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Controlled Field Trial with Dried Sorbed
Paratyphoid B and Typhoid Vaccines

L. B. HEJFEC, L. A. LEVINA, M. L. KUZ'MINOVA,
A. M. SLAVINA, N. E. LEVITES, A. Z. ABIDOV & L. F. GONtAROVA

In 1968-70 a field trial was arranged in the USSR to evaluate the effectiveness of dried
sorbed paratyphoid B and typhoid vaccines when administered in two doses separated
by an interval of20-30 days.

Two groups of schoolchildren were under observation: a group inoculated with para-
typhoid B vaccine (75 805 children) and a group inoculated with typhoid vaccine (76 314
children). The persons who were inoculated with the paratyphoid B vaccine formed the
control group used in evaluating the effectiveness ofthe typhoid vaccine, and those inoculated
with the typhoid vaccine formed the control group for the evaluation of the paratyphoid
vaccine.

Two doses of dried sorbed paratyphoid B vaccine made from Salmonella paratyphi B,
strain No. 42, containing 5 x 108 microbial cells per injection, protected about 70 % of
those inoculated. Two doses of dried sorbed typhoid vaccine made from S. typhi, strain Ty
2 4446, also with 5 x 108 cells per injection, protected about 80 % of those inoculated.

At least 21 months ofprotection (the period of observation) were obtained following
immunization with dried sorbed preparations made from heat-killed aerated broth cultures.

Both types of vaccine produced the same frequency and intensity of general and local
reactions; these were moderate. The general and local reactions to a second injection
were substantially less marked than those to the first.

In the two controlled trials carried out earlier
(Hejfec et al., 1968, 1969), it had been shown that
dried broth-grown typhoid and paratyphoid B
vaccines with no sorbent were approximately as
effective as similar liquid vaccines (also inactivated
by heating). A single dose of dried vaccine without
sorbent protected 70% of those inoculated for
1 year. Two doses separated by an interval of 20-30
days increased the duration of the protective effect
to 3 years. In the second of the trials carried out
earlier, tests of dried vaccines with added sorbent
had been undertaken. In a trial carried out in 1966-
68 it was established that the effect of a single dose
of one of the sorbed vaccines (against typhoid) was
reasonably satisfactory. It was not possible to
evaluate the paratyphoid B vaccine because of the
small number of cases of the disease. The effective-
ness of administering dried sorbed vaccines in two
doses has not previously been evaluated.
The purpose of the work described in the present

paper was to evaluate the effectiveness of, and the
reactions caused by, two sorbed dried vaccines-the

typhoid and paratyphoid B vaccines-when given in
two doses.

MATERIALS AND METHODS
Vaccines

The vaccines used were manufactured in the
Tashkent Institute of Vaccines and Sera. The paraty-
phoid B dried sorbed broth-cultivated vaccine (batch
F-68) was made from S. paratyphi B strain No. 42.
The equivalent typhoid vaccine (batch G-68) was
made from S. typhi strain Ty 2 4446. The vaccines
were freeze-dried in ampoules, which, after 2.5 ml
of physiological saline (pH = 7.2) had been added to
each ampoule, contained 1 x 101 microbial cells and
1 mg of aluminium hydroxide (in terms of A1203) per
ml together with 2% saccharose and 3% hexamethy-
lenetetramine as stabilizers. The volume of vaccine
for each injection was 0.5 ml. A more detailed
description of the preparations may be found in
earlier papers (Koenman & Abidoy, 1968; gvecova
& Abidov, 1968).
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Plan and organization ofthe trial

The observations were organized among sample
groups of schoolchildren in 6 localities. To ensure
that the results were adequately reliable from the
statistical point of view the selection of the groups
to be kept under observation was based on thorough
analysis and forecasting of morbidity from para-
typhoid B and typhoid in different areas.
Two groups of children were kept under observa-

tion: those vaccinated with the paratyphoid B vaccine
formed the control group for the evaluation of the
typhoid vaccine, and those vaccinated with the
typhoid vaccine formed the control group for the
evaluation of the paratyphoid B vaccine.

Children were selected to participate in the trial
on the basis of the results of preliminary thorough
clinical laboratory examination and follow-up, and
the children were allocated at random to the different
treatment groups. Each child was given a careful
medical examination and was vaccinated only if
there were no contraindications.
Teams consisting of one physician and two

assistants carried out the inoculation campaign,
using a standard procedure. In the course of 10-15
days each team inoculated 1 000-1 200 persons.
The vaccination campaign was carried out in

April and the first half of May 1968. The inocu-
lations were given subcutaneously in the sub-
scapular region, the interval between the first and
second injections being 20-30 days.

In the six administrative areas, 152 119 children
of school age were vaccinated, 75 805 of them with
the F-68 vaccine and 76 314 with G-68 vaccine.
The sampling system ensured that all subcategories
of the community and all age groups were equally
represented in each treatment group (Table 1).

RESULTS

Reactions to administration of vaccines

Each team measured the reactions to the inocula-
tion (either at school or by domiciliary visits) in
20-30 children inoculated the day before to ensure
the selection of a representative sample for the final
evaluation of the whole group.) In assessing the
nature of general reactions, the child's temperature
was taken and his condition during the first 20 min
following injection and his complaints at the time
his temperature was taken were noted. The work
of all the teams was checked daily.

Altogether 4 033 children were examined, of
whom 2 061 had been inoculated with paratyphoid
B vaccine and 1 972 with typhoid vaccine. The
results showed that there was a temperature reaction,
18-22 h later, in 15% after the first injection and
in 10% after the second injection (Tables 2 and 3).
Fewer and smaller temperature reactions occurred
after the second injection. Thus, a temperature
reaction higher than 37.5°C was recorded in 4.1 %
of the inoculated after the first injection (paratyphoid
B, 4.2%; typhoid, 4.1 %) and in only 1.20% after the
second injection (1.1 0% and 2.0%, respectively).

It is a characteristic feature that of 86 children
with a marked temperature reaction (37.6-39.0°C)
to the first injection of paratyphoid B vaccine, only
3 had a reaction of the same intensity to the second
injection. Of 80 children with a marked temperature
reaction to the first injection of typhoid vaccine
only 5 showed a similar reaction after the second
injection.
Both vaccines gave rise to local reactions in the

form of indurations. Swellings more than 2.5 cm
in diameter occurred in 8.00/ of cases after the first
injection and in 6.0-7.0% after the second injection
(Table 4).
The frequency and intensity of hyperaemia at the

site of injection of the vaccine were less marked
following the second than following the first injection
(Table 4). Thus, after the first injection of para-
typhoid B vaccine, hyperaemia with a diameter some-
what greater than 5.0 cm occurred in 25% of the
inoculated whereas after the second injection it
occurred in only 15 %. Hyperaemia of similar
intensity occurred in 29% of those given the typhoid
vaccine after the first injection and in 20% after
the second injection.

Eflectiveness of dried sorbed preparations

The recording of cases of illness was begun one
month after completion of the inoculations. Special
attention was paid to ensuring that case-detection in
the two groups under observation was equally
thorough. For this purpose, in the areas under
observation a system of provisional hospitalization
was introduced and blood specimens were taken
from all patients who were feverish for more than
3 days regardless of the diagnosis (Hejfec & Hazanov,
1959; Hejfec et al., 1966, 1968, 1969; Hejfec &
Levina, 1969). To make a quantitative assessment
of the protective effect of the vaccines, only those
cases that were diagnosed with certainty (i.e., cases
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Table 1. Characteristics of the groups vaccinated
with sorbed vaccines in 1 968

c No. of children vaccinated with:Characteristic
F-68 G-68

Total no. inoculated 75 805 76 314

Locality:
hIn1 on~~siA )1 .iOAINO.

No. 2

No. 3

No. 4

No. 5

No. 6

17 814

7 372

1 2 737

6 710

10 517

Sex:
Male

Female

Age group (years):
7-9

10- 12

13 -1 5

16 -1 8

No. of injections:
2

1 (in April)

1 (in May)

38 253

37 552

16 315

25 069

22 238

12 183

67 737

3 287

4 781

19 330

7 463

11 076

6 672

10 389

38 141

38 173

16 503

25 951

22 317

11 543

68 346

3 347

4 621

Table 2. Frequency of temperature reactions 18-22 hours after the first and second
injections of dried sorbed paratyphoid B vaccine

Total no. of reac-Distribution of reactions after the second tions after the
Tempera- injection first injection
ture( C)

37.6- 38.1 38.6-
37-C 37.1-37.5C 38.OC 385C 39C No. % S. E.

37.0 1 648 108 11 2 1 1 770 85.9 1.6

distribution 37.1-37.5 157 43 5 205 9.9 1.3
of reactions
after first 37.6-38.0 54 1 2 2 68 3.3 0.8
injection

38.1-38.5 12 3 1 16 (0.8)
38.6-39.0 2 2 (0.1)

total no.
of reactions No. 1 873 166 18 3 1 2 061 100
af er second
injection %0 2 S.E. 90.9 1.3 8.0 4- 1.2 (0.9) (0.15) (0.05) 100
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Table 3. Frequency of temperature reactions 18-22 hours after the first and second
injections of dried sorbed typhoid vaccine

Distribution of reactions after the second tions after the
Tempera- J first injection
ture CIQ

376- 38.1- 38°6-
6 37°C 37.1-37.5E | 38.0°C 38.5°C 39.OoC No. % ± 2 S.E.

distribution < 37.0 1 521 118 24 4 1 1 668 84.6 + 1.6
of reaction
after first 37.1-37.5 178 40 4 2 224 11.4 ± 1.3
injection

37.6-38.0 47 14 3 64 3.2 ± 0.8

38.1-38.5 6 3 1 10 (0.5)
38.6-39.0 5 1 6 (0.3)

total no.
of reactions No. 1 757 175 33 6 1 1 972 100
after second
injection % ± 2 S.E. 89.1 ± 1.3 8.9 ± 1.3 1.7 + 0.6 (0.3) (0.05) 100

Table 4. Distribution of local reactions to inoculation recorded after a lapse of 18-22 hours

No. of Frequency of hyperaemia by size (cm) Frequency of induration by size (cm)
Vaccine Inoculation persons Total > 5.0 Total > 2.5exam- None 6 2.5 2.6- 5.1 - T> 7o0 Non N2< 2525.0 Total

ined Nn 255.0 7.0 No7.0 Non2eS.2.52.6->. No. I%+±2 S.E.

First 2202 824 323 504 331 220 551 25.0 ± 1.9 1 853 168 104 77 181 8.2 + 1.2
F-68

Second 2302 1 088 379 486 236 113 349 15.2 1.6 1 955 202 118 27 145 6.3 1.1

First 2124 690 279 543 368 244 612 28.8 2.1 1 739 209 112 64 176 8.3 1.2
G-68 2

Second 2162 979j 275 461 288 159 447 20.7+ 1.8 1 817 194 115 36 151 7.0+ 1.0
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confirmed by blood culture among persons who had
had two inoculations) were taken into account.

Effectiveness of the paratyphoid B vaccine
Among the inoculated and control groups under

observation 7 and 23 cases, respectively, of para-
typhoid B were detected and confirmed by blood
culture (Table 5). These data suggest that adminis-
tration of two doses of dried sorbed paratyphoid B
vaccine conferred a protective effect lasting at least
21 months (the period of observation) in about 70%
of those inoculated.
An analysis of the age distribution of paratyphoid

B cases (Table 6) showed that a marked protective
effect was obtained only in children up to 15 years
of age.

Effectiveness ofthe typhoid vaccine
Among the inoculated and control groups under

observation 10 and 46 cases, respectively, of typhoid
were detected and confirmed by blood culture
(Table 7). The results lead to the conclusion that
administration of two doses of dried sorbed typhoid
vaccine confers a protective effect lasting at least
21 months (the period of observation) in about
80% of those inoculated.
An analysis of the age distribution of the typhoid

cases (Table 8) showed that the protective effect was
similar among the 7-14-year and the 15-18-year
age groups.

DISCUSSION

The results of controlled field trials had shown
that it was possible in principle to immunize human
beings effectively against paratyphoid B with non-
sorbed paratyphoid B vaccines prepared from aerated
broth cultures of S. paratyphi B No. 42 (Hejfec et al.,
1968). At the same time no protective effect had
been found against paratyphoid B when divalent
typhoid-paratyphoid B vaccines were used (Hejfec
et al., 1966) or when non-sorbed and sorbed paraty-
phoid B vaccines prepared from aerated broth-

cultures of S. paratyphi B No. 50602 were employed
(Hejfec et al., 1969).

Thus, in controlled field trials of paratyphoid B
vaccines the protective effect obtained had been
shown to depend on the dose of the preparation, the
number of injections given, and the strain of paraty-
phoid B organisms used in manufacturing the vaccine.

Despite the fact that laboratory investigations of
paratyphoid B vaccines manufactured from S. para-
typhi B 42 and 50602 strains (Hejfec & Levina, 1969)
have not yet revealed any substantial differences in
antigenic structure and immunogenicity between the
vaccines made from the different strains, we used a
preparation made from an aerated broth culture of
S. paratyphi B 42 to settle the question of the
effectiveness of dried sorbed paratyphoid B vaccine
in our 1968 trials. The results obtained make it
possible to recommend the use of a monovalent dried
sorbed paratyphoid vaccine made from strain
S. paratyphi B 42 for vaccine prophylaxis of para-
typhoid B in children, since it is an effective prepara-
tion and causes only moderate reactions.

In our investigations further data were obtained
on the effectiveness of dried sorbed typhoid vaccine
made from an aerated broth culture of S. typhi
Ty 24446. This stable preparation, which causes
only moderate reactions, can be used for effective
vaccine prophylaxis of typhoid when the situation
so demands.
The moderate reaction-causing properties of

effective doses of sorbed paratyphoid B and typhoid
vaccines have made it possible to devise a multiple
vaccine-a dried sorbed typhoid-paratyphoid B-
tetanus trivalent vaccine (TBte)-containing equal
amounts of the typhoid and paratyphoid B compo-
nents. This preparation has shown moderate
reactogenicity (Koenman et al., 1968) together with
an immunogenicity very close to that of the mono-
valent vaccine (Levina & Drozd, 1970). It is
intended for the simultaneous immunization of
persons aged 18 years and over and against typhoid,
paratyphoid B, and tetanus.
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RESUME
ESSAI PRATIQUE CONTROLE DE VACCINS ANTIPARATYPHOYDIQUE B ET

ANTITYPHOYDIQUE DESSECHES ET ADSORBES

De 1968 'a 1970, on a procede a 1'essai de deux vaccins
(l'un antiparatyphoidique B, I'autre antityphoidique)
pr6par6s a partir de la souche Salmonella paratyphi B
No 42 et de la souche S. typhi Ty 2 4446. Ils ont ete
donnes en deux injections separees par un intervalle de
20-30 jours, a la dose de 5 x 108 corps microbiens par
injection; 75 805 enfants ont recu le vaccin antipara-
typhoidique B et 76 314 enfants le vaccin antityphoidique.
On a enregistre des taux de protection de 70% chez les

enfants vaccines contre la fievre paratyphoide B et de
80% chez les enfants immunises contre la fievre typhoide.

Ces taux se sont maintenus inchanges durant la periode
d'observation de 21 mois. Les reactions locales et g6ne-
rales, moderees, sont survenues avec la meme frequence
et la meme intensit6 apr&s emploi de chaque pr6paration.
Elles ont ete nettement moins fortes apres la seconde
injection qu'apres la premiere.
Ces resultats montrent que les vaccins utilises au cours

de cet essai ne le cedent en rien, sous le rapport de
l'efficacite, aux vaccins mis a l'epreuve precedemment.
Ils ont en outre l'avantage d'etre plus stables et de provo-
quer moins de reactions.
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