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Studies on Vaccination against Bacillary Dysentery
3. Effective Oral Immunization against Shigella flexneri 2a in a Field Trial

Colonel DAVID M. MEL, M.D.,' ALEKSANDAR L. TERZIN, M.D.2
& Colonel LJUBOMIR VUKSIC, M.D."

In May 1963 a live vaccine preparedfrom streptomycin-dependent Shigella flexneri 2a
was administered to 355 soldiers stationed in an area of Yugoslavia in which bacillary
dysentery was hyperendemic. Five oral doses were given every third day. 382 unvaccinated
soldiers from the same unit served as controls. Both groups were closely followed up until
16 September.

Examination of 1637 rectal swabs from the vaccinated and control groups indicated that
vaccination did not affect the carrier rate. The morbidity from shigellae of serotypes not
contained in the vaccine was the same in the two groups ; but Sh. flexneri 2a caused dysentery
in 5.5 % of the control group but in none of the vaccinated soldiers-a statistically signifi-
cant difference.

A similar vaccine, given in a much lower dose, was also tried among soldiers of another
unit; the dose was insufficient to confer protection.

The authors conclude that the results of these field trials justifyfurther studies with live
Shigella vaccine.

In a previous communication (Mel, Papo et al.,
1965 4) we reported on the vaccination of groups of
civilian volunteers and soldiers with different pre-
parations of live oral Shigella flexneri vaccine.
These groups were in different areas of the country.
Two of the groups of vaccinated soldiers, designated
groups IV and V in the earlier report, were exposed
to natural infections with shigellae in endemic

areas; these two groups were observed for morbidity
rates for a period of nearly four months and com-
parable control groups of unvaccinated soldiers
in the same environment were observed simulta-
neously.

This communication reports on the protective
efficacy of our vaccine against natural bacillary
dysentery infections in man.

FIELD TRIAL WITH EXPERIMENTAL GROUP V

MATERIALS AND METHODS

Plan of the field trial
The area chosen for the vaccine trial was known

to be one where bacillary dysentery is hyperendemic.
The morbidity rates among the civilian population
in this area have been described in detail by Madjaric
& Zdravkovic (1963).
Although the strength of the garrison where these

'Military Medical Academy, Belgrade, Yugoslavia.
2 Professor of Microbiology, Faculty of Medicine, Novi

Sad, Yugoslavia.
aProfessor of Epidemiology, Military Medical Academy,

Belgrade, Yugoslavia.
4 See the article on page 637 of this issue.

trials were conducted fluctuated, shigellosis had
remained at a fairly constant level of endemicity
over the five-year period 1959-63, outbreaks gene-
rally flaring up in the second half of May and
reaching their peak in June or July, the morbidity
then subsiding to an endemic level about the middle
of September. The peak incidence in 1963 was
somewhat higher than in the previous years and was
reached at about the end of July.

In the field trial a total of 737 individuals was
observed; 355 of these were vaccinated 5 and 382
served as controls. Although, as reported in our
previous paper (Mel, Papo et al., 1965 4) 172 of the

6 These 355 constitute group V proper.
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TABLE I
COMPOSITION OF EXPERIMENTAL UNITS AND NUMBERS

OF DYSENTERY CASES OBSERVED

Experimental unit

A B C D E F a Total

Vaccinated soldiers

No. of soldiers in unit 67 - 69 - 49 170 355

No. of dysentery cases 6 0 5 0 3 23 b 37

No. of Sh. flexneri 2a dysentery cases 0 0 0 0 0 0 0

Unvaccinated soldiers (controls)

No. of soldiers in unit 17 90 18 76 39 142 382

No. of dysentery cases 0 25 0 9 2 27 b 63

No. of Sh. flexneri 2a dysentery cases 0 8 0 3 2 8 b 21

a Unit F was composed of several smaller units (see text).
b These cases were evenly distributed among the smaller units constituting unit F.

382 unvaccinated soldiers received a placebo 1 and
the remaining 210 received nothing, there were no
differences in the morbidity rates of these two
categories and they are therefore treated here as
a single control group.

Allocation of experimental units to vaccinated and
unvaccinated groups

The data in Table 1 refer to five large experimental
units (designated A, B, C, D and E) and several
smaller units of about 30 soldiers each which have
been lumped together and designated unit F. In
units A, C and E, and in some of the small groups
constituting unit F, some soldiers were vaccinated
and others not. In units B and D none of the
soldiers was vaccinated.

Units C and D occupied the ground floor, and
units A and B the upper floor of a two-storey build-
ing. Units located on the same floor were separated
by corridors. Unit E occupied a separate building
made up of two large rooms. All 49 soldiers in the
first room were vaccinated, and the 39 in the second
room served as controls.
The small groups constituting unit F each occupied

separate rooms in two additional buildings. Vaccina-
tion was performed on the soldiers occupying each
alternate room in these two buildings (a total of
170 men), the remaining 142 soldiers in the other
rooms being left unvaccinated to serve as controls.

I These 172 constitute group VI.

Each of these four buildings has its own sanitary
facilities, which were used by all the soldiers in the
building concerned. The food was prepared for all
six units in a single kitchen, common to all. Food
was served in three dining-rooms: one for units A
and B, another for units C and D, and a third for
unit E; the small groups constituting unit F were
assigned permanent seats in one or another of the
three dining-rooms. The diet and other living con-
ditions were the same for all the 737 soldiers of the
six units.

Vaccination
As described in our previous paper, the vaccine

was prepared from live streptomycin-dependent
Sh. flexneri 2a organisms. It was administered
orally five minutes after treatment with sodium
bicarbonate on 24, 27 and 30 May and 2 and 5 June
in individual doses containing 4.9 x 1010, 4.0 x 1010
3.0 x 1010, 4.2 x 1010 and 3.0 x 1010 live orga-
nisms respectively in 30 ml of saline. The post-
vaccinal reactions have been described in the pre-
vious report.

Recording of carrier rates

Investigations into the carrier rate were conducted
from 9 May to 16 September. Rectal swabs were
taken from the majority of the soldiers under
observation on 9, 15 and 22 May, 11 June, 2 and
20 July, 5 and 22 August and 16 September. As
soon as they were taken, the swabs were seeded on
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to SS plates. Suspect colonies were transferred to
Russell's double sugar agar, and the preliminary
diagnosis was confirmed by the slide agglutination
test. All Shigella cultures isolated in the field were
transported to our central laboratory in Belgrade,
where final identification of the isolated organisms
was made by testing each culture for purity, bio-
chemical activity, and agglutination with type-
specific test sera.

Recording of morbidity rates

Observation of morbidity rates in the vaccinated
and unvaccinated soldiers began on 1 June, i.e., one
day after administration of the third dose of vaccine,
and lasted until 16 September. The fifth and last
dose of vaccine was given on 5 June. All soldiers
in the study were instructed to report any discomfort
or diarrhoeal symptoms. Those found to be sick
were hospitalized immediately. A stool specimen
and a rectal swab were taken from each sick soldier
on the first day of his hospitalization, and SS and
streptomycin plates were seeded immediately.
Stool specimens of all patients were seeded daily
until a positive bacteriological diagnosis could be
established or until treatment with antibiotics began.
As soon as the isolation of a Shigella strain was
confirmed (usually on the second or third day of
hospitalization), appropriate treatment was given.
When a diagnosis of dysentery could be made on
the basis of characteristic clinical symptoms but no
bacteriological confirmation could be obtained by
the third day of hospitalization, the patient was
treated with antibiotics, and the case was classed as
one of clinical dysentery without bacteriological
diagnosis. Out of a total of 100 dysentery cases
diagnosed, 71 were bacteriologically confirmed.
For the purposes of this field trial clinical dysen-

tery was considered to be diarrhoea with the evacua-
tion of " two or more soft or liquid stools within
12 hours or a single soft or liquid stool containing
blood, pus, or mucus" (Cvjetanovic, 1963).

RESULTS

Vaccination and carrier rate
Details of the 1637 swabs taken on nine occasions

between 9 May and 16 September are given in
Table 2 according to the number taken from each
soldier before and after the vaccination period.
Comparable proportions of the 285 soldiers

tested before vaccination were drawn from the
vaccinated and unvaccinated groups. As may be

TABLE 2
NUMBER OF RECTAL SWABS TAKEN FROM

EACH OF 737 SOLDIERS

Number of soldiers
No. of _____-Total
swabsAfevacnto nubrftaken per Before -_aAfter vaccination n bof
soldier vaccina- Vaccinat- Un- swabs

tion ed vaccinated

o a 452 137 55 0

1 79 61 175 315

2 62 74 116 504

3 144 64 29 711

4 - 17 6 92

5 - 2 1 Is

Total 737 355 382 1 637

a No swabs tested.

calculated from Table 2, during the whole period of
about 130 days an average of 2.2 swabs were taken
from each of the 737 soldiers. Many were tested
three, four or five times, and about 60 were never
tested.

Table 3 shows the numbers and percentages of
Shigella-positive, symptomless carriers. Those car-
riers who experienced clinical exacerbation after
administration of the first, second or third dose of
the vaccine have been discussed in the previous paper
(Mel, Papo et al.. 1965 1) and are not included in this
table. For purposes of a separate study all carriers
were retested on several occasions; some were
positive twice, and some, more exceptionally, three
times. Such reisolations are not shown in any of the
tables in this report, which show only the first
isolation from any carrier.
The proportions of rectal swabs from which

Sh. flexneri 2a were isolated were 9/635 (1.42%)
before vaccination, 11/523 (2.11 %) from unvaccin-
ated soldiers in the post-vaccination period, and
11/479 (2.30%) from the vaccinated soldiers. The
corresponding proportions of Sh. flexneri 2a carriers
were 9/285 (3.16%), 11/327 (3.37%) and 11/218
(5.04%) respectively.
The data in Table 3 may be subjected to different

statistical analyses, but their essence can be grasped
from a study of Fig. 1, which has been prepared
from those data. It is obvious from this figure that
the frequency of Sh. flexneri 2a carriers is practically

1 See page 637 of this issue.
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FIG. 1
CUMULATIVE PERCENTAGE OF SHIGELLA CARRIERS

9 MAY TO 16 SEPTEMBER 1963
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identical in the vaccinated and unvaccinated groups.
The frequency of carriers of other shigellae appears
from the graph to be somewhat higher in the
vaccinated than in the unvaccinated group after
5 August, i.e., about two months after the last dose
of vaccine, but the difference is not in fact statistically
significant.

Table 4 shows the distribution of different Shigella
serotypes among carriers before and after vaccina-
tion; there was no significant difference between the
vaccinated and the unvaccinated.
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It is apparent from Tables 3 and 4 that the
frequency of Sh. flexneri 2a carriers remained
relatively constant while that of Sh. flexneri 4 and
other serotypes showed a seasonal increase. How-
ever, that the vaccine did not affect the carrier rate
regardless of serotype is indicated by the absence of
any difference in that respect between the vaccinated
and unvaccinated groups of soldiers.
Vaccination and morbidity
Table 5 and Fig. 2 show the diagnosed cases of

bacillary dysentery at 15-day intervals over the four-
month observation period. A total of 100 cases
was diagnosed, of which 37 occurred in the vaccina-
ted and 63 in the unvaccinated group. Cases due
to serotypes other than Sh. flexneri 2a appeared
with comparable frequency among the vaccinated
and the unvaccinated soldiers, and the unvaccinated
group showed a fairly high number of cases due to
infection with Sh. flexneri 2a. In contrast, not a
single case of dysentery due to Sh. flexneri 2a was
observed among the 355 vaccinated soldiers during
the period of observation.

TABLE 4
SHIGELLA CARRIERS ACCORDING TO SEROTYPE

After vaccination
Before

Serotype vaccina- Un- Vaccinat- Total
isolated tion vaccinated ed

(9-22 May) (11 July- (11 July-
16 Sept.) 16 Sept.)

Sh. flexneri 1 0 3 0 3

Sh. flexneri 2a 9 11 11 31
(1.42 %) (2.11 %) (2.30 %)

Sh. flexneri 3a 1 1 2 4

Sh. flexneri 4 0 12 19 31

Sh. flexnerl 6 0 1 5 6

Sh. sonnel 0 1 2 3

Sh. schmitzi 0 2 0 2

Sh. boydi 1-7 0 4 2 6

All serotypes 10 35 41 86
(1.58 %) (6.70 %) (8.56 %)

No isolations 625 488 438 1 551

TABLE 5
SHIGELLA MORBIDITY AT FORTNIGHTLY INTERVALS

June July August September

1-14 15-30 1-14 15-31 1-14 15-31 1-14

355 vaccinated soldiers

Sh. flexneri 2a dysentery
No. 0 0 0 0 0 0 0

Other dysentery
No. 3 2 7 14 6 4 1
% 0.8 0.6 2.0 4.0 1.7 1.1 0.3

Total dysentery
No. 3 2 7 14 6 4 1

0.8 0.6 2.0 4.0 1.7 1.1 0.3

382 unvaccinated soldiers a

Sh. flexneri 2a dysentery
No.

Other dysentery
No.

Total dysentery
No.

1
0.3

0

0.3

0.3

4
1.0

5
1.3

5
1.3

10
2.6

15
3.9

6
1.6

15
3.9

21
5.5

3
0.8

6
1.6

9
2.4

3
0.8

6
1.6

9
2.4

2
0.5

I
0.3

3
0.8

a 172 were given a placebo; the remaining 210 received nothing (see text).
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FIG. 2
CUMULATIVE SHIGELLA MORBIDITY,

1 JUNE TO 14 SEPTEMBER 1963

1-14 15-301 1-14 15-31 1-14 15-31 1-14
woo 50016

June July August September

TABLE 6
SHIGELLA MORBIDITY ACCORDING TO SEROTYPE,

1 JUNE TO 16 SEPTEMBER

FVaccinat- F Un-
Diagnosis ed vaccinated Total

Sh. flexneri 1 1 0 1

Sh. flexneri 2a 0 21 21
(0.0 %) (5.5 %) (2.8%)

Sh. flexneri 3a 1 2 3

Sh. flexneri 4 13 20 33

Sh. flexneri 6 1 1 2

Sh. sonnei 0 2 2

Sh. schmitzi 1 0 1

Sh. boydi 1-7 5 3 8

Clinical diagnosis only 15 14 29

All dysentery cases 37 63 100
(10.4 %) (16.5 %) (13.6 %)

No dysentery 318 319 637
(89.6 %) (83.5 %) (86.4 %)

Total 355 382 737

morbidity due to Shigella serotypes other than
Sh. flexneri 2a was the same in the vaccinated and
in the unvaccinated groups, whereas that due to
Sh. flexneri 2a differed significantly between the two
groups (X2 = 22.9; P<0.001).
From Table 7, it may be concluded that the

vaccination prevented infections with Sh. flexneri 2a
in soldiers under field conditions in which unvaccin-
ated controls revealed a relatively high morbidity,
but that the same vaccine had no effect on the
morbidity due to other Shigella serotypes. The
significant differences between the two groups of

Sh. flexneri 2a dysentery; vaccinated group.
Sh. flexneri 2a dysentery; unvaccinated group.
Other Shigella dysentery; vaccinated group.

Other Shigella dysentery; unvaccinated group.

Table 6 shows the specific morbidity according
to Shigella serotype. There was no significant
difference between the vaccinated and unvaccinated
soldiers for any serotype except Sh. flexneri 2a,
which was responsible for a 5.5% morbidity rate
among the unvaccinated as against no case among
the 355 vaccinated soldiers.
The data in Table 7 and the statements of statis-

tical significance shown there indicate that the

TABLE 7
COMPARISON OF MORBIDITIES AMONG
THE VACCINATED AND UNVACCINATED

Dysentery cases

Group All
cases Sh. Other Clinical

Total |lex2ari Shigella diagnosis2a ~~~only
Unvaccinated 382 a, b 63 a 21 b 28 14

Vaccinated 355 a, b 37 a 0 b 22 15

a x2= 5.17 (P-0.025).
b X2 = 22.9 (P<0.001).
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soldiers in the morbidity due to all Shigella types
can be attribitted entirely to the protection afforded
against infection with Sh. flexneri 2a.
On considering the data in Table 7 the reader may

ask to what extent our conclusions would be affected
if some of the clinically diagnosed dysentery cases
which were not bacteriologically confirmed had in

fact been caused by Sh. flexneri 2a. Assuming that
as many as 50% of such cases in the two groups of
soldiers had been due to Sh. flexneri 2a, the X2 test
applied to the resulting 7 or 8 cases among the
vaccinated and 28 cases among the unvaccinated
would still show a statistically significant difference
(P = 0.005).

FIELD TRIAL WITH EXPERIMENTAL GROUP IV

The area in which group IV was stationed was
known to be one where bacillary dysentery was ende-
mic, although with a lower prevalence among the
civilian population than the area in which group V
was garrisoned. As described in the previous paper
(Mel, Papo et al., 1965 1), the vaccine administered
to group IV consisted of a mixture of Sh. flexneri
1 Sd, 2a Sd and 3a Sd administered to each of the
350 recipients in three doses. The details of this
vaccination schedule have been given in the paper
cited; suffice it to say here that the total number of
organisms of all three serotypes administered to each
person in group IV amounted to 6.7 x 1010 (i.e.,
nearly one-seventh that given to group V), and that
the total number of Sh. flexneri 2a Sd per person
(this type was given in only two of the three doses
to group IV) amounted to only 1.7 x 1010 (i.e., less
than one-eleventh of the amount given to group V).
A further 350 unvaccinated soldiers belonging to the
same units served as controls.
Although group IV was not so thoroughly studied

as group V, the three-month observation period
gave the following clear results.

(1) As discussed in the previous paper,
post-vaccinal reactions were apparently absent in
group IV, which received far fewer organisms
than group V.

(2) The morbidity rates due to Sh. flexneri sero-
types contained in the trivalent vaccine that were
observed in the vaccinated group were indistinguish-
able from those in the unvaccinated group.

(3) The doses of trivalent vaccine were not suffi-
cient to confer detectable protection against natural
Shigella infection. This fact may be related to the
finding described in the previous paper-namely,
that a positive correlation exists between the number
of organisms administered and the length of time
the vaccinal strain is passed in the faeces. This in
turn may depend upon the length of time during
which the recipients are exposed to the vaccine.
Also, in experiments with mice maintained on
Freter's regimen, it was found that the protective
capacities of live vaccines administered orally
depend on the number of organisms given per mouse
(Mel et al., 1965 2).

DISCUSSION

Several questions of the utmost interest remain
to be answered by more extensive field trials that are
planned.

First, it must still be determined whether strains
of other Shigella serotypes, administered in the doses
that proved effective with Sh. flexneri 2a Sd, would
also confer protection.

Secondly, even with the effective Sh. flexneri
2a Sd vaccine, the length of time for which protection
is conferred remains to be studied.

Thirdly, although careful clinical observations
(Mel, Papo et al., 1965 1) have shown that oral

1 See the article on page 637 of this issue.

administration of Shigella vaccine, even in single
doses of 11 x 1010 organisms per volunteer, or in
three doses totalling 24.8 x 1010 organisms per
volunteer, had no untoward effect on healthy
individuals, it nevertheless remains to be ascertained
whether there are any contra-indications to the oral
administration of streptomycin-dependent Shigella
vaccine. On theoretical grounds it appears to us
advisable to avoid the administration of strepto-
mycin during the 15-day period of vaccination.

Fourthly, whereas it was shown in the previous
paper1 that clinical exacerbation of carriers of

2 See the article on page 633 of this issue.
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heterologous Shigella strains may be provoked by
certain doses of vaccine, further studies are needed
to provide more definite indication that this is not
true of homotypic carriers. From the epidemio-
logical point of view the clinical exacerbation of
symptomless carriers by vaccination would appear
to have certain advantages, in that it would facilitate
the detection and adequate treatment of these
individuals.

Finally, one of the greatest difficulties we expe-
rienced in this field trial was the production of
adequate amounts of vaccine in a field laboratory.
Batches of vaccines produced in our central labor-
atory in Belgrade and transported to the field
frozen, lyophilized or preserved in other ways will
now be compared, and an effort will be made to
determine whether the viability of the Shigella
organisms in the vaccine is essential to its protective
activity.

Regardless of what may be the answer to any of
he above questions, the fact remains that, in the

doses administered to experimental group V, our
vaccine prepared from streptomycin-dependent
strains of Sh. flexneri 2a did confer a significant
degree of protection never previously demonstrated
with other Shigella vaccines. This would appear to
justify further experiments, not only with shigellosis,
but also with biochemical mutants (with special
nutritional requirements) of other enteric Gram-
negative organisms, including cholera vibrios and
salmonellae, and possibly also even with trachoma
or inclusion conjunctivitis agents.
The organisms suitable for such trials seem to be

those from which stable auxotrophic mutants can
be selected that require substrates physiologically
absent from the human body. Experimenting with
live vaccines appears to be an attractive approach,
especially in view of the fact that with some
organisms the production of attenuated strains of
reliable stability and satisfactory protective capacity
still seems to be very much a matter in which the
chances of success are unpredictable.

POSTSCRIPT

Since the manuscript of this paper was prepared, extensive field trials conducted with similar vaccines
prepared from different Shigella serotypes have confirmed the results and assertions contained in this report. This
work will be described in a paper to be published.
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RJESUMIt
Un vaccin vivant A base de Shigella flexneri 2a qui ne

se multiplient qu'en presence de streptomycine (Sd) a ete
administre, en mai 1963, A 355 soldats casemes dans
une r6gion de Yougoslavie ou la dysenterie bacillaire est
hyperendemique. Le schema de vaccination a comport6
5 prises orales, une tous les trois jours. Un groupe
temoin de 382 soldats n'a requ aucun vaccin.
Avant et au cours des 3 mois suivant la vaccination,

1687 echantillons de selles furent preleves et examines.
Dans les deux groupes, le pourcentage des porteurs
asymptomatiques de Sh. flexneri 2a etait, avant la vacci-
nation, de 3,16%. Dans la periode post-vaccinale, il etait
chez les soldats non vaccines de 3,37% et de 5,04% chez
les vaccines. Une constatation identique fut faite en ce
qui conceme les porteurs de Shigella appartenant A des
serotypes autres que la souche vaccinale.

Cent cas de dysenterie furent diagnostiques: 37 chez

les sujets vaccines, 63 dans le groupe t6moin. Les infections
dues a des serotypes autres que Sh. flexneri 2a furent
d'egale frequence dans les deux groupes, mais en
revanche, la morbidite due au type 2a fut de 5,5% chez
les non vaccines et nulle chez les vaccines, cette difference
etant significative.
Un autre contingent de 350 soldats recut un vaccin

polyvalent contenant des Sh. flexneri des groupes 1, 2a
et 3a A des doses beaucoup moins elevees. Il n'y eut
aucune reaction post-vaccinale ou exacerbation clinique
chez les porteurs asymptomatiques, mais le dosage
utilise, trop faible, ne confera aucune protection et
n'entraina aucune diminution du taux de morbidite.

Les resultats obtenus jusqu'I present par l'emploi du
vaccin vivant prepare avec la souche Sh. flexneri 2a Sd
plaident, selon les auteurs, en faveur de recherches
ulterieures.
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