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A Controlled Field Trial and Laboratory Study
of Five Typhoid Vaccines in the USSR*

L. B. HEJFEC, L. V. SALMIN, M. Z. LEJTMAN, M. L. KUZ'MINOVA, A. V. VASIL'EVA,
L. A. LEVINA, T. G. BENCIANOVA, E. A. PAVLOVA & A. A. ANTONOVA

A controlled field trial of typhoid vaccines was carried out in the USSR in 1962. It was
the fifth and last ofa series. Five preparations were tested, the most effective being a heat-
killed divalent vaccine prepared from aerated broth culture. The results of a laboratory
study of the vaccines were not in complete agreement with the data from the field trial.
No correlation wasfound between the effectiveness of vaccines and the datafrom laboratory
tests as to their potency, and the authors suggest that differences in effectiveness may be
due to varying degrees of damage to biological components during the different production
processes. The effectiveness is also sensitive to dosage.

The field trial described in this paper was the fifth
and last of a series of trials of typhoid vaccines con-
ducted by the Mecnikov Institute, Moscow, in
collaboration with other institutions. The results of
the first four trials have been published separately 1
and were summarized in a previous paper in this
Bulletin (Hejfec, 1965). The fifth field trial, which
began in 1962, was undertaken at the request of the
Ministry of Health of the USSR and was supported
in part by the World Health Organization. Its
objects were to study the effectiveness of typhoid
vaccines prepared by different methods; to evaluate
the effectiveness of the vaccines against para-
typhoid B; and to study the typhoid component in
laboratory tests to determine whether there was any
correlation between the effectiveness of a vaccine
and the data from laboratory tests as to its potency.

FIELD TRIAL

Organization and conduct of the trial
The field trial was organized in accordance with

the methods already described (Hefjec & Hazanov,
1959a, 1959b), and in conformity with modem
concepts of a strictly controlled field trial. The

* From the Mecnikov Institute of Vaccines and Sera,
Moscow.

1 Field trial No. 1: Hejfec & Hazanov (1959b); Hejfec,
Hazanov & Kanarejkina (1961); Hazanov, Hejfec & Salmin
(1962a, 1962b). Field trial No. 2: Hejfec et al. (1961).
Field trial No. 3: Hejfec et al. (1962). Field trial No. 4:
Hejfec et al. (1964).

practical methods used and the plan and programme
of observations were approved by the Academy of
Medical Sciences and by an Ad Hoc Inter-Institute
Committee appointed by the Ministry of Health of
the USSR, which subsequently gave us advice and
guidance. The study groups were selected on the
basis of a thorough analysis of the incidence of
typhoid and paratyphoid B, because the numbers in
the groups had to be sufficiently high to enable
reliable conclusions to be drawn on the effectiveness
of the vaccines. These groups consisted mainly of
children of school age in various parts of 16 adminis-
trative divisions. The total number of persons
covered by the trial was 261 492. Of these, 222 082
in 12 localities were divided into six groups for the
vaccination campaign, five being inoculated with the
vaccines to be tested and the sixth-the control
group-being given tetanus toxoid. The remaining
39 410, in four other localities, were divided into
only five groups because not enough of one of the
vaccines (WHO vaccine L) was available. Division
into groups was carried out at random on the basis
of a system of registration specially devised by the
authors (Hejfec & Hazanov, 1959a; Hejfec, 1965).
This method, combined with the allocation of a code
designation to all the vaccines, ensured that the
groups given the different vaccines were equally
represented throughout the whole of the population
being studied, particularly within each class in each
school. The characteristics of the groups covered by
the trial are shown in Tables 1 and 2. It can be seen
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TABLE I
CHARACTERISTICS OF THE SIX VACCINATED GROUPS UNDER OBSERVATION IN FIELD TRIAL No. 5

(TWELVE LOCALITIES)

Number of persons vaccinated with: T

A-62 G-62 V-62 K-62 L-WHO__ D-62 T

Total 37275 37329 37365 37002 36112 368999 222082

Locality:
No. 1 3 769 3 725 3 719 3 670 3 615 3 707 22 205
No. 2 2 367 2 374 2 382 2 426 2 377 2 377 14 303
No. 3 3 667 3 578 3 605 3 555 3 681 3 687 21 773
No. 4 650 637 632 626 636 651 3 832
No. 5 1159 1165 1138 1172 1154 1153 6 941
No. 6 1733 1703 1693 1699 1699 1718 10 245
No. 7 3 644 3 629 3 597 3 548 3 533 3 649 21 600
No. 8 3 838 3 847 3 870 3 806 3 759 3 769 22 889
No. 9 3 382 3 285 3 233 3 317 2 752 3 055 19 024
No. 10 7 157 7 462 7 444 7 256 7 035 7 259 43 613
No. 11 2 766 2 780 2 833 2 745 2 694 2 772 16 590
No. 12 3143 3144 3 219 3182 3 177 3 202 19 067

Sex:
Male 18 838 18967 18 960 18 733 18 233 18832 112 563
Female 18 437 18 362 18 405 18 269 17 879 18167 109 519

Age (years):
7- 9 10195 10 021 10119 10 091 9 920 10182 60 528

10-12 13 965 13 913 13 844 13 836 13 325 13 817 82 700
13-15 10 502 10 705 10 793 10 487 10 303 10 433 63 223
16 and older 2 613 2 690 2 609 2 588 2 564 2 567 15 631

Water supply:
Tap water 6 287 6163 5 892 6164 5 939 6184 36 629
Water pump 24 872 25189 25 415 25105 24 250 24 799 149 630
Open reservoir 4 794 4 690 4 656 4 655 4 597 4 689 28 081
Well 1 322 1 287 1 402 1 078 1 326 1 327 7 742

History of typhoid
vaccination:
Vaccinated 16 847 16 745 16 981 16 664 16108 16 781 100126
Not vaccinated 16 800 17 542 16 896 16 956 16 862 16 957 102 013
Unknown 3 628 3 042 3 488 3 382 3142 3 261 19 943

Previous enteric Infections 354 361 358 337 321 372 2 103

Infections during the
observation period
(May 1962 to April 1963):
Dysentery 24 22 29 19 16 15 125
Pertussis 14 13 10 12 6 11 66
Infectious hepatitis 47 37 51 45 36 35 251
Scarlet fever 40 33 27 37 30 41 208
Measles 38 33 40 43 31 39 224
Others 16 17 12 21 14 15 95

Total 179 155 169 177 133 156 969
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CHARACTERISTICS OF
TABLE 2

THE FIVE VACCINATED GROUPS IN LOCALITIES IN
WAS NOT AVAILABLE (FOUR LOCALITIES)

WHICH L-WHO VACCINE

Number of persons vaccinated with: _ _Total
A-62 G-62 V-62 K-62 D-62

Total 7922 7884 7933 7794 7877 39410

Locality:
No. 13 1 839 1 831 1 864 1 826 1 856 9 216
No. 14 1 695 1 636 1 652 1 644 1 638 8 265
No. 15 3 489 3 540 3 516 3 437 3 506 17 488
No. 16 899 877 901 887 877 4441

Sex:

Male 4 091 4 008 4 060 3 925 4145 20 229
Female 3 831 3 876 3 873 3 869 3 732 19181

Age (years):
7- 9 1 208 1 165 1 162 1 171 1 156 5 862

10-12 1 868 1 826 1 910 1 828 1 841 9 273
13-15 1 449 1 466 1 451 1 428 1 473 7 267
16 and older 3397 3427 3410 3367 3407 17008

Water supply:
Tap water 2 431 2 273 2 413 2 298 2 308 11 723
Water pump 4 524 4 607 4 552 4 546 4 563 22 792
Open reservoir 609 640 665 619 655 3 188
Well 358 364 303 331 351 1707

History of typhoid
vaccination:
Vaccinated 3 036 2 988 2 917 3188 3 000 15 129
Not vaccinated 2 025 2 022 2 395 2 082 2 217 10 741
Unknown 2 861 2 874 2 621 2 524 2 660 13 540

Previous enteric infections 73 94 85 72 83 407

Infections during the observa-
tion period (May 1962-
April 1963):
Dysentery 4 3 3 7 2 19
Infectious hepatitis 6 3 4 6 8 27
Pertussis 7 7 1 3 3 21
Scarlet fever 4 2 2 3 1 12
Others 2 4 3 4 9 22

Total 23 19 13 23 23 101

from this material that the groups to be compared
were uniform not only with respect to formal
characteristics (sex, age, etc.), but also in their
exposure to various diseases, including enteric

infections. The inoculations were all given within a
short period: the first injection during April and the
second between 5 and 25 May 1962, with an interval
of 20-30 days. Specially trained medical teams
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carried out the vaccinations, each team being
responsible for vaccinating 2000 persons. Case-
finding work began immediately after completion of
the vaccinations. Analysis of the effectiveness of
the vaccines was based on comparison only of those
cases confirmed by a positive blood culture and with
an interval of at least 30 days between the second
vaccination and the onset of the illness. As in the
previous trials, special emphasis was laid on the
active finding of cases in the early stage of the disease.
One of the measures designed to ensure detection of
as many cases as possible was the exceptionally
extensive use of blood cultures in the centres of
population covered by the trials. Blood cultures
were taken not only when typhoid was suspected but
in all cases, regardless of the diagnosis, in which a
high temperature had lasted more than three days.
This work was carried out by all medical workers,
both in out-patient establishments and on domiciliary
visits. On the slightest suspicion of typhoid or
paratyphoid the patient was sent to hospital, where
two, or sometimes three, blood tests were made.
The information available on each patient

(emergency notification card, extract from the case
history, domiciliary examination card) was checked
in parallel with the card index of vaccinations and
with the lists of vaccinated persons. Cases were
subjected to final statistical processing only after all
documents relating to them had been received, i.e.,
at least two to three weeks after discharge of the
patient from hospital.
Vaccines
Four divalent vaccines were prepared 1 from the

Salmonella typhi strain Ty 2/4446 and from
S. paratyphi B strain No. 50602 (obtained from
the Tarasevic State Control Institute). These four
vaccines were as follows:

(1) a liquid heat-killed phenolized vaccine (given
the code-name "vaccine G " and henceforth
designated in this paper G-62);

(2) an alcoholized dried vaccine (code-name
"vaccine V ", henceforth designated V-62);

(3) a chemical vaccine made from antigens
extracted by the method adopted in the Mecnikov
Institute (code-name " vaccine A " and henceforth
designated A-62);

',The vaccines were prepared by an ad hoc working group
consisting of Dr E. N. Melikova (Tarasevic Institute),
Dr N. I. Kovaleva (Gamaleja Institute), Dr A. N. Zamuhov-
skaja (Mecnikov Institute), Dr Z. V. Razumova (Ufa Institute
of Vaccines and Sera) and Dr V. M. Lavrovskaja (Gorki
Institute of Epidemiology and Microbiology).

(4) a chemical vaccine made from antigens
extracted by the method adopted in the Gamaleja
Institute (code-name " vaccine K" and henceforth
designated K-62).
The same bacterial suspension, obtained by

cultivation on casein hydrolysate broth under aera-
tion, was used for preparing the first three vaccines.
The bacterial suspension for G-62 was inactivated by
heating for one hour at 56°C and preserved by the
addition of 0.25% phenol. The bacterial sus-
pension for V-62 was treated with alcohol, after the
removal of which the precipitate was brought to the
required microbial concentration with salt solution.
The suspensions of typhoid and paratyphoid B bac-
teria were combined, dispensed into ampoules and
freeze-dried. A detailed account of the preparation
of alcoholized vaccine was given by Lavrovskaja et
al. (1962).
The antigens for the A-62 vaccine were extracted

from the same culture by the Raistrick & Topley
technique (1934), as modified by Kossova & Necaeva
(1956), and adsorbed on calcium phosphate.
The fourth divalent vaccine (K-62) was prepared

from antigens extracted from suspensions grown on a
fluid semi-synthetic medium; the antigens were
adsorbed on aluminium hydroxide. The typhoid
0-antigen was extracted by a modified version of the
technique of Westphal, Luderitz & Bister (1952),
while the Vi-antigen was obtained by saline extrac-
tion from a suspension of bacteria dried by treatment
with acetone-a method developed in the Gamaleja
Institute (Gekker et al., 1959).

Vaccines G-62 and V-62 contained 8 x 108 typhoid
bacteria and 2x 108 paratyphoid B bacteria per
millilitre. The A-62 vaccine contained 0.2 mg of
complete typhoid antigen and 0.05 mg of complete
paratyphoid B antigen per miulilitre. The K-62
vaccine contained 0.025 mg of typhoid 0 antigen,
0.05 mg of typhoid Vi antigen and 0.05 mg of
paratyphoid B antigen per millilitre.
The fifth preparation, the dried heat-killed

phenolized vaccine supplied by the World Health
Organization under the name of vaccine L (hence-
forth designated L-WHO),2 was distinguished by
the fact that it was a monovalent typhoid vaccine

' Vaccine L was described by the Division of Immunology,
Walter Reed Army Institute of Research (1964) and by the
Walter Reed Army Institute of Research & International
Laboratory for Biological Standards, Statens Seruminstitut
(1964). Vaccine L and an acetone-killed vaccine were studied
in the field trials in Yugoslavia and British Guiana (Yugoslav
Typhoid Commission, 1964; Typhoid Panel, UK Department
of Technical Co-operation, 1964; Benenson, 1964).
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prepared from a suspension of bacteria grown on

solid medium. It contained 10 x 108 typhoid bacteria
per millilitre.
The sixth preparation (" D vaccine " or D-62) was

purified tetanus toxoid adsorbed on aluminium
hydroxide and containing 200 Lf/ml.

Reactions to inoculation

Before the field trial was carried out, the reaction-
causing properties of all the vaccines were tested
with a view to determining what doses could be con-
sidered as comparable for the comparative evaluation
of the corpuscular and chemical vaccines. Observa-
tions in small groups of people led to the adoption
of the following doses, as producing a roughly
identical number of reactions to vaccination: for
persons aged 7-12 years, 0.6 ml of all vaccines; for
persons aged 13 years and over, a higher dose
(1.0 ml) of vaccines A-62, K-62 and D-62 only.
The general reaction to inoculation began to

manifest itself in most cases four to six hours after
the injection, taking the form of indisposition, a

slight chill and a rise in temperature. The largest
number of reactions and the biggest rise in temper-
ature were found 8-12 hours after the injection.
By 24 hours after the injection, the number of
persons showing a reaction had fallen sharply. After
48 hours there were practically no signs of general
reaction.
Under the conditions of a large-scale examination,

when representative groups were being examined,
the reaction was measured 18-22 hours after the
injection. By that time a rise in temperature (Table 3)
had occurred after the first injection in 24 %-28% of

the inoculated, there being no substantial difference
between the various vaccines under test (except
D-62).
Meanwhile a slight difference in the intensity of

the reaction did come to light. The smallest number
of cases with a temperature of over 37.5°C after
18-22 hours occurred (if the control vaccine is dis-
regarded) among those inoculated with the mono-
valent vaccine L-WHO, and the largest number of
cases occurred among those inoculated with divalent
vaccines G-62 and V-62. After the second injection,
all groups showed a smaller number of temperature
reactions and they were less marked. Local reac-
tions (Table 4) in the form of hyperaemia occurred
with equal frequency whichever vaccine was used
(again excepting D-62). Only the heat-killed divalent
vaccine G-62, which was responsible for the highest
number of cases with areas of erythema over 5 cm
in diameter, showed any difference in the intensity
of the hyperaemia caused. When the local reaction
was evaluated on the basis of the frequency and
extent of oedema, practically no difference was
found between the vaccines under test. After the
second injection, similar relationships between the
vaccines were noted, but the local reactions were
less marked.

Effectiveness of vaccines

In the population studied, 201 cases of typhoid,
153 cases of paratyphoid B, and 86 cases of para-
typhoid A, with diagnoses confirmed by positive
blood cultures, were reported during the 30 months
ending 1 December 1964. This number includes
only those persons who had been given two injec-
tions of vaccine and who contracted the illness at

TABLE 3
TEMPERATURE REACTIONS TO VACCINATION 18-22 HOURS AFTER THE FIRST INJECTION

Number of persons having the following temperatures PercentageNumber at 18-22 hours after first injection: Percentage of reactionsVaccine of persons . of reactions of reac
37.1-37.50C 37.6-38.0°C I38.1-38.50C I38.6-39.0°C 39.1-39.50C 12 SE +2 SE

A-62 1 823 372 93 29 7 1 27.5 4 2.1 7.1 + 1.2

K-62 1 814 335 91 34 8 5 26.1 + 2.1 7.6 + 1.2

V -62 1 759 282 109 37 14 4 25.4 + 2.1 9.3 : 1.4

G-62 1 807 340 123 28 15 7 28.4 + 2.1 9.6 4 1.4

L-WHO 1 656 278 78 21 5 7 23.5 i 2.1 6.7 4 1.2

D-62 1 757 155 32 7 4 0 11.3 4 1.5 2.4 + 0.7
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TABLE 4
LOCAL REACTIONS TO VACCINATION 18-22 HOURS

AFTER THE FIRST INJECTION

Percentage of reactions : 2 SE

NumberHyeamaOd aVaccine of persons Hyperaemia Oedema
examined Over 5 cm Total Over 2.5 cm

Total diam. Ttldiam.

A-62 1799 76.8 + 2.0 20.7 + 1.9 23.4 + 2.0 10.0 + 1.4

K-62 1806 72.4 ± 2.1 16.4±1 1.7 22.9 + 2.0 9.3 + 1.4

V-62 1757 74.1 + 2.1 20.0 + 1.9 19.0 + 1.9 7.6 1.3

G-62 1803 73.9 + 2.1 29.8 ± 2.2 23.0 + 2.0 9.3 1.4

L-WHO 1656 77.1 + 2.1 17.9± 1.9 18.5± 1.9 8.3± 1.4

D-62 1820 51.3± 2.3 5.2± 1.0 11.8+ 1.5 2.8± 0.8

least 30 days after the second injection. The dis-
tribution of typhoid cases within the group as a
whole (Table 5) shows that the typhoid component
of four preparations, A-62, G-62, V-62 and L-WHO,
ensured effective protection of the vaccinated. The
difference in morbidity from the group given the
D-62 vaccine is significant (P <0.01). The fifth of
the preparations under test, K-62, conferred almost

no protection against typhoid (P >0.05 compared
with D-62).
A significant difference was noted when morbidity

was compared in the groups given A-62 and G-62
(P <0.01) and, when data from the 12 localities
were considered, in the groups given G-62 and
L-WHO (P <0.05). It follows from what has been
said that the typhoid component of the heat-killed

TABLE 5
CASES OF TYPHOID FEVER IN THE VACCINATED AND CONTROL GROUPS

Months after
Number of cases second Age distribution Total Rat Effectiveness a

Vcie Number ijconnumber pr
of vaccineVaccine |of persons 15 years of

I
(and 95% confidence

For 12 For 4 2-11 12-31 7-10 11-14 and cases limits)
localities localities years years older

Vaccinated population

A-62 45 197 25 4 9 20 7 13 9 29 0.64 58.4 % (38.7 %-71.8 %)
K -62 44 796 48 6 26 28 25 23 6 54 1.21 22.1 % (Not significant)
G-62 45 213 9 1 4 6 4 3 3 10 0.22 85.7 % (75.0 %-92.5 %)
V-62 45 298 16 3 8 11 6 10 3 19 0.42 72.7 % (57.1 %-82.3 %)
D-62 44 876 60 9 33 36 25 35 9 69 1.54

L-WHO 36112 20 - 6 14 6 13 1 20 0.55 66.0% (48.5%-79.5 %)
D-62 36999 60 - 3 130 1 24 29 7 60 1.62

Unvaccinated population for 12 localities

No vaccine 39934 137 - 62 75 42 75 20 137 3.43

a Effectiveness = 100 (b-a)/b; where a = incidence rate in immunized group, and b = incidence rate in control group.
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vaccine prepared from an aerated broth culture
(G-62) is the most highly effective. The least pro-
tective effect (ignoring the ineffective vaccine K-62)
was shown by vaccine A-62 (mainly during the
second period of observation). Vaccines V-62 and
L-WHO occupied an intermediate position between
G-62 and A-62.

In addition to the control group inoculated with
tetanus toxoid (D-62), there was also a group of
people under observation in the 12 localities who for
various reasons could not be immunized-a total of
39 934 persons. A comparative study of morbidity
in this group is of interest purely from a methodo-
logical point of view, since before the advent of
strictly controlled field trials it was groups of this
kind that were used as controls in a number of
investigations. It will be seen from the figures given
in Table 5 that if this group had been selected as the
control group, the protective value of the vaccines
would have been overstated and it would have been
concluded, incorrectly, that K-62, and even D-62,
would confer protection. The material quoted pro-
vides factual confirmation of the concept that a
group of people formed on the basis of any other
methodological principles (particularly if not given a
placebo) may differ considerably with respect to the
incidence of the disease under study from a control
group formed strictly in accordance with the rules.
A comparison of the results obtained with the

results of the previous field trial (No. 4) organized
by us in 1961 is also of interest. Features common to
trials No. 4 and No. 5 are the typhoid components
of three preparations that at different times had
undergone comparative trials in different groups,
namely, the chemical vaccine A, the alcoholized
vaccine V and the heat-killed vaccine G-all three
made from an aerated broth culture. Data from
the first 10 months of observation in field trial
No. 4 have already been published in a previous
communication (Hejfec et al., 1964) and in a review
article (Hejfec, 1965).

It is now possible to analyse the data for the
30-month observation period following each of these
trials. As will be seen from Table 6, the results of
the observations are quite similar and suggest that
the heat-killed vaccine has a considerable and long-
lasting protective effect, significantly superior to that
of the remaining vaccines. It can also be seen from
the data that the difference is due mainly to a
reduction in the protective effect of the chemical and
alcoholized vaccines during the second half of the
observation period (after the eleventh month).
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The distribution of paratyphoid B cases among

the groups under observation in field trial No. 5
(Table 7) shows that not one of the preparations
tested conferred protection against this infection.
This conclusion remains the same if the numbers of
sick persons in the groups given either of the two
chemical vaccines (54 persons), the two corpuscular
vaccines (47 persons) and the two preparations
without a typhoid component (L-WHO and D-62)
(52 persons) are added together. The distribution of
cases of paratyphoid A was similar.

LABORATORY STUDY

Agglutinin titres in vaccinated persons
During the field trial, in 1962, blood specimens

were taken from 538 persons before and after
vaccination. The fresh sera were immediately
lyophilized with sterile precautions, without the
addition of a preservative or an adjuvant. The sera
taken from one person at different times were tested
in the same experiment, all six preparations being
tested for.
The agglutination test for determination of

H-antibody titres was carried out with " d " antigens
prepared in the Leningrad Institute for Research on

Vaccines and Sera. The Vi- and 0-antibody titres
were determined by means of the passive haem-
agglutination test (Spaun, 1952a, 1952b, 1957;
Landy & Lamb, 1953; Landy, Trapani & Clark,
1955); the Vi antibodies were tested with an antigen
prepared in the Moscow Institute of Epidemiology

and Microbiology, while 0 antibodies were deter-
mined through use of the Boivin antigen (strain
0-901) which was activated by being placed in a

boiling-water bath for two hours. A single batch of
each of the antigens was used for all the experiments.
The reading and statistical processing of the results
were based on an analysis of the geometric mean

titres determined on the basis not only of dilution
but also of intensity of reaction (Spaun, 1956).
The results of the tests are given in Tables 8, 9 and
10. It was found that there was an increase in
H-antibody titres in persons vaccinated with the
G-62, V-62 and L-WHO vaccines and an increase in
0 and Vi-antibody titres in those vaccinated with
any of the five vaccines. Only the control group
failed to show an increase. A vaccine which showed
a markedly high increase in H-antibody titres was

G-62, which gave the best result (the difference as
measured by the " t" test between vaccines G-62
and V-62 was significant at the 5% level). There
was no essential difference between the V-62 and
L-WHO vaccines. The chemical vaccines A-62 and
K-62 produced no H-antibody titres. The largest
Vi-antibody titres were produced by the A-62
vaccine, with V-62 and G-62 in second place,
L-WHO in third place and K-62 in fourth place (the
significance of the difference between the A-62 and
V-62 vaccines, between the A-62 and G-62 vaccines
and between the V-62 and L-WHO vaccines was

reliable with P <0.02).
With respect to 0-antibody titres, the G-62

vaccine was superior to the A-62 vaccine (P <0.05).

TABLE 7

CASES OF PARATYPHOID A AND B IN THE VACCINATED
AND CONTROL GROUPS

Number of cases of paratyphoid B Number of cases of paratyphoid A

Vaccine Months after Total Rat Months after i Total Ratsecond injection number ate second injection number Rate
of per of per

2-11 12-31 cases 1000 2-11 12-31 cases 1000

A-62 13 12 25 0.55 6 9 15 0.33

K -62 12 17 29 0.65 7 7 14 0.31

V -62 9 17 26 0.57 4 9 13 0.29

G-62 10 11 21 0.46 6 10 16 0.35

L-WHO 9 14 23 0.64 5 8 13 0.36

D-62 15 14 29 0.65 8 7 15 0.33
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The remaining preparations, which occupied an
intermediate position, showed no significant differ-
ence from each other or from A-62 and G-62.

Passive mouse-protection test with human sera
The sera were administered by the intraperitoneal

route to white mice weighing 12-14 g divided
randomly into groups. A challenge dose of a
12-hour culture was also administered intra-
peritoneally after an interval of one hour.
The tests were carried out with two test cultures:

Salmonella typhi Ty 2/4446 in a dose of 25 x 1O0
organisms (i.e., 6-8 LD5O) in a salt solution and
Vi-negative Salmonella typhi 5501 (Standfast, 1960)
in a dose of 50 x 106 organisms (50-60 LD5O) mixed
with semi-liquid (0.3 %) agar.
When the Vi-positive strain Ty 2 was used as test

culture (Tables 11 and 12), an improvement was
noted in the protective properties of the sera from
persons immunized with four of the vaccines,' but
there was no improvement in the protective pro-
perties of the sera of those inoculated with tetanus
toxoid (D-62). The protective properties of the sera
taken before vaccination did not differ in any of the
five groups selected for vaccination. Consideration
of the results of examination of sera taken 20-30
days after the first injection (Table 11) shows the
smallest rise in preventive properties in the sera from
persons inoculated with K-62 and the largest rise in
those inoculated with A-62. Vaccines V-62 and
G-62, which showed almost identical results,
occupied an intermediate position. Consideration
of the results of examination of sera taken four to
five months after the second injection (Table 12)
also revealed that sera taken from people vaccinated
with K-62 had the lowest protective capacity, while
no significant difference was found in the protective
properties of sera from persons inoculated with
vaccines A-62, V-62 and G-62.
When the Vi-negative 5501 strain was used as test

culture (Table 13), an increase in protective pro-
perties was noted in sera taken from persons
vaccinated with A-62, G-62, V-62 and K-62, but
there was no increase in the D-62 control group.
In this particular test no significant difference was
found between the protective values of sera from
persons inoculated with the various test prepara-
tions.

I The same applied to the L-WHO vaccine, but the results
are not quoted for comparison with the other vaccines
because most of the sera were taken from persons vaccinated
in localities where the L-WHO vaccine was not used.
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TABLE 11

COMPARISON OF THE PROTECTIVE PROPERTIES OF HUMAN SERA BEFORE
AND 20-30 DAYS AFTER IMMUNIZATION

(PASSIVE MOUSE-PROTECTION TEST AGAINST SALMONELLA TYPHI TY 2/4446)

Ratio of the number of surviving mice (numerator) to the number Median dose of the serum (in ml)
of mice in the experiment (denominator) and its confidence limits,

No. of in relation to the dose of serum after immunization
Vaccine persons Sera obtained before Sera obtained 20-30 days

immunization after immunization PDso Lma, min

0.1 ml 0.05 ml 0.1 ml 0.05 ml 0.025 ml

A-62 24 55/120 31/120 96/120 74/120 47/120 0.029 0.043 0.019

K -62 35 49/175 24/175 103/175 54/175 23/175 0.084 0.110 0.064

V -62 28 57/140 40/140 89/140 65/140 36/140 0.072 0.104 0.051

G-62 23 44/115 24/115 82/115 41/115 21/115 0.053 0.066 0.043

D-62 17 26/85 15/85 30/85 11/85 10/85 (0.6) (3.8) (0.1)

Culture control Statistical analysis

Dose (total bacteria) 25x10' 15x10' 6.25x 106 3.12x 106 A-K A-G G-V
A-V G-K V-K

Ratio of mice killed
to total mice 65/65 61/65 56/65 24/65 Significance of the mean

difference <0.001 <0.01 N.S.

Significance of regression P<0.001 P<0.001 P<0.001

LDso= 3.83 x 106 Lmax = 4.07 x 106 Lmin = 3.67 x 10' Significance of deviation from
parallelism N.S. N.S. N.S.

Agglutinin titres in rabbits
Chinchilla rabbits weighing 1800-2000 g with

negative titres of 0, H and Vi agglutinins, divided
into groups of 21-22 rabbits for each vaccine, were
inoculated intravenously four times at intervals of
seven days with doses of 0.5 ml of vaccine diluted
1: 10. The sera were examined seven days after each
injection. The method used in the agglutination test
for detection of H and Vi antibodies was similar to
that described above for examining human sera. The
agglutination test for determining 0 antibodies was
carried out with antigen IX (an S. typhi 0 antigen).
Table 14 shows the results of examination of the sera
at various periods after immunization. The nature
of the ratios between the titres evoked by the various
vaccines remained largely similar whenever the sera
were examined.

In all the analyses, the highest 0-antibody titres
were found in the sera of rabbits inoculated with
vaccines V-62, G-62 and L-WHO, there being no

essential difference between the three. Vaccines
A-62 and K-62, which also behaved identically in
this test, evoked lower 0-antibody titres than the
other three vaccines (e.g., the significance of the
difference in the titres found after the first injection
with vaccines G-62 and K-62 was P <0.001 according
to the " t" test).
No H antibodies could be detected after inocula-

tion with vaccines A-62 and K-62. Vaccine G-62
brought about higher titres of H antibodies than
the L-WHO vaccine, although this difference was
most marked after the first injection and gradually
lessened following subsequent injections. After the
first injection there was a significant difference in
H-antibody levels between rabbits vaccinated with
G-62 and those receiving V-62 (P <0.05) and also
between those given G-62 and those given L-WHO
(P <0.001).
The Vi antibodies, determined by means of the

passive haemagglutination test, were discovered in
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TABLE 12
COMPARISON OF THE PROTECTIVE PROPERTIES OF HUMAN SERA BEFORE

AND FOUR TO FIVE MONTHS AFTER IMMUNIZATION
(PASSIVE MOUSE-PROTECTION TEST AGAINST SALMONELLA TYPHI TY 2/4446)

Ratio of the number of surviving mice (numerator) to the number Median dose of the serum (in ml)
of mice in the experiment (denominator) and its confidence limits,

No. of in relation to the dose of serum after immunization
Vaccine persons Sera obtained before Sera obtained 4-5 months

immunization after immunization PDso Lm Lmin

0.1 ml 0.05 ml 0.1 ml 0.05 ml 0.025 ml

A-62 50 106/250 54/250 174/250 110/250 61/250 0.057 0.066 0.050

K -62 54 80/270 39/270 163/270 63/270 37/270 0.084 0.102 0.069

V -62 50 123/250 67/250 178/250 114/250 62/250 0.055 0.063 0.048

G-62 50 76/250 45/250 153/250 91/250 51/250 0.068 0.084 0.056

D-62 12 19/60 13/60 17/60 10/60 8/60 (3.6) (94.8) (0.1)

Culture control Statistical analysis

Dose (total bacteria) 25 x 106 12.5 x 106 6.25 x 106 3.12 x 10' A-G V G
A-K V-K

A-V G-K

Ratio of mice killed
to total mice 90/90 87/90 51/90 21/90 Significance of the mean

difference N.S. P<0.05

Significance of regression P<0.001 P<0.001

LD5o= 3.65 x 106 Lmax = 3.85 x 10' Lmin = 3.45 x 106 Significance of deviation from
parallelism N.S. N.S.

the highest dilution in the sera of rabbits inoculated
with the V-62 vaccine, particularly after the fourth
injection. The lowest titres of Vi antibodies were
found after immunization with the G-62 vaccine,
while A-62, K-62 and L-WHO occupied an inter-
mediate position. In contrast to the course of
changes in the H-antibody level, the difference in the
Vi-antibody titres became most marked after each
injection.

Passive mouse-protection test with rabbit sera

The investigations covered sera obtained before
immunization and seven days after the fourth
injection. The method used was the same as that
described above for human sera.
When the Vi-positive strain was used as a test

culture (Table 15), a significant increase in the
protective properties of sera was noted after inocula-
tion, for all the vaccines. In this series of tests the
sera of rabbits inoculated with L-WHO, G-62 and
K-62 vaccines proved least active, there being no
substantial difference between the three. The

highest protective capacity was displayed by sera
from rabbits inoculated with V-62 and A-62 vaccines,
which showed a significant difference in activity
from the sera of rabbits inoculated with the other
vaccines.
When the protective properties of sera were tested

in relation to the Vi-negative strain 5501 (Table 16),
no differences were found in the activity of the sera
obtained after vaccination.

Active mouse-protection test
White mice weighing 12-14 g were randomly

divided into groups. The vaccines were administered
subcutaneously in a single dose. A challenge dose of
a culture was administered intraperitoneally 12-14
days later. When the Vi-positive strain Ty 2 was
used as a test culture, the challenge dose (25 x 106
bacteria, i.e., about 7 LD5O) was administered in
physiological saline. In these tests (Table 17), the
highest potency was shown by the A-62 vaccine,
followed by G-62 and V-62, which did not differ
substantially from each other. Vaccine K-62 dis-
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TABLE 13
COMPARISON OF THE PROTECTIVE PROPERTIES OF HUMAN SERA BEFORE

AND FOUR TO FIVE MONTHS AFTER IMMUNIZATION
(PASSIVE MOUSE-PROTECTION TEST AGAINST SALMONELLA TYPHI 5501)

Ratio of the number of surviving mice (numerator) to the number Median dose of the serum (in ml)
of mice in the experiment (denominator) and its confidence limits,

No. of in relation to the dose of serum after Immunization
Vaccine persons Sera obtained before Sera obtained 4-5 months

iimmunization after immunization PDso Lmsx Lmjn
0.02 ml 0.005 ml 0.02 ml 0.01 ml 0.005 ml

A-62 38 40/190 15/190 95/190 59/175 26/190 0.028 0.057 0.013

K -62 47 51/235 19/235 118/235 65/215 42/235 0.026 0.034 0.016

V -62 48 49/240 15/240 107/240 47/225 24/240 0.050 0.103 0.021

G-62 45 54/225 16/225 123/225 73/205 35/225 0.019 0.027 0.014

D-62 18 20/90 5/90 31/90 13/90 8/90 (0.11) (0.27) (0.024)

Culture control Statistical analysis

Dose (total bacteria) 3.125 x 10' 1.56 x 10' 0.78 x 10' 0.39 x 10'| For the six
pairs of

_ vaccines

Ratio of mice killed
to total mice 80/80 67/80 44/80 22/80 Significance of the mean

difference N.S.

Significance of regression P<0.01

LDs. = 0.695 x 10' Lmax = 0.746 x 10 Lmin = 0.646 x 10 Significance of deviation from
parallelism N.S.

played the least activity, while the L-WHO vaccine,
which occupied an intermediate position, showed a
significant difference both from K-62 and from
A-62, G-62 and V-62.
When the Vi-negative strain 5501 was used as a

test culture, the challenge dose (5 x 106 organisms,
i.e., over 4 LD5o) was administered mixed with
semi-liquid 0.3 % agar. In these tests (Table 18),
only the A-62 vaccine showed a significantly higher
level of activity than the others. The remainder did
not differ significantly from one another.

DISCUSSION AND CONCLUSIONS

The observations carried out established that a
heat-killed vaccine G-62, prepared from a culture
grown on broth under aeration, conferred the
greatest protection against typhoid in human beings.
It was significantly more effective than the chemical
vaccine A-62, made from complete antigens. The
effectiveness of the chemical vaccine was roughly the
same as in previous trials. The dried alcoholized

vaccine V-62 and the dried L-WHO vaccine occupied
an intermediate place. One of the preparations (the
K-62 vaccine) had no protective effect. The ratios
of the activities of the heat-killed, alcoholized and
chemical vaccines in this trial were similar to those
obtained in the previous trial (No. 4).

Parallel study of the vaccines in laboratory experi-
ments led to the conclusion that the vaccine that
proved most effective (G-62) brought about the
highest level of H-antibody production, as was
found when sera from inoculated persons and
rabbits were tested. The vaccine which proved
ineffective (K-62) did not lead to the formation of
H-antibodies. At the same time, vaccine A-62, which
also failed completely to bring about the formation
of H-antibodies in either human beings or rabbits,
proved to possess a marked protective capacity,
which did not differ significantly from that of
vaccine V-62, which occupied second place with
respect to H-antibody formation.

It was impossible to find any relationship between
the protective capacities of the preparations and
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TABLE 14
AGGLUTININ TITRES IN IMMUNIZED RABBITS (MEAN LOGARITHMS FOR SERIES, x;

STANDARD ERRORS OF THE MEAN, Sj)

0-antibody titres after:

1st
immu-
niza-
tion

2.08

0.122

1.64

0.130

2.52

0.121

2.65

0.216

2.37

0.143

2nd
immu-
niza-
tion

2.16

0.130

2.11

0.118

2.60

0.089

2.57

0.118

2.45

0.122

3rd
immu-
niza-
tion

2.48

0.122

2.35

0.126

2.81

0.118

2.88

0.130

2.58

0.109

4th
immu-
niza-
tion

2.47

0.130

2.35

0.094

2.62

0.049

2.75

0.100

2.51

0.170

H-antibody titres after:

1st
immu-
niza-
tion

0.98

0.076

1.01

0.123

1.50

0.123

2.10

0.109

1.32

0.127

2nd 3rd
immu- immu-
niza- niza-
tion tion

1.07

0.166

1.00

0.001

2.18

0.167

3.08

0.117

1.64

0.170

0.95

0.07

0.94

0.040

2.57

0.130

2.92

0.040

2.10

0.140

4th
lmmu-
niza-
tion

0.85

0

0.92

0.089

2.73

0.133

2.94

0.075

2.52

0.160

Vi-antibody titres after:

1st 2nd
immu- immu-
niza- niza-
tion tion

0.88

0.043

0.95

0.060

1.87

0.116

0.86

0

0.91

0.058

1.21

0.085

1.50

0.078

2.40

0.100

0.86

0

0.94

0.044

3rd
immu-
niza-
tion

1.51

0.160

1.80

0.040

2.95

0.104

1.10

0.100

1.37

0.089

4th
immu-
niza-
tion

1.91

0.415

1.63

0.061

3.33

0.072

1.13

0.090

1.53

0.126

Significance of the difference (P) according to the" t " test

After 1st After 4th After 1st After 4th After 1st After 4th
immunization immunization immunization immunization immunization immunization

A-K N.S. N.S. N.S. N.S. N.S. N.S.

A-V <0.02 N.S. <0.001 <0.001 <0.001 <0.001

A-G <0.001 N.S. <0.001 <0.001 N.S. <0.05

A-L N.S. N.S. <0.05 <0.001 N.S. <0.05

K-V <0.001 N.S. <0.05 <0.001 <0.001 <0.001

K-G <0.001 <0.05 <0.001 <0.001 <0.05 <0.001

K-L <0.05 N.S. <0.05 <0.001 N.S. N.S.

V-G N.S. N.S. <0.05 N.S. <0.001 <0.001

V-L N.S. N.S. N.S. N.S. <0.001 <0.001

G-L N.S. N.S. <0.001 <0.05 N.S. <0.05

their activity with respect to Vi-antibody formation.
The most effective vaccine (G-62) evoked lower
titres of Vi antibodies in rabbits than the other
preparations and was inferior to a less effective
preparation (A-62) in its production of Vi antibodies
in vaccinated persons. At the same time an in-
effective preparation (K-62) did not differ with
respect to Vi-antibody formation from two effective
preparations (A-62 and L-WHO) in rabbit immuniza-
tion tests. The results of the measurement of
Vi-haemagglutinin titres in human beings and rabbits
inoculated with the test vaccines correlate with data
on the protective capacity of the corresponding

groups of sera in the passive mouse-protection
test with the Vi-positive strain.
No relationship was revealed between the effective-

ness of the vaccines and their ability to form 0 anti-
bodies. In experiments on rabbits, the ineffective
vaccine K-62 and the effective vaccine A-62 produced
identical titres of 0 antibodies.

Thus, no success attended efforts to find some
relationship between the effectiveness of the vaccines
being compared and their capacity to stimulate
antibody formation. The comparisons quoted
throw serious doubt on the importance of differences
in Vi-antibody formation for the effectiveness of the

A-62

K-62

V-62

G-62

L-WHO

x

sx
x

Sx
x

s-x
x

x

S_x

ls
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TABLE 15
COMPARISON OF THE PROTECTIVE PROPERTIES OF SERA FROM INTRAVENOUSLY IMMUNIZED RABBITS a

(PASSIVE MOUSE-PROTECTION TEST AGAINST SALMONELLA TYPHI TY 2/4446)

Median dose of the serum (in ml)
Ratio of the number of surviving mice (numerator) to the number and its confidence limits,

of mice in the experiment (denominator) in relation to the dose of serum after immunization
(at level of significance 0.05)

Vaccines Sera obtained
before Sera obtained after immunization

immunization PDso Lmax Lmin
0.1 ml 10.05 ml 0.1 ml 0.05 ml 0.025 ml 0.0125 ml 0.0062 ml

A-62 1/95 0/95 66/86 59/86 40/86 21/48 - 0.019 0.037 0.006

K -62 1/95 0/95 46/86 21/86 17/86 3/48 - 0.185 0.390 0.086

V -62 0/95 0/95 (83/86) 83/86 70/86 71/86 32/69 0.004 0.007 0.003

G-62 0/95 0/95 46/86 30/86 26/86 7/48 - 0.450 4.435 0.046

L-WHO 0/86 1/86 45/86 40/86 32/86 13/48 - (0.45) (4.50) (0.05)

Culture control Statistical analysis

Dose V-A V-L G-L
(total bacteria) 20 x 106 10 x 10' 5 x 106 2.5 x 10' V-K A-K A-L L-K

V-G A-G K-G

Ratio of mice
killed to total Significance of the
mice 51/51 48/51 41/51 41/51 difference <0.001 <0.05 N.S.

Significance of
regression <0.001 <0.001 <0.001

LDs.= 0.29 x 10 Lmax = 1.69 x 10 Lmin= 0.05 x I' Significance ofdeviation from
parallelism N.S. N.S. N.S.

a Data in parentheses were excluded from analysis according to recommendations of Bliss (1939).

vaccine. At the same time, the results obtained fail
to disclose whether the presence of Vi antigen in a
vaccine is necessary at all. It was a component of all
the vaccines, and so it is not known whether a
vaccine would have possessed protective properties
without it. On the other hand, the presence of this
component (e.g., in K-62) does not by itself gua-
rantee that a vaccine will be effective. Obviously the
differences in the effectiveness of the different vac-
cines cannot be ascribed wholly to differences in their
quantitative content of particular antigens. What
is important is rather that the biological components
(including any unknown components that may be
present) should suffer the least possible qualitative
and quantitative damage at the various stages of
conversion of a bacterial culture into a vaccine.
From this point of view, the relationship between
the effectiveness of the vaccine and its capacity for
H-antibody formation, noted both in this field trial

and in other trials (Yugoslav Typhoid Commission,
1962; Typhoid Panel, UK Department of Technical
Co-operation, 1964; Yugoslav Typhoid Commis-
sion, 1964; Hejfec et al., 1964) does not so much
bear witness to the importance of the H antigens for
immunity as show that this very labile component is
probably merely a good indicator of the degree of
damage suffered by a culture.
Even so, the complete typhoid antigen contained

in the A-62 vaccine and obtained as a result of a
very harsh procedure (leading to the complete loss
of H antigen) possessed a marked protective power,
although less than that of the typhoid component of
the heat-killed divalent vaccine.
From the above it follows that it is probably not

possible to use the level of agglutination titres, either
in human beings or rabbits, as a criterion for the
comparative evaluation of typhoid vaccines pre-
pared by various methods.
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TABLE 16
COMPARISON OF THE PROTECTIVE PROPERTIES OF SERA FROM INTRAVENOUSLY IMMUNIZED RABBITS

(PASSIVE MOUSE-PROTECTION TEST AGAINST SALMONELLA TYPHI 5501)

Ratio of the number of surviving mice (numerator) to the number Median dose of the serum (in ml)
of mice in the experiment (denominator) and its confidence limits, after immunizationVaccine in relation to the dose of serum (at level of significance 0.05)

Sera obtained before Sera obtained after immunizationimmunization PD,. Lmax Lmin
0.4 x 10-2 ml 0.8 x 103 mlI 0.8 x 10-3ml 1.6 x 104 ml 3.2 x 105ml

A-62 17/94 17/114 104/117 62/117 50/117 0.08 x 10'4 0.55 x 10-' 0.01 x 10-'

K -62 11/94 12/114 99/117 83/117 49/117 0.06 x 10-5 0.80 x 10-4 0.04 x 10-

V-62 10/94 10/114 107/117 93/117 48/117 0.10 x 10-4 0.65 x 10-4 0.02 x 10-4

G-62 12/94 12/114 102/117 99/117 68/117 0.03 x 10' 0.25 x 10-4 0.04 x 10-

L-WHO 21/94 6/114 109/117 83/117 70/117 0.04 x 10-' 0.64 x 10-4 0.01 x 10-'

Culture control Statistical analysis

Dose (total bacteria) 5 x 10' 2.5 x 10' 1.25 x 10' 0.625 x 10' For the ten pairs
I__________________________________________________________________ of vaccines

Ratio of mice killed
to total mice 63/70 52/70 41/70 30/70 Significance of the mean
_______________________________ ____________________________ _ difference N.S. (P>0.05)

Significance of regression P<0.001
LDso = 1.12 X 10' Lmax = 1.29 x 10' Lmin = 0.97 x 10' Significance of deviation from

parallelism N.S. (P>0.05)

The analysis of other tests carried out on the
vaccines suggests that none of them can be fully
recommended for the comparative evaluation of
typhoid vaccines that differ in their degree of effec-
tiveness. In some tests, the difference between the
effective vaccines was probably due to differences
in such factors as their antigenic composition.
Obviously, it may be owing to this very fact that the
V-62 and A-62 vaccines (containing the highest
amount of Vi antigen) proved most active in the pas-
sive mouse-protection test with the Vi-positive strain
(particularly when the sera from hyperimmunized
rabbits were tested). In some tests no difference was
found between the effective and ineffective vaccines.
In the passive mouse-protection tests with the
Vi-negative strain, whether using human or rabbit
sera, the K-62 vaccine did not differ from A-62, G-62
and V-62. In the active mouse-protection test with
the Vi-negative strain, the K-62 vaccine did not
differ from G-62, V-62 and L-WHO. At the same
time, one of the tests (the active mouse-protection
test with strain Ty 2/4446) can probably be used as a
criterion for detecting preparations ineffective for

man. However, this possibility is limited by the
quite narrow conditions of the experiment and the
need to introduce into it a preparation that has
already been tested in an epidemiological trial. The
need for experimental evaluation by means of com-
parison with such a reference vaccine is due to the
fact that, as will be seen from the results quoted
above, an ineffective preparation is quite capable of
leading to an increase in the protective properties of
the sera of vaccinated human beings and animals and
of displaying activity in direct experiments on mice.
For that reason, investigation of any preparation,
considered separately, by means of any of the
laboratory tests may demonstrate only that it
possesses some specific activity; it cannot be taken
as a proof of its protective effect for man. In addition
to the need to use a reference vaccine in experiments
to determine whether a test preparation is effective
or not, it is no less important that the preparation
being tested and the reference vaccine should be
compared in equivalent doses, i.e., in doses that
constitute equal fractions of the doses prescribed for
man.
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TABLE 17

COMPARISON OF THE TYPHOID COMPONENT IN THE ACTIVE
SALMONELLA TY 2/4446 a

MOUSE-PROTECTION TEST AGAINST

Ratio of the number of surviving mice (numerator) to the number Median dose of the serum (in ml)
of mice in the experiment (denominator) and its confidence limits

Vaccine in relation to the dose of vaccine (at level of significance 0.05)

0.1563 ml 0.0313 ml 0.0063 ml 0.003 ml 0.0003 ml EDso Lmax Lmin

A-62 (95/97) 90/96 74/96 34/88 3/93 0.32 x 10-2 | 0.46 x 10-2 0.22 X 10-2

K -62 52/95 11/94 7/93 (3/94) (1186) 2.17 12.8 0.36

V-62 81/93 76/95 47/95 15/93 8/94 0.70 x 10-' 1.34 x 10-2 0.44 x 102t

G-62 88/99 77/95 56/93 14/99 2/95 0.66 x 10' 1.20 x 10-2 0.43 x 10-2

L-WHO 83/94 44/89 16/93 3/94 (8/90) 2.42 x 10-' 3.84 x 10-2 1.52 x 10'

Culture control Statistical analysis

Dose A-G K-V A-V K-l
(total bacteria) 25x10 12.5x10' 6.25x106 3.125x10' A-K K-G G-V

__________________________________A-L G-L V-I
Ratio of mice
killed to total Significance of the
mice 48/48 39/47 40/47 30/45 mean difference <0.001 <0.02 N.S.

Significance of
regression <0.001 <0.001 <0.001

LD.o= 0.1 x 10' Lmax = 2.12 x 106 Lmin= 0.06 x 106
bacteria Significance of devia-

tion from parallelism N.S. N.S. N.S.

a Data In parentheses were excluded from analysis according to recommendations of Bliss (1939).

TABLE 18
COMPARISON OF THE TYPHOID COMPONENT IN THE ACTIVE MOUSE-PROTECTION TEST AGAINST

SALMONELLA TYPHI 5501

Ratio of the number of surviving mice (numerator) Median dose of the serum (in ml)
to the number of mice in the experiment (denominator) and its confidence limits

Vaccine in relation to the dose of vaccine (at level of significance 0.05)

0.50 ml 0.10 ml 0.02 ml EDso Lmax Lmin

A-62 47/60 31/59 12/59 0.11 0.15 0.08

K -62 34/58 24/54 11/54 0.33 1.09 0.10

V -62 34/59 20/56 7/59 0.33 0.70 0.15

G-62 34/53 22/57 8/60 0.28 0.60 0.13

L-WHO 34/58 13/59 11/61 1.06 3.33 0.17

Culture control Statistical analysis

5x 106 2.5x 106 1.25x 10' 0.625x 10'

Ratio of mice
killed to total
mice 44/46 34/45 24/44 13/34

LD., = 1.13 x 10'bacteria Lmax = 1.33 x 106
Lmin= 0.97 x 106

A-G A-I

A-V

Significance of the difference

Significance of regression

Significance of deviation
from parallelism

P<0.05

P<0.001

N.S.

A-K K-V K-G K-L

V-G V-L G-L

N.S.

P<0.001

N.S.
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Thus, the use of a laboratory test for determining
whether a vaccine is effective or not can be recognized
as theoretically possible, but so far there are no
grounds for recommending such a test as a sub-
stitute for a field trial, or even for deciding which
of a number of effective typhoid vaccines is the
most effective. Indeed, for the time being the field
trial remains the only method of settling such prob-
lems as a rational immunization schedule, the
duration of immunity, the effective dose, and the
degree of protection conferred to man by a vaccine.

In evaluating the results set forth above from
this point of view, it must be mentioned that four of
the preparations tested were effective not in general
but when definite conditions of use were complied
with, particularly with regard to dosage. From that
point of view, not one of the preparations can be
described as having low reaction-causing properties.
A substantial decrease in the dose, as has been

shown earlier (Hejfec, 1965), may lead not only to a
reduction in the reactions caused but also to a loss
of effectiveness. The fact that one of the vaccines
tested (G-62) was more effective than the other
preparations, as shown in the fourth field trial and
the present one, when conditions of use were the
same in all cases, is probably an indication that the
method of preparing the vaccine ensures the main-
tenance of the most rational combination of the
various components forming the immunizing sub-
stance in the bacterial culture. The results obtained
give no grounds for suggesting that any of the
known components is of predominant importance in
making a typhoid vaccine more highly effective.

In conclusion it must be emphasized that this
vaccine has not only proved more effective than the
others in two field trials but also that its level of
effectiveness (also almost identical in the two trials)
can be considered sufficiently high.
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RlISUMI

L'Institut Mecnikov de Moscou a mene une serie
d'etudes sur les vaccins antityphoidiques. Les resultats
des quatre premieres vaccinations de masse ainsi r6alisees
ont 6t6 publies separ6ment et condenses dans un article
precedent du Bulletin de l'Organisation mondiale de la
SantM. La cinquieme experimentation, dont les resultats
sont rapportes dans le pr6sent travail, a ete entreprise A
la demande du Ministere de la Sante de 1'URSS et a
beneficie de l'appui de 1'OMS.
Des groupes homogenes par le sexe, l'age et l'exposition

anterieure a diverses maladies ont ete formes parmi
261 492 personnes, en majorite des enfants d'age scolaire,
dans 16 divisions administratives. Cinq preparations de
vaccin ont Wt6 employ6es: quatre vaccins mixtes anti-
typho-paratyphoidiques dont un vaccin tue par la chaleur
et phenole, un vaccin traite A l'alcool, deux vaccins dits
chimiques (complexes polysaccharides-lipoides), et un
vaccin antityphoidique monovalent, tu6 par la chaleur,
dess6chd et additionne de ph6nol. Les vaccins ont ete
administres chacun dans des groupes choisis au hasard,
un groupe temoin recevant de l'anatoxine t6tanique.
Deux injections ont e pratiqu6es A 20-30 jours d'inter-
valle. L'etude n'a tenu compte que des cas confirmes
par une hemoculture positive et apparus au moins trente

jours apres',la seconde injection vaccinale. Des h6mo-
cultures ont ete faites dans tous les cas de maladie febrile
d'une dur6e superieure a trois jours, quel qu'ait ete le
diagnostic.

L'antigene typholdique du vaccin mixte tu6 par la
chaleur a ete le plus efficace; l'un des vaccins chimiques a
et6 inactif; aucun des quatre vaccins mixtes n'a prot6g6
contre la paratyphoide B.

Les r6sultats des Etudes de laboratoire et de cette
experimentation de masse n'ont pas ete entierement
concordants. Le pouvoir protecteur d'un vaccin semble
correspondre A la protection active obtenue chez la
souris par l'administration d'une dose immunisante.
L'efficacite des vaccins et les titres en anticorps H
observ6s chez l'homme et le lapin apres immunisation ont
pr6sente une certaine correlation; mais il n'est pas pos-
sible d'en conclure que l'anticorps H est A la base de
l'immunit6 contre la fievre typholde. On n'a pu 6tablir
de correlation entre l'efficacite des vaccins et les titres en
anticorps 0 et Vi ou les resultats des epreuves de protec-
tion passive chez la souris. Les auteurs estiment que les
diffrences d'activite peuvent etre dues A des alterations
des composants biologiques au cours de la preparation
des vaccins. L'efficacite depend egalement du dosage.
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