
The supernatants were filtered through coarse filter-
paper and tested immediately for copro-antibody
by agglutination of sensitized red blood cells.
Agglutination of sensitized red blood cells
Serum antibodies and copro-antibodies were

titrated by the haemagglutination procedure kindly
demonstrated to one of us by Dr Viola May Young.'

IThis is a modification of the haemagglutination test
for use in the study of shigellae and Escherichia coli developed
in 1958 by the Gastroenteritis Studies Group, Bacteriology
Department, Walter Reed Army Institute of Research,
Washington, D.C., USA (unpublished).
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Serum antibodies revealed sharp end-points. The
end-points obtained with copro-antibodies were
less pronounced; however, if only complete clump-
ing of the red blood cells was regarded as a
positive reaction, the copro-antibodies yielded end-
points with good reproducibility.

Phagocytic activity determination
A procedure originally described by Kendrick

et al. (1937) and modified as described in detail by
Mel et al. (1962), was used to determine the phago-
cytic activity against the vaccinal organisms of blood
samples taken from volunteers before and after
vaccination.

Persons vaccinated
All vaccinated individuals were 20-22-year-old

males and most were soldiers. None had previously
been vaccinated against dysentery. As shown in
Table 2, the total of 1029 individuals observed was
made up of six groups; the 857 members of the
first five groups received Sh. flexneri Sd vaccines,
and the 172 persons in group VI were fed placebos.
The numbers of persons in these experiments

were gradually increased, the vaccine first being
tested on groups of 5 and 11 civilian volunteers,
and later on groups of 136, 355 and 350 soldiers.
The Sh. flexneri serotypes and the numbers of
organisms contained in the various doses of the
vaccines are shown in Table 2.
Groups I and II together consisted of 16 volunteer

civilian students in Belgrade. The first six were
hospitalized and the other 10 were kept under the
daily surveillance of the out-patient clinic. All
were followed up with careful clinical examinations.
All these volunteers were tested for shedding of the
vaccinal strain in the faeces, for serum and copro-
antibody titres and for phagocytic activity.
Group III consisted of 136 soldiers stationed in a

non-endemic area. The length of time for which
23 of these men shed the vaccine strain was de-
termined.
Group IV consisted of 350 soldiers, all of whom

belonged to a garrison in an area of Yugoslavia
where bacillary dysentery is endemic. In contrast
to members of other groups, these received three
doses of a polyvalent vaccine containing Sh. flexneri
1 Sd, 2a Sd and 3a Sd organisms in the following
amounts: 0.6 x 1010, 1.2 x 1010 and 1 x 1010
respectively in the first dose; 0.8 x 1010, 0.5 x 1010
and 1.1 x 1010 respectively in the second dose; and
0.5 x 1010, 0, and 1 x 1010 respectively in the third
dose.

Groups V and VI were stationed in a hyper-
endemic area. Morbidity rates observed in that
area among the civilian population have been
described in detail by Madjarid & Zdravkovid (1963).
The high prevalence of bacillary dysentery in that
area and the relatively large number of vaccinated
soldiers exposed to natural infections in the course
of the summer of 1963 made it possible to assess
the protective efficacy of our vaccine; this is reported
in the following paper (Mel et al., 1965b1).

Administration of vaccine

In two of the groups the vaccine was administered
before noon, while the four other groups received
the vaccine in the afternoon. All individuals were
vaccinated about five hours after their last meal
and about one hour before the next one. Unless
otherwise stated, all subjects took 2 g of sodium
bicarbonate dissolved in 30 ml of water about five
minutes before the vaccine or placebo was ad-
ministered.
The vaccine was served in beakers and each

recipient swallowed the whole amount of the
vaccine contained in 30 ml. Placebos consisted of
30 ml of barium sulfate suspension diluted with
saline to an optical density comparable to that of
the vaccine.

RESULTS AND DISCUSSION

Stability of Sd mutants

It has been established repeatedly that 10 or more
Sr colonies grow out when approximately 1 x 1010
Sh. flexneri 2a are spread on nutrient agar plates
containing streptomycin. It was necessary to plate
out about 600 Sr colonies (half of a colony being
plated on plain agar and the other half on strepto-
mycin agar) to find a single Sd colony of Sh. flexneri
2a. In vitro tests for reversion showed that, out of
about 4 x 1012 viable Sd organisms plated on to
plain agar plates during the previous two years, not
a single streptomycin-sensitive or -resistant colony
could be obtained. We assume that our Sh. flexneri
2a Sd mutant has been stabilized in its Sd phase
during its nine months of daily passages on strepto-
mycin plates prior to extensive testing for Sd
stability.
With the Sh.flexneri 1 and 3a strains the frequency

of mutation to Sr was approximately the same as
with Sh. flexneri 2a. However, the selection of

1 See page 647 of this issue.
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Sd colonies from Sr organisms was significantly
easier with these cultures than with the Sh. flexneri
2a strain. Testing approximately 100 Sr colonies of
Sh. flexneri 1 or Sh. flexneri 3 yielded one Sd organ-
ism of each strain. So far about 1.5 x 101" organ-
isms of each of Sh. flexneri 1 Sd and Sh. flexneri 3a
Sd have been tested for in vitro reversion to strepto-
mycin-independence; no evidence of reversion has
been found.
Even allowing for reversion in a proportion as

high as 1 in 108 of the Sd organisms administered,
we felt confident that the antagonizing effect of
the normal enteric flora would prevent these reverted
Shigella organisms from initiating intestinal infection
in man. Nevertheless the number of recipients was
increased to 152 only after careful clinical study of
the first 16 volunteers, and then to 507 and eventually
to 857 several months -later.

Reactions following vaccination

As stated above, six of the 16 volunteers in
groups I and II were hospitalized and the other 10
were kept under daily clinical surveillance as out-
patients. The administration of the vaccine to
16 volunteers (for serotypes and doses see Table 2)
induced no detectable changes in body-weight,
temperature, blood pressure, red and white blood
cell counts, blood haemoglobin, erythrocyte sedi-
mentation rate or differential white blood formula.
No pathological changes were revealed by the
results of urine analysis, electrophoretic pattern of
serum proteins, roentgenography of the chest or
functional tests of the liver (bilirubin tolerance,
cephalin cholesterol flocculation, indirect van den
Bergh reaction and thymol turbidity test).
One of the 16 volunteers developed mild diarrhoea

with mucous and watery stools within 24 hours of
receiving the first dose of the Sh. flexneri 2a Sd
vaccine. He recovered without treatment within
48 hours. About 24 hours after the second dose
of vaccine the same volunteer again developed
diarrhoea, but with no mucus; this ceased in 24 hours
without treatment. After the third dose of vaccine
this volunteer had no detectable reactions. Although
before vaccine administration at least two stool
specimens from all 16 volunteers were found to be
negative for shigellae, the stool specimens of this
volunteer with transient diarrhoea yielded Sh.
flexneri 4 repeatedly, indicating that this single
reactor was in fact a carrier. None of the other
15 volunteers showed any reaction at all after any
of the three doses of vaccine.

Encouraged by these observations, we proceeded
with the administration of the vaccine to a larger
number of persons. As a rule the observed groups
of soldiers were not hospitalized. They were
instructed to report daily on any disturbance they
experienced. Those reporting untoward effects due
to vaccination were examined, and only those with
suspect findings were hospitalized.

Post-vaccinal reactions observed in other groups
may be summarized as follows.

In group III 36 of the 136 soldiers developed
diarrhoea after the first dose of vaccine (which
contained 9.5 x 1010 organisms per volunteer), and
11 of these said that they also felt mild cramps in
the intestines. The symptoms started 8-48 hours
after the vaccine had been administered and per-
sisted not longer than 8-48 hours after their onset.
After the second dose of vaccine (which was
administered to all 136 soldiers, regardless of
reactions to the first dose), only two soldiers
developed diarrhoea with cramps, with an onset
at 12 and 48 hours after vaccination and dis-
appearance of the symptoms after a further 12 and
48 hours. Only one of the 136 soldiers (a carrier)
was hospitalized; all the rest conducted their daily
duties regardless of the reactions reported. About
50% of the subjects stated at one or another time
during the vaccination period that they experienced
intestinal rumbling. Stool specimens from all
soldiers who said they had any reactions were
examined bacteriologically. From the stool speci-
mens of one soldier who developed diarrhoea
lasting 48 hours after the second dose of vaccine
a strain of Sh. flexneri 1 was isolated. This case
was taken as an example of clinical exacerbation
in a Shigella carrier, induced by oral application of
a heterotypic vaccine.

In group IV, where the total number of organisms
administered was the smallest, only four out of the
350 soldiers developed diarrhoea after the first dose
of vaccine. In two of them the reaction was associ-
ated with vomiting, and in three of them with mild
cramps. The reactions started 8-48 hours after
vaccination and ceased 12-24 hours later. After
the second dose, only two subjects reported diar-
rhoea, with onset 8 and 24 hours respectively after
vaccination; in neither did it last longer than
12 hours.
In group V the post-vaccinal reactions observed

among the 355 soldiers were as follows. Twelve
to 24 hours after the first dose, 14 soldiers developed
diarhoea (nine of them with slight cramps and
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five with mucous stools). Most of these reactions
ceased within 12-48 hours; however, in two instances
(both carriers) the diarrhoeal symptoms lasted with
intermissions for 11-12 days. After the second dose,
only three cases (two in carriers) of diarrhoea were
observed (two with mucus and one with barely
visible blood in the stool). One of these three
soldiers had mild cramps. The reactions started
12-48 hours after vaccination and all three soldiers
were well within a further 24-48 hours. About
18 hours after the third dose, two soldiers developed
diarrhoeal reactions (one of them with mucus in
the stool), lasting for two and three days respectively.
From the stool specimens of five reactors, including
those reacting most severely, different Shigella
strains were repeatedly isolated. All five carriers
were hospitalized. From the first carrier, Sh.
flexneri 3 was isolated as many as 10 times on
different days between 26 May and 23 June 1963.
From 16 stool specimens from the second carrier,
Sh. sonnei was recovered four times, and 22 days
later a strain of Sh. flexneri 4. From the third and
fourth carriers, Sh. boydi was recovered repeatedly.
From one of the six stool specimens taken from the
fifth carrier, Sh. flexneri 3 was isolated. From none
of the 65 post-vaccinal stool specimens taken from
these five volunteers was streptomycin-sensitive or
-resistant Sh. flexneri 2a isolated (i.e., neither
"wild " nor reverted strains).
In group VI, four " reactions " were observed

among the 172 soldiers receiving placebo. After
the first dose of placebo, two soldiers developed
diarrhoea (without cramps) and one reported slight
cramps only. All symptoms started within 8 hours
after the placebo, and lasted 8-24 hours. No
reaction was reported after the second placebo,
but 24 hours after the third dose of placebo one
soldier developed diarrhoea with 2-7 watery stools
per day for three days in all. This soldier proved
to be the only hospitalized carrier from whom a
Sh. flexneri 2a strain was isolated.

All these findings, taken in conjunction with the
data presented in Table 2, lead us to the following
conclusions.
A strong positive correlation seems to exist

between the number of organisms in the vaccine
and the proportion of reactions observed. On the
basis of the data presented in Table 2 this correlation
may be expressed as follows: the number of
organisms received in the first dose of vaccine was
9.5 x 1010 in group III, 6.5 x 1010 in group II,
4.9 x 1010 in group V, and 2.8 x 1010 in group IV,

and reactions were observed after the first dose
among 26.40%, 9.1 %, 3.9% and 1.1% of the soldiers
in these groups respectively. The total number of
organisms received in the first two doses of vaccine
was 13.8 x 1010 in group II, 12.5 x 1010 in group III,
8.9 x 1010 in group V and 5.2 x 1010 in group IV.
This altered sequence applies as well to the positive
reactions observed after the second dose, these now
amounting to 9.1 %, 1.5 %, 0.9 % and 0.8 % respec-
tively.
Group IV, which received 2.8 x 1010 organisms

per soldier in the first dose, had 1.14% reactors;
this is comparable to the 1.74% incidence of reac-
tions observed in group VI, after the first dose of
placebo. The vaccine dose given to the soldiers
of group IV may therefore be taken as one that
caused no post-vaccinal reactions at all.

Phagocytic activity and antibody response following
vaccination
Blood samples were taken from each of the

16 volunteers in groups I and If (see Table 2) one
day before administration of the first dose and
14 days after administration of the third dose of
vaccine to be tested for phagocytic activity and
serum antibodies. To spare them too much dis-
comfort, the volunteers were tested for copro-
antibodies once only, on the seventh day after the
last dose of vaccine. Table 3 shows the results of
these tests, which may be summarized as follows.

All the phagocytic activity values observed in the
post-vaccinal blood specimens were below 73, and
the mean values ranged between 17 and 27. It is
known that the phagocytic activity of the whole
blood does not necessarily correlate with the
opsonizing activity of the serum. As shown earlier
(Mel et al., 1962), Shigella infections show values
of homologous phagocytic activity higher than 100,
and values below 80 may be considered non-
specific. Neither the volunteers fed Sh. flexneri 2a
nor those receiving the 3a vaccine showed an
increase in homologous phagocytic activity in the
post-vaccinal blood specimens. In contrast to what
happens in natural infections with shigellae (Mel
et al., 1962), our volunteers probably absorbed no
active antigenic material from the intestines, and
their " immunological status " as well as that of
their circulating white blood cells remained unaltered.

This lack of stimulation of homologous phago-
cytic activity due to oral vaccination with live
organisms was surprising, since the number of
organisms fed to each of the 16 volunteers was
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TABLE 3
PHAGOCYTIC ACTIVITY AND SERUM ANTIBODY AND COPRO-ANTIBODY TITRES

IN VACCINEES OF GROUPS I AND II

Homologous phagocytic Homologous Post-vaccinal
activity a serum titres a copro-antibody titres a

No. of Type of vaccine
volunteers Pre- Post- Pre- Post- Homo- Hetero-

vaccinal vaccinal vaccinal vaccinal logous logous b

5 Sh. flexneri 3a Sd 17.4 20.0 8.8 13.2 128 8
(Group I) (8-25) (11-30) (4-16) (4-16) (64-256) (4-16)

11 S. flexneri 2a Sd 25.0 26.7 9.5 I 13.6 147 15
(Group II) (12-64) (12-72) (4-32) (4-32) (16-256) (4-32)

a Expressed as the mean, with the range in parentheses.
b Sh. flexneri 2a was used as the heterologous type for Group I and 3a for Group II.

fairly high, being in the dose range which caused
a relatively high incidence of post-vaccinal reactions
(see Table 2). We assume that the effect of live
Sd organisms administered orally differs significantly
from the immunological conditions induced by
natural infections, possibly owing to the fact that
Sd organisms cannot multiply in the human intestine.
The homologous serum agglutinins also showed

low non-specific titres, and the post-vaccinal
samples revealed no increase of homologous
antibody titres, as compared with pre-vaccinal
samples. In this respect oral vaccination, as expected,
proved to be ineffective in stimulating the production
of serum antibodies. However the copro-antibodies
found in the post-vaccinal stool samples of all
16 volunteers showed titres 8-32 times higher with
the homologous than with the heterologous antigen.
In post-vaccinal specimens the range of copro-
antibody titres against the heterologous strains was
the same (from 4 to 8) as that found in a group
of seven non-vaccinated individuals tested earlier
(with antigens of the same type, standardized in
the same way).
We thought that the stimulation of type-specific

copro-antibody production due to oral application
of live Sd organisms might be taken as an indication
that, in the doses applied, our vaccine might be
capable of inducing specific local immunity but not
of stimulating production of serum antibodies or
altering the " immunological status " of the whole
organism (as shown by the specific phagocytic
activity). These findings encouraged us to proceed
with preparations for a field trial in 1963.

Duration offaecal shedding of vaccinal strain
Each of the 16 student volunteers in groups I

and II and 23 of the 136 soldiers in group III (see

Tables 1 and 2) were examined to determine the
length of time during which the vaccinal organisms
were shed in their faeces.
On the average, 12 stool specimens were tested

from each person, 463 specimens being tested in all.
The data presented in Table 4 show that each of
the 16 student volunteers was tested after each of
the three doses of vaccine administered; the
23 soldiers of group II were tested after adminis-
tration of the first and third doses of vaccine only,
because the second dose was given just two days
before the third.
As shown in Table 2, the five students in group I

were fed Sh. flexneri 3a Sd, while the remaining
34 persons recorded in Table 4 received Sh. flexneri
2a Sd. Since our observations revealed no differences
between Sh. flexneri Sd 2a and 3a in the length of
shedding, Table 4 has been drawn up without
regard to the serotype administered.
Sodium bicarbonate was administered to some,

but not all, of the subjects in groups I and II before
each vaccine dose (Table 4). It was administered
haphazardly, one person perhaps receiving only
the second dose of vaccine after sodium bicarbonate,
another the first and third doses, and a third all
three doses, while yet another perhaps received no
sodium bicarbonate.

It will be seen from Table 4 that the vaccinal
organisms were never shed for more than three
days after a dose of vaccine without sodium bi-
carbonate and that often they could not be recovered
at all (0 days in Table 4 indicating that all strepto-
mycin plates were negative); the mean duration,
regardless of the dose of vaccine administered, was
approximately 0.8 days. ln contrast, the duration,
of shedding of live vaccinal organisms was signifi-
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TABLE 4
SHEDDING OF SH. FLEXNERI Sd AFTER ORAL ADMINISTRATION

Volunteers Vaccine administered Length of shedding of the vaccinalVolunteers Vaccine administered ~~~~~~~~strain(in days)
-S iu m-

No. of bicarbonate
Group No. Dose organisms Day given Minimum Mean Maximum

(x 1010)

I and lla 12 1 st 6.5 1 Given 0 3.0 5

Vaccinated with 4 Not given 0 0.8 2
i type 2a Sd or

3 Sd 10 2nd 7.3 7 Given 2 3.1 5

6 Not given 0 0.8 3

11 3rd 11.0 29 Given 2 3.3 4

5 Not given 0 0.8 2

III 23

Vaccinated with 23
type 2a Sd

20

1st

2nd

3rd

9.5

3.0

3.0

7

9

Given

Given

Given

3.0

Not tested

2.2

5

3

a No distinction Is made here between 3a Sd and 2a Sd as no difference in length of shedding was observed between the
two types.

cantly increased when sodium bicarbonate was
administered. When the vaccine dose exceeded
6 x 1010 cells, the average time during which
organisms could be recovered from the faeces was
three days.

Bearing this in mind, we decided that, in the
field trial planned for the summer of 1963, the
vaccine should be administered in five doses at
two-day intervals (i.e., every third day), so that
there would be a period of 15 days during which
the vaccinees would be exposed to uninterrupted
contact with live streptomycin-dependent Shigella
organisms. This seemed important in view of the
fact that our vaccinal Sd strain was not expected
to multiply in the human intestine.

Reactions among Shigella carriers

The soldiers in group VI (the placebo group)
were stationed in a highly endemic area, where
Sh. flexneri 2a and 4 are predominant. Only one
out of the 172 persons observed (0.6%) showed
clinically manifest Shigella infection, and his was
a case of infection with Sh. flexneri 2a.

In contrast, among the 502 persons vaccinated
with Sh.flexneri 2a Sd vaccine (groups IL, III and V),
seven cases of severe post-vaccinal reactions (1.4 %)
were observed. Six different types of shigellae were
recovered from the stools of these patients, but
none of the recovered strains was Sh. flexneri 2a.

This peculiar finding raised the possibility that
the administration of the vaccine might have
caused clinical exacerbation in carriers of hetero-
logous Shigella strains, but not in persons carrying
homologous shigellae (in this case Sh. flexneri 2a).
Other observations seem to support this hypothesis.
Three unvaccinated soldiers were shown by repeated
tests to be carriers of Sh.flexneri 2a, this strain being
isolated, indeed, from the stools of one of them on
the very day when he received his first dose of
Sh. flexneri 2a Sd vaccine. They received in all
three doses of this vaccine at two-day intervals,
each dose containing 5 x 1010 live organisms. In
contrast to the clinical exacerbation seen when
Sh. flexneri 2a vaccine was administered to carriers
of other Shigella types, none of the three carriers
of Sh. flexneri 2a exhibited any detectable symptoms.
Observation of these carriers was continued for
18 days after administration of the first dose of
the vaccine. Shedding of Sh. flexneri 2a continued
in their stools undisturbed by the vaccination, and
shedding of the vaccinal Sd strain as well was
confirmed for a few days after the last dose of the
vaccine.
Were further observations to substantiate the

hypothesis we have put forward, it would be
interesting to study why an oral live vaccine causes
clinical exacerbation in carriers of heterotypic
shigellae, while it induces no symptoms at all in
carriers of homologous Shigella types.

*~~~~~~~~
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An unused safety measure

On the assumption that an unexpected reversion
from Sd to sr, occurring in the human intestine,
could cause severe bacillary dysentery in some
vaccinees, the first strain intended for the preparation
of the live vaccine was selected as follows. Over
several months, nearly 100 Sh.flexneri 2a Sd colonies

were tested for sensitivity to oxytetracyline, and the
line revealing the greatest sensitivity was selected
for the preparation of the vaccine. We thought
that, should reversion from Sd to Sr occur, the
strain's known sensitivity to oxytetracyline would
enable us to deal with any infection effectively.
However, no opportunity arose in the field to make
use of this precautionary measure.
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RI1SUMt
Sur la base des resultats obtenus au cours de l'experi-

mentation chez la souris d'un vaccin antidysenterique
vivant administre par voie orale, differents lots de
vaccins vivants, prepares A partir de mutants de Shigella
flexneri qui ne se developpent qu'en presence de strepto-
mycine (Sd), ont ete soumis a des tests in vitro puis A
des essais chez l'homme.

In vitro, la stabilite des mutants Sd a e't6 absolue:
aucune colonie sensible ou r6sistante a la streptomycine
n'est apparue.

Les premiers essais de vaccination ont d'abord porte
sur un petit nombre de volontaires puis ont ete etendus
A un groupe de soldats, soit au total 857 personnes.
Le vaccin a ete donne par voie orale, a des doses variables
et au moins A trois reprises, generalement apres absorp-
tion de 2 g de bicarbonate de sodium.
Les examens n'ont montre aucune alteration des

fonctions organiques. Des reactions post-vaccinales
marquees, avec diarrhee, vomissements, coliques, parfois
selles muqueuses furent notees dans 1,4% des cas. Elles
survinrent chez des porteurs de Shigella heterotypiques.
On put par ailleurs 6tablir une correlation entre d'une
part l'importance de la dose vaccinale et d'autre part
l'intensite des reactions et la duree d'elimination par les

selles de la souche vaccinale. Les sujets qui requrent des
doses inferieures A 2,8 x 1010 germes ne presenterent
quasiment aucune reaction, et eliminerent la souche
vaccinale pendant moins de 3 jours; avec des doses
superieures a 6 x 1010 germes, 1'elimination se poursuivit
pendant 3 jours. On peut donc estimer qu'un schema
de vaccination par cinq doses administrees a 2 jours
d'intervalle permettrait A la souche vaccinale d'agir
pendant 15 jours environ chez l'organisme vaccine.

Les valeurs obtenues par 1'etude de I'activit6 phago-
cytaire et le titrage des anticorps seriques avant et apres
vaccination furent faibles, et tres eloignees des chiffres
que l'on observe au cours des infections naturelles A
Shigella. La vaccination par voie orale ne semble pas
stimuler la production des anticorps seriques, mais en
revanche le titrage des copro-anticorps effectue sur
les selles de 16 des sujets vaccines revela des taux 8-32
fois plus eleves pour la souche vaccinale que pour les
souches h6terologues.

Les auteurs signalent enfin que, par mesure de securite,
la souche Sd utilisee pour preparer le vaccin vivant avait
et selectionnee en fonction de sa grande sensibilit6 A
l'oxytetracycline, afin de parer A un eventuel regain de
virulence.
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