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Laboratory Tests on the Effectiveness of Oral
Vaccination of Young Children against Typhoid

and Paratyphoid A and B
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& ORTANSA ZARMA 5

In Romania, pre-school children are excluded from subcutaneous inoculation with
typhoid and paratyphoid A and B vaccine. The authors have therefore investigated the
possibility ofgiving them an oral vaccine. Laboratory tests were carried out on 30 children
from 3 to 7 years ofage. Samples ofblood serum were collected before and after vaccination
and subsequently tested for (1) seroprotection in chick embryos, (2) seroprotection in
white mice, (3) titration of the agglutinating antibodies, and (4) electrophoretic pattern.

The results obtained showed that the oral administration of the vaccine can, under the
conditions used in the test, afford a considerable degree of protection to young children.

The extension of typhoid and paratyphoid A and
B vaccination in Romania during the past few
years and a general improvement in sanitation have
contributed to a decrease in morbidity from typhoid-
paratyphoid fevers.
Not all age-groups have benefited equally from

this decrease, however, since a shift of the incidence
of infection towards the lower age-groups has
frequently been observed.
The explanation probably lies in the fact that

TAB vaccination is less frequently carried out
among schoolchildren and is almost never adminis-
tered to pre-school children, who are excluded from
the current vaccination schedules.
Although morbidity is generally less serious in

children than in adults (Nicolau et al., 1960;
Vahlquist, 1956; Nelson, 1961), children should
not be excluded from antityphoid immunization,
especially those living in endemic areas liable to
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sporadic outbreaks of typhoid tever or in closed
communities.
The exclusion of younger children from vaccina-

tion is due not only to the benign character of the
disease at this age, but also to the difficulty of
administering the vaccine subcutaneously.
For this reason, and in view of the need to

estimate the efficacy of oral vaccination (European
Technical Conference . . . 1960), we decided to
study the extent to which pre-school children might
benefit from orally administered vaccine. Oral
vaccination is easier than subcutaneous vaccination
and offers additional advantages.6

Evaluation by laboratory methods of the effective-
ness of antityphoid-paratyphoid vaccination is still
far from fully developed. This is due partly to the
impossibility of putting into practice a test of viru-
lence in man and partly to the lack of a suitable
laboratory animal that can be infected as man is,
and that is able to reproduce human typhoid fever.
The laboratory tests, both in vitro and in vivo,
generally used for estimating the immunizing value
of a vaccine (titration of serum antibodies from
vaccinated rabbits, and the active and passive
protection test in mice with sera from previously

' The oral route avoids postvaccinal reactions and inocu-
lation hepatitis, and it is particularly appropriate for subjects
presenting medical contra-indications to subcutaneous
vaccination.
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immunized rabbits) are limited by the fact that the
results obtained from them cannot strictly be related
to the immunizing conditions in man. From this
point of view, the seroprotective tests in chick
embryos and mice carried out with sera of vaccinated
individuals seem to be less liable to criticism.
There can be no doubt that these tests are open

to the argument that errors may arise in transferring
to man the results obtained from animals that do
not reproduce human typhoid fever; nevertheless,
the fact that the experiment is carried out on samples
of serum from the vaccinated subject himself brings
one nearer to eliminvting the above shortcoming. At
the same time, the chick embryo, which is very
sensitive to Salmonella, offers the advantage of a real
test of virulence as well.
On the other hand, it is just as true that these

tests give indications only of the humoral immunity,
which constitutes only a part of the problem of
antityphoid immunity. Since a direct test for local
tissue immunity has not yet been developed, one
is obliged to make use of laboratory methods, which
are in fact capable of providing valuable indications.
The above considerations determined our choice

of seroprotective tests in chick embryos and mice,
using the sera of vaccinated children.
On the samples of sera used for the seroprotective

tests, we carried out, in parallel, titrations of the
agglutinating antibodies and paper-electrophoresis
investigations.

MATERIALS AND METHODS

The experiment was carried out on 30 children
ranging from 3 to 7 years of age. These children
were normally developed and shared the same
conditions of life, and they had never received a
TAB vaccination. They had no history of any
previous typhoid-paratyphoid infection.
A fluid corpuscular TAB vaccine was used,

inactivated by heat (1 hour at 56°C for Salmonella
typhi and S. paratyphi A; 1 hour at 58°C for S.
paratyphi B) and alcoholized 20%. The concentra-
tion was approximately 15 x 109 bacteria per milli-
litre (10 x 109 S. typhi, 2.5 x I0 S. paratyphi A. and
2.5 x 109 S. paratyphi B). The suspensions of
bacteria were obtained by the saline washing of
S. typhi, S. paratyphi A and S. paratyphi B cultures
on solid medium (gelose 4%) prepared with yeast
autolysate and stored 18-20 hours at 37°C.
The composition of the vaccine included nine

strains of S. typhi (Ty 2 and eight native strains
isolated from recent epidemics), five of S. paratyphi

A (PA ?QO and four native-strains) and four S.
paratyphi B strains (PBH 3 and three native strains).
The vaccine, prepared two years previously,

was stored until use at 4°C.
Each child received one 10-ml dose of vaccine

with sugar on three consecutive mornings before
breakfast. One month later the children w .re
revaccinated with doses three times greater, accord-
ing to the same schedule. The vaccine was well
tolerated, and no postvaccinal accidents were
noticed.
Both before vaccination and 20 days after the

primary vaccination, blood samples were collected
by venepuncture. The same sampling was carried
out 20 days and three months after revaccination.'
Forty-eight hours after each of the above samplings,
the 30 samples of sera were mixed in equal parts,
and, after checking for contamination, the resulting
fluid was used for the laboratory tests.
From the time the sera were pooled to the moment

the seroprotective tests were carried out, the mixtures
were stored at -20°C. The day before the experi-
ment, serum samples were transferred from -20°C
to +4'C and maintained at this temperature until
the second day.
The seroprotective power in chick embryo was

tested three times. The first test was carried out seven
days after the second sampling, the second test seven
days after the third sampling, and the third test seven
days after the last sampling.
The technique recommended by Grabar & Le

Minor (1951) and Grabar (1956) was used, with the
difference that the infecting doses were administered
not on the chorio-allantoic membrane but in the
allantoic cavity.

In further contrast to the technique mentioned
above, the embryonated eggs were not opened three
days after their inoculation but were checked every
day in the ovoscope until the date of hatching
(incubation at 37°C). The eggs whose embryos were
motionless and no longer had blood vessels were
opened under aseptic conditions and their con-
tents seeded on adequate media. The developed
cultures were identified by slide agglutination, thus
enabling us to state that in the majority of cases the
death of the embryos occurred within three days of
inoculation. However, there were also cases in
which death was noticed on the fourth, fifth or sixth
day. These observations indicated that the daily
control of the eggs after inoculation contributed to

1 Since it was not possible to keep the group complete,
investigations at longer intervals were not performed.
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the accuracy of the test. For testing the protective
power of the sera in chick embryo, we used 1250
embryonated eggs, not always from the same breed
ot nens.
The seroprotective effect in white mice was

similarly studied in three experiments: the first
12 days after the second sampling of blood, the
second 12 days after the third sampling, and the third
12 days after the last sampling, using a total of 550
white mice (H strain) of 16-18 g from the same
breeding.
The seroprotection tests, for each sample of

mixed sera, were carried out on groups of six
embryonated eggs and six white mice by administer-
ing, in the allantoic or the peritoneal cavities
respectively, saline solutions containing increasing
concentrations of bacteria 1 mixed with constant
quantities of serum.
The samples of serum were diluted in the ratio 1 : 5

before being mixed (in equal volumes) with the
suspensions of bacteria. The volumes of inoculum
were 0.2 ml for the embryonated eggs and 0.5 ml for
the mice. The control groups received the same
doses of bacteria simply suspended in isotonic saline.

After the period of observation, the degree of
virulence was estimated in terms of the LD50 values,
both for the control groups and for the groups
inoculated with mixtures of bacteria and serum.
It should be mentioned that observations were made
on the white mice three days after inoculation, and
the death-rate was noted daily.
The protective effect of the sera was tested against

the following three bacterial strains (which were also
present in the vaccine): S. typhi Ty 2, S. paratyphi
A Demetru and S. paratyphi B 719. For S. paratyphi
A we did not effect the seroprotection test in mouse,
this bacterium displaying a very slight virulence for
the mouse.
The statistical significance of the data resulting

from the seroprotective tests was deduced according
to the method developed by Litchfield & Wilcoxon
(1949), as described by Bonet-Maury, Jude & Ser-
vant (1954).

Titration of serum agglutinating antibodies (0,
H and Vi) was carried out according to the standard
technique, the dilutions of serum ranging from 1/25
to 1/1000. As antigens we used 0, H and Vi sus-
pensions prepared in the Cantacuzino Institute.

'The concentrations were increased in geometric pro-
gression, with the ratio 5 for the embryonated eggs and the
ratio 2 for the mice. The number of living inoculated cells
was estimated by plating and by seeding bacterial suspensions
in fluid media (Calmette et al., 1948).

The readings were taken after an incubation of
2 hours at 52°C for the H agglutination, of 20 hours
at 520C for the 0 agglutination, and of 2 hours at
37°C and 18 hours at laboratory temperature for the
Vi agglutination. We considered as negative those
sera that displayed an agglutination end-point
lower than 1/25 for the H or 0 agglutinins and 1/10
for the Vi agglutinins.
The determination of the electrophoretic patterns

of the protein fractions of the sera was carried out
in the following way:

Whatman No. I filter-paper was used, divided
into strips 22 cm long and 3.5 cm wide.
The strips were placed in an electric field with

a gradient of 11 volts per centimetre.
0.01 ml of a particular sample of serum was

deposited on a given strip, five samples being
measured in this way simultaneously.
The time of migration was 6 hours.
After drying for 10 minutes at 100°C, the protein

spots were stained with amidoblack 10 B.
The electrophoretic patterns were evaluated

numerically with the aid of a Beckman recorder.

Electrophoresis studies were carried out on each
sample of mixed sera on the third, fourth and sixth
days after blood sampling, and the average value
was calculated.
The serum samples destined for electrophoresis

were maintained at 4°C until the experiment was
started.

RESULTS AND DISCUSSION

Tables 1 and 2 give the results of the seroprotection
tests in chick embryos and white mice respectively.

Table 1 shows the very marked degree of virulence
manifested towards the chick embryo by the
S. typhi, S. paratyphi A and S. paratyphi B strains
used in the experiment. The chick embryo is
sensitive to a single bacterial cell.

Similarly, comparing the r values of both tables,
one may see that in general they are much higher
in the chick-embryo test than in the white-mouse
test.
These observations (and the fact that the pro-

tective capacity of the sera against S. paratyphi
A can be demonstrated only in the chick embryo)
lead us to conclude that the chick-embryo test is
more sensitive and has wider possibilities than the
white-mouse test.
From Table 1 it may be seen that the sera of the

children before vaccination had a significant pro-
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TABLE 1
SEROPROTECTION TESTS IN CHICK EMBRYOS a

Bacterial strain on which test was carried out

Compared S. typhi Ty 2 S. paratyphi A Demetru S. paratyphi B 719
batches Signif- Signif- Signif-

LDso fD r icance LD50 fD r icance LD5o fD r icance

Control 0.6 2.1 145 S
2.5 130 000 S

1.1 2.4 2.7 NSSerum 2.7 1.7 130000 2.0 3.0 2.4

E
a Control 0.6 2.1 52 1 2.5 1200002.41E

Serum
ol

312 1.5
520

1 200 000 2.5
1 200 000 S

6:0 1.9
5.5 S

(I)

U. Serum 2.7 1.7 115 S 130000 2.0 S 3.0 2.4 2.0 NS
Serum II 312 1.5 5 200 000 2.5 6.0 1.9

Control 0.8 3.7 12 S1.2 3.0 370 S 1.5 3.0 33 NSerum 10 2.0 12 4500 2.4 3750 [

5.0 3.0
| NS

Control 0.8 327 1.2 3.0 680000 5 1.5 3.0

O Serum I 10 2.0 ~~69 S 4500 2.4 18 S 5.3.01 S

tn Serum II 558 2.5 6 820000 3.5 80 2.3

Cl Control 0.8 3.7 48 1.2 3.0 300 1.5 3.0 5
a Serum III 375 2.5 470 000 3.5 78 2.3

0
U
a Serum 10 2.0 4 500 2.4 5.0 3.0

Serum 11 558 2.5 56 S 820000 3.5 12 S 80 2.3 1

Serum 10 2.0 37 4 500 2.4 104 S 5.0 3.0 15.6 SSerum liI 375 2.2 470 000 3.5 78 2.3

Control 0.5 1.6 18 S 0.7 2.8 2.
S 152 3.6

2 NSSerum 9 1.6 60 2.8 852.2 3.6 2 N

Control 0.5 1.6 250 S 0.7 2.8 9 285 S NDSerum 125 1.5 6I500 2.8

Control 0.5 1.6 220 S 0.7 2.8 17143 S 1.2 3.6 5-8 NS
2 Serum III 110 1.4 12000 2.8 7.0 2.4
E
a) Control 0.5 1.6 10 S0.7 2.8 125 1.2 3.6'- -

14 S 14 28 S 1 1 S

c Serum IV 70 1.4 10 000 1.9 14 2.4

F- Serum I 9 1.6 13 S 60 2.8 108 S ND
Serum 11 125 1.5 6 500 2.8

Serum I 9 1.6 12 S 60 2.8 200 S 2.5 3.6 2.8 NS
Serum III 110 1.4 12000 2.8 7.0 2.4

Serum I 9 1.6 77 S 60 2.8 166 S 2.5 3.6 |54 NS
Serum IV 70 1.4 10000 1.9 14 2.4

a LD5o = lethal dose 50% expressed in number of living bacteria.
fD = factor of confidence of LDso (Litchfield & Wilcoxon, 1949).
r = ratio of the two LDso values.
I = sample of mixed sera before vaccination.
II = sample of mixed sera 20 days after vaccination.
III = sample of mixed sera 20 days after revaccination.
IV = sample of mixed sera 3 months after revaccination.
S = significant at 5% level of probability.
NS = not significant at 5% level of probability.
ND = not done (since the available quantity of serum 11 was insufficient.)
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TABLE 2
SEROPROTECTION TESTS IN WHITE MICEa

Bacterial strain on which test was carried out

Compared S. typhi Ty 2 S. paratyphi B 719
s_

LbthD5 fD r Significance LDso fD r Significance
(xlG') i of r (x 1 6) iDrofr

Control 20 2.1 43.3 NS 3 1.9 3.9 NSh Serum 67 2.6 NS 133 3.4
E
a Control 20 2.1 34 1.9 5
x Serum 11 131 2.6 148 2.2

LL. Seruml 67 2.6 133 3.4 ND1 NS
Serum 11 131 2.6 1.9 N 148 2.2

Control 9 1.8D N 15 1.9 8.7 SSerum 25 3.0 2.7 NS 131 1.9

Control 9 1.8 15 1.9 87 5
a Serum II 85 3.0 131 1.9

Control 9 1.8 15 1.9 105
Serum III 64 3.0 71163 1.9

C0
0
u
a) Serum 25 3.0 NS131 1.910N
cr Serum II 85 3.0 3. S131 1.9 10N

Serum 25 3.0 2. S131 1.9 1.2 NS
Serum Ill 64 3.0 2.5 3 163 1.9

Control 11 1.6 10920 1.7 135

S = significant at 5% level of1probability.

C Serum III 120 1.9 270 2.4

o. Control 1 1 1.6 20 1.7 5
a Serum IV 90 1.6 81230 2.4

a LDco = lethal dose 50% expressed in number of living bacteria.
fD = factor of confidence of Mm5 (Litchfield & Wilcoxon, 1949).
r = ratio of the two LD5o values.
I = sample of mixed sera before vaccination.

II = sample of mixed sera 20 days after vaccination.
III = sample of mixed sera 20 days atter revaccination.
IV = sample of mixed sera 3 months after revaccination.
S = significant at 5% level of probability.
NS = not significant at 5% level of probability.

b Since the available quantities were insufficient, testing with sera I and 11 was not carried out comparatively.

tective effect against S. paratyphi A. The natural
protective power against S. typhi was! weaker, and
against S. paratyphi B insignificant.

After vaccination, the chick-embryo test showed
an increase in the protective capacity of the sera,
especially against S. paratyphi A and S. typhi. The
protective power of the sera against S. paratyphi B
was stimulated only to a very small extent by the
vaccination.

We wish to call special attention to the data
provided by the seroprotective test in chick embryo
against S. paratyphi A. As in our previous work 1

on the efficacy of a TAB pill vaccine, the A compo-
nent of the vaccine proved to be the most efficient
in the stimulation of the humoral protective anti-
bodies, although it represents only a sixth of the total

1 N. Nestorescu et al. (1963) and N. Nestorescu et al.
(1964).
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vaccine, whereas the T component represents two-
thirds. The detection of extremely powerful natural
protective factors against S. paratyphi A and the
possibility of increasing them to quite surprising
levels by means of oral vaccination appear to us of
particular interest. To the best of our knowledge,
these facts have not been mentioned before in the
literature.
The " obsistine " hypothesis 1 should be taken

into account in this discussion. According to this
hypothesis, inoculation with TAB vaccine causes an
increase in the obsistine concentration of the serum
simultaneously with the appearance of the specific
agglutinating antibodies and of the protective power
against the experimental infection in chick embryos
and white mice. Moreover, it is held that the three
phenomena are related, although there is no apparent
parallelism between them. We suggest that further
investigations into these aspects would be useful.
Another fact that seems to us especially interesting

is that the protective power of the sera and the titre
of the agglutinating antibodies (Tables 1, 2 and 3)
were not influenced by revaccination, although the
revaccination doses were three times higher than
the primary ones.2 The phenomenon can be ex-
plained only by the creation of a barrier at the
level of the lymphatic system of the intestine after
the primary vaccination. The existence of such a
barrier was first mentioned by Besredka (1918,
1919). However, his theory of "local immunity"
neglected the role of humoral immunity.
The results of our investigations appear to support

the idea that active vaccination by the enteric route
confers not only a local immunity in the intestine
but a general immunity (Troickij, 1948; Raettig,
1952). The antigen introduced by the primary oral
vaccination, on its absorption into the blood after
penetrating the non-immunized intestinal wall,
probably produces the humoral immunity shown
by the laboratory tests; it is also probably the cause
of the local immunity at the level of the intestinal
wall, which is revealed only indirectly after revaccina-
tion.

It appears that the penetration of the antigen into
the blood takes place after its first oral introduction
only, namely, as long as the lymphatic system of the

1 So called by its proposers, Colobert & Kirn (1960a,
1960b, 1961), Colobert et al. (1961) and Bernard et al.
(1962, p. 715).

s In two cases (Table 1, third experiment, S. paratyphi A;
Table 2, second experiment, S. paratyphi B) where the
LD,o values increase after revaccination, the recorded increases
are not significant.

intestine does not form a barrier that hinders the
further passage of antigens into the blood. Berman
(1948) considers that the local application of the
antigen leads to a strengthening of the "barrier
function" of the tissues.

After the creation of the local immunity of the
intestine, any further increase in general immunity
can be obtained only by the introduction of the
antigen after a suitable interval by a parenteral
route. This reasoning might constitute a theoretical
basis for the combined or mixed method of vaccina-
tion (Kolle, 1927; Ruge, 1932; Vajnberg & Lehtman,
1940; Belikova-Adlakova, 1949, 1950; Raettig, 1952).
Russu et al. (1958a, 1959b) obtained good results

from experiments with the mixed method according
to the following schedule: three oral administrations
at 24-48-hour intervals, followed after a period of
20-30 days by a subcutaneous inoculation. The
experiments showed that this schedule effectively
combines each of the two routes of administration.
An attempt to increase the effectiveness by substitut-
ing an interval of seven days between the oral doses
in place of 24-48 hours was not justified (Vladoianu
et al., 1960). The hypothesis advanced at that time
to explain this fact-namely, that the oral administra-
tion of the vaccine at short intervals gives rise to a
greater absorption of the antigens and avoids the
creation of the barrier in the intestine that occurs
in the case of prolonged intervals-appears to be
confirmed by the results of the present paper.
A consideration of the mode of organizing the

experiment to evaluate the protective power of
the sera may also be of interest.
The performing of the three experiments as

described above allowed some useful comparisons
to be made and demonstrated at the same time the
role of freezing in the maintenance of the protective
factor of the serum. The procedure described was
adopted after some preliminary trials, which assured
us that frozen sera (-20°C) preserved the protective
factor for several months. It further enabled sero-
protective tests to be effected on a comparative
basis, so that they would express both the natural
protective power (serum I compared with the con-
trols) and the protective power after vaccination
and revaccination (sera II, III and IV compared
with the controls and with serum 1), as far as the
available quantities of serum allowed this.
Comparing the data in Tables 1 and 2, one may

note certain variations from one experiment to
another. These did not affect the significance or the
reproducibility of the experiments carried out with
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TABLE 3
TITRATION OF SERUM AGGLUTINATING ANTIBODIES

Antibody titres
Serum a

TO TH I AO AH BO BH I VI

1/50 -

11 1/100 - - - 1/25 - -

III 1/100 - - - 1/25 - -

IV 1/50 - - - 1/25 - -

a I = sample of mixed sera before vaccination.
11 = sample of mixed sera 20 days after vaccination.
III = sample of mixed sera 20 days after revaccination.
IV= sample of mixed sera 3 months after revaccination.

S. typhi and S. paratyphi A, but in the case of
S. paratyphi B, where the seroprotection tests
(especially that carried out in the chick embryo)
showed lower sensitivity, the final results show
some disagreement.
The variations to which we refer may find a partial

explanation in the origin of the embryonated eggs
in which the experiments were carried out. The use
of egg batches from the same breed, provided for
all the three experiments by the same farm, might
perhaps have lessened the differences recorded in
Table 1. Nevertheless, such variations are difficult
to avoid completely because they are characteristic
of biological phenomena, where the responses
cannot be completely controlled.
The modifications of the technique of Grabar &

Le Minor helped to simplify the test and to increase
its accuracy. The administration of the inoculum
in the allantoic cavity instead of in the chorio-
allantoic membrane is recommended also by other
investigators (Buonomini & Gabbrielli, 1959).
With reference to the serum agglutinating anti-

bodies 1 (Table 3), we always noted the appearance
after vaccination only of TO and BO antibodies.
The absence of H antibodies is probably due to the
sensitivity of the flagellar antigens to the action of
the digestive enzymes, whereas the hydrolysis of
the somatic antigens occurs without degradation
(Carlinfanti, 1946; Benzoni, 1953).
The absence of AO antibodies may be attributed

to the reduced antigenic properties of S. paratyphi A.
Although they proved to be devoid of AO and AH
agglutinins, the samples of sera tested manifested
maximal protective properties against S. paratyphi A.

1 The capacity of oral vaccination to stimulate the
formation of serm agglutinating antibody in man was
demonstrated by Istrati & Stefanescu (1930) and later by
other investigators.

This confirms the lack of parallelism between the
protective antibodies and the agglutinating ones,
the protective power not depending on the presence
of the agglutinins in the corresponding sera.

Just as in the seroprotection tests, the titres of the
agglutinating antibodies did not increase after
revaccination. The cause of this phenomenon has
already been discussed.

In the preparation of a TAB vaccine for oral
administration, the quality is improved by treatment
with alcohol (Benzoni, 1953). Our observations
incline us to prefer the vaccine in fluid form rather
than dry (tablets or pills), since, although the latter
is easier to handle and store, the former is more
susceptible to the action of the digestive juices. Our
experiments showed that the fluid vaccine maintains
its effectiveness for at least two years after the date
of its preparation if stored at 4°C.

Finally, the results of electrophoresis of the
protein fractions of the sera (Table 4) show insignifi-
cant variations. This implies that the fine qualitative
changes induced by the vaccination and demon-
strated by the seroprotective tests cannot be detected
quantitatively by paper electrophoresis.

TABLE 4
ELECTROPHORESIS OF PROTEIN FRACTIONS OF SERA

Seruma] Albumini _____
Globulin fractions

Serum fraction ai a2

I 52.7 4.3 6.8 13.2 22.9

II 52.6 4.7 6.8 10.1 25.7

III 58.4 4.0 5.4 10.7 21.4

IV 45.4 5.8 8.9 13.4 26.3

a I = sample of mixed sera before vaccination.
11 = sample of mixed sera 20 days after vaccination.
III = sample of mixed sera 20 days after revaccination.
IV = sample of mixed sera 3 months after revaccination.

Our general conclusion from the work described
in this paper is that pre-school children can benefit
to a great extent from oral vaccination. Revaccina-
tion by the oral route one month after the primary
vaccination is not indicated.
These considerations lead us to believe that anti-

typhoid-paratyphoid vaccination by the oral route
should be reconsidered. The use of this method in
conjunction with subcutaneous inoculation (com-
bined or mixed method) would increase the effective-
ness of the measures being taken against typhoid-
paratyphoid infections.
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RtSUMI

La presente enquete effectuee en Roumanie avait pour
but d'etudier, au moyen d'epreuves de laboratoire,
l'efficacite de la vaccination antitypho-paratyphoidique
par voie orale chez des enfants d'age prescolaire.
O On a utilise un vaccin TAB liquide, A base de suspen-
sions microbiennes tuees par la chaleur (environ 15 mil-
liards de germes/ml), et alcoolise A 20 %. Une premiere
dose individuelle de 10 ml de vaccin additionne de sucre
a et administree par voie orale, le matin A jeun, pendant
3 jours cons6cutifs, a 30 enfants de 3 a 7 ans. Une revacci-
nation a eu lieu un mois plus tard, suivant le meme sche-
ma, au moyen d'une dose triple de vaccin. Aucune reac-
tion post-vaccinale n'a ete observee.

Les echantillons de serum preleves avant et apres la
premiere vaccination, et 20 jours et 3 mois apres la revac-
cination ont ete soumis a divers examens: tests de sero-
protection sur l'embryon de poulet et sur la souris blan-
che, titrage des anticorps agglutinants, etude des pro-
teines seriques par electrophorese.

Les tests de seroprotection ont montr6 une augmenta-
tion marqu&e de la capacit6 protectrice des serums apres
la vaccination, principalement contre Salmonella para-
typhi A. En revanche, le pouvoir protecteur et les titres
des anticorps agglutinants n'ont pas ete influences par la

revaccination. D'apres les auteurs, l'immunisation pri-
maire par voie orale cree au niveau de l'intestin une
immunit6 locale qui fait obstacle a la penetration ulte-
rieure des antigenes et le renforcement de l'immunite
humorale ne peut etre obtenu que par une revaccination
par voie parenterale. Le titrage des anticorps agglutinants
a montre 1'apparition, apres la vaccination, des seuls
anticorps somatiques TO et BO. L'absence des anticorps
AO et AH, en depit d'un haut degre de protection contre
S. paratyphi A, confirme qu'il n'existe aucun parallelisme
entre la teneur d'un serum en anticorps protecteurs et
sa teneur en anticorps agglutinants, et que le pouvoir
protecteur n'est pas conditionn6 par la presence des
agglutinines dans le serum. Les variations enregistrees
lors de I'examen des fractions proteiques du serum par
electrophorese avant et apres la vaccination ont ete peu
importantes et on ne peut leur attribuer une signification.

Les auteurs concluent a l'efficacite de la methode
d'immunisation active par voie orale et a son utilite chez
les enfants d'age prescolaire. La revaccination par voie
orale n'est pas indiquee, mais une methode mixte combi-
nant la vaccination par voie orale et par voie sous-
cutanee representerait un appoint serieux dans la lutte
contre les infections typhique et paratyphiques.
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