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Results of the Study of Typhoid Vaccines
in Four Controlled Field Trials in the USSR

L. B. HEJFEC 1

Infield trials oftyphoid vaccine in the USSR, a comparison was made ofthe effectiveness
of chemical, heat-killed, and alcoholized vaccines. All of them conferred protection if
administered in sufficient dosage, and variations in effectiveness could usually be traced to
size ofdosage. The heat-killed vaccine, however, appeared to be significantly more effective
than the others. The immunological history of a vaccinated person apparently had no
essential influence on the effectiveness ofa vaccine, and the data indicated that two doses of
the vaccine conferred no greater protection than one.

In order to determine the efficacy of vaccines
against typhoid fever, as well as to solve some
particular problems of vaccination, five controlled
field trials and laboratory tests were carried out in
the USSR in the period 1958-62.
The fifth field trial, conducted in collaboration

with WHO, was begun only in 1962 (this trial
included the WHO dried heat-killed phenol-pre-
served vaccine L). The results of the first four
field trials have already been published elsewhere.2
The effectiveness of different typhoid vaccines

has been the subject of numerous investigations
since the end of the last century (e.g., Vysokovic,
1900; Wright, 1900) until the present time.
Most of these studies, particularly in the period

before the Second World War, supported the con-
clusion that typhoid vaccines were effective (some-
times highly effective). At the same time, some
facts were observed that led other workers to
conclude that antityphoid vaccination was ineffective.
The publication of a great number of contradictory
observations during and after the Second World War
and the still unresolved problem of how to choose
the most effective type of vaccine led to a re-examina-
tion of the previous observations and to a new
approach to future investigations based on modern
scientific concepts.

This new attitude to the planning and organiza-
tion of field trials led to a demand for strictly con-

Mecnikov Institute of Vaccines and Sera, Moscow.
Field trial No. 1: Hejfec & Hazanov (1959b); Hejfec et

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

trolled trials (Hill, 1951). The idea of controlled
field trials resulted from studies of various vaccines
in various countries, e.g., pertussis vaccine (Great
Britain, Medical Research Council, 1951; Cock-
burn, 1955), poliomyelitis vaccine (Poliomyelitis
Vaccine Evaluation Center, 1957; Barojan, 1959),
influenza preparations (Barojan, 1960) and typhoid
vaccines (Cvjetanovic, 1957, 1960; Yugoslav Ty-
phoid Commission, 1957, 1962; Hejfec & Hazanov,
1959a, 1959b; Hejfec et al., 1962).
In the course of these trials, the formation of the

groups to be kept under observation (including the
obligatory control group) was based on the modern
theory of planning experiments and on the applica-
tion of probability theory to the organization of
field trials. Much thought was given to problems
such as the selection of representative groups and
the exclusion of systematic error and to ensuring
that the data obtained were statistically significant.

Strictly controlled tests for evaluating the
effectiveness of typhoid vaccines in the field trials
conducted in Yugoslavia, the USSR, British Guiana
and Poland have produced convincing and scienti-
fically dependable data that have resolved many of
the former contradictions.

PLANNING AND ORGANIZATION OF FIELD TRIALS

The controlled field trials were aimed at obtaining
answers to the following questions:

(1) What degree of protection results from a single
injection of the polyvalent vaccine NIISI prepared
by the Mecnikov Institute of Vaccines and Sera,
Moscow? This is a polyvalent chemical enteric
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vaccine 1 made from complete antigens, and it has
been widely used in the USSR for many years.

(2) Is it possible to immunize children effectively
with an adsorbed chemical vaccine of the same type
as the polyvaccine, but with fewer components?
What are the most suitable dosages and prescription
and administration schedules?

(3) What is the comparative effectiveness of two
divalent typhoid-paratyphoid vaccines widely used
in practice-the adsorbed chemical vaccine and the
alcoholized corpuscular vaccine-as manufactured
in routine production?

(4) What is the comparative effectiveness of
vaccines produced by different methods, e.g., heat-
killed, alcoholized and chemical vaccines?

Side by side with these field trials, certain labo-
ratory tests were carried out on the vaccines, and an
attempt was made to correlate the results with those
of the field trials.2
The field trials were conducted during the period

1958-62. The methods used, although improved
in the course of the five trials, were based on the
following main principles:

(a) vaccination of a control group (particularly
with tetanus toxoid);

(b) formation of the groups on the random-
sample principle, using a specially devised system of
registration;

(c) the giving of a code letter to the preparations
(including the preparation for the control group).
Code letters, representing the different vaccines

to be used in the field trial, were printed at random
in one column of the special forms for compiling
the list of persons to be vaccinated. In this list, the
name, age and home address of the person to be
vaccinated were recorded on registration. Then the
registrar filled in an individual vaccination card for
each vaccinated person, on which he wrote the code
letter that was against the name of the person on
the list, together with all the relevant information.
The completed card was then handed to the vacci-
nator, who inoculated the person concerned with
the vaccine designated by the code letter on the card.
The random assignment of code letters on the list
ensured an equal likelihood of assignment to any of
the groups, including the control group, to which

1 In the USSR the term " chemical vaccine " is used for
preparations that do not contain microbial cells but consist
of polysaccharide-lipoid complex.

' Data on the active mouse-protection test were presented
to the WHO Expert Committee on Biological Standardiza-
tion (1963).

the tetanus toxoid, also designated by code letters,
was administered. Throughout the trial, the code
letters of the vaccines were known only to the
persons who issued the preparations.
A detailed description of the methods used in

these field trials has been given elsewhere (Hejfec &
Hazanov, 1959a, 1959b).

This procedure made it possible to divide the
people concerned into any number of groups for
observation, almost identical in numbers and in
other respects. The close similarity of the groups
can be seen from the details for the people covered
by one of the field trials (Table 1). Similar data
were obtained in the other series of observations
(Hejfec et al., 1961b; Hazanov et al., 1962a, 1962b).
Identity between the groups under observation in
respect of sanitational and epidemiological con-
ditions is of decisive importance, in order to ensure
that they are equally exposed to infection. In this
connexion, it is a fact of great importance that in all
four trials the incidence of all diseases other than
those for which the vaccine was being administered
was absolutely identical in all the groups. This
shows that any difference (if statistically significant)
in the incidence of typhoid fever between vaccinated
and control groups was due to the vaccination and
not to any other circumstance.

All the field trials were conducted in areas (spe-
cially selected after a thorough analysis of morbidity)
in which in the period preceding the observations
morbidity was still high enough to give significant
results. The disease was usually related to water-
borne infection.

In the first trial, only the adult population (manual
and office workers and students) were vaccinated,
but thereafter only schoolchildren. Vaccination was
carried out by a special team consisting of physician,
vaccinator and registrar. When children were being
vaccinated, the team was usually headed by a
paediatrician (generally the school doctor). The
target for each team was to vaccinate 1500-2500
children, according to the size of the school in which
the team was working.

Before the vaccination campaign, all the school-
children were given a medical examination with a
view tor detecting possible contra-indications.
The vaccination campaign began in most cases at

the beginning of April and ended in the second half
of May (the first injection being in April and the
second in May, after an interval of 20-30 days).
Registration of cases of illness in the contingent
under observation started on the first day of June
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TABLE I

COMPOSITION OF THE GROUPS UNDER OBSERVATION IN FIELD TRIAL No.
TO VARIOUS FACTORS

4 WITH RESPECT

Number of persons vaccinated with: Total number
Distinguishing factor -_______- ______ -of persons

Chemical Heat-killed Alcoholized Tetanus under
vaccine vaccine vaccine toxoid observation

Total 45 938 45187 45 594 45 772 182 491

Locality:
No. 1 4 708 4 611 4 641 4 637 18 597
No. 2 673 622 698 690 2 723
No. 3 1 495 1 456 1 456 1 478 5 885
No. 4 1 662 1 650 1 641 1 615 6 568
No. 5 4 468 4446 4 392 4 372 17 678
No. 6 4 431 4 303 4 381 4 490 17 605
No. 7 1 740 1 729 1 733 1 729 6 931
No. 8 9 059 8960 9 250 9146 36415
No. 9 4 883 4 692 4 835 4 854 19 264
No. 10 3 832 3 768 3 785 3 824 15 209
No. 11 4 425 4 370 4 339 4 368 17502
No. 12 4 562 4 540 4 443 4 569 18114

Sex:
Male 23 505 23 025 23 214 23 222 92 966
Female 22 433 22162 22 380 22 550 89 525

Age (years):
7-9 13 991 13 815 13 772 13 899 55 477

10-12 16 932 16 829 16 956 16 999 67 716
13-15 12 563 12127 12 395 12 526 49 611
16-18 2452 2416 2471 2348 9687

Water supply:

Piped water 33 991 33 374 33 749 33 514 134 628
Well 3 532 3 549 3 316 3 826 14 223
Open body of water 8415 8264 8529 8432 33640

History of typhoid vaccination:

Primary vaccination 27 239 26 324 26 870 27 086 107 519
Vaccinated In 1959-60 18 699 18 863 18 724 18 686 74 972

Previous enteric Infections 247 216 267 233 963

Infections during the observation
period (June 1961-March 1962):

Paratyphold 18 24 20 20 82
Dysentery 21 19 16 14 70
Epidemic hepatitis 37 37 27 33 134
Diphtheria 2 1 0 0 3
Measles 73 73 72 79 297
Scarlet fever 46 44 40 39 169
Chickenpox 3 5 7 5 20
Total number of cases 200 203 182 190 775
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TABLE 2. CHARACTERISTICS OF THE

Content of bacterial
components

of trial Vaccine Method of preparation Composition per millilitreof trial ~~~~~~~~~~~~~~~~~~~~~~~~TyphoidTotal only

NIISI polyvalent vaccine Complete antigens adsorbed on Typhoid, paratyphoid A and 0.76 mg 0.07 mg
1A calcium phosphate B, Flexner and Sonne dy-

sentery, tetanus

NIISI polyvalent vaccine Complete antigens adsorbed on Typhoid, paratyphoid A and 0.76 mg 0.07 mg
calcium phosphate B, Flexner and Sonne dy-

sentery, tetanus

Chemical typhoid-paratyphoid- Complete antigens adsorbed on Typhoid, paratyphoid A and 0.5 mg 0.1 mg
tetanus vaccine calcium phosphate B, tetanus

Divalent chemical typhoid-para- Complete antigens adsorbed on Typhoid and paratyphoid B 0.28 mg 0.16 mg
2 typhoid vaccine calcium phosphate or on alumi-

nium hydroxide

Divalent chemical vaccine Complete antigens adsorbed on Typhoid and paratyphoid B 0.28 mg 0.16 mg
calcium phosphate

3
Divalent alcoholized typhoid- Bacterial suspension treated Typhoid and paratyphoid B 12.5x 108 lOx 108
paratyphoid vaccine with alcohol

I~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
Monovalent chemical vaccine Complete antigen of typhoid Typhoid 0.2 mg 0.2 mg

bacteria

4 Monovalent alcoholized vaccine Bacteria suspension treated Typhoid lOx 100lOx 108
with alcohol

Monovalent heat-killed vaccine Heat-killed bacterial suspension Typhoid lox|0X1 lOx0O1
___ _ _ _ _ _ _ _ with phenol preservative _ _ _

a Doses are given in millitres. The figures in parentheses give the amounts of typhoid antigen in the dose, expressed in milli-
grams of complete antigen (chemical vaccines) or numbers of bacteria (alcoholized and heat-killed vaccines).

and lasted until February or March of the following
year.

In addition to the methods usually used by the
epidemic-control services for detecting cases of
typhoid fever (epidemiological investigation of each
focus, temporary hospitalization of suspected typhoid
cases, immediate notification, etc.), further measures
were taken for earlier and more complete case-
finding in the localities under study. One of these
measures was a compulsory blood culture for all
patients who had been feverish for more than three
days, irrespective of the diagnosis. The blood
specimens were cultivated direct on a medium of
the Rappaport type (bile salt broth with glucose).
When it was necessary to examine patients elsewhere

than in a hospital, special easily transportable bottles
of this medium were used. The primary culture
was checked in the laboratory within 7-10 days.
Blood specimens for culture were taken from in-

patients and out-patients as well as during domicili-
ary visits. Suspected typhoid-fever cases were
hospitalized in diagnosis wards, where two or three
successive blood specimens were cultured. The
information received on each patient took the form
of an immediate notification-an extract from the
case-history or the card filled in by the visiting nurse.
This information was checked against the card-index
of vaccinated persons and against lists containing
the same data but classified according to school or
place of work instead of alphabetically.

4 L. B. HEJFEC



STUDY OF TYPHOID VACCINES IN FOUR CONTROLLED FIELD TRIALS IN THE USSR

PREPARATIONS USED IN THE FOUR FIELD TRIALS

Dosage at various agesa
Injections

7 years 8 years 9 years 10 years 11 years 12 years 13 years 14 years 15 years yndover

One only 1.5
(0.1)

One only 0.5 0.5 0.5 0.5 0.5
(0.05) (0.05) (0.05) (0.05) (0.05)

One only 0.3 0.3 0.4 0.4 0.4 0.5
(0.03) (0.03) (0.04) (0.04) (0.04) (0.05)

One only 0.8 0.8 0.8 1.0 1.0 1.0 1.2 1.2 1.2
(0.128) (0.128) (0.128) (0.16) (0.16) (0.16) (0.192) (0.192) (0.192)

First injection 0.4 0.4 0.4 0.6 0.6 0.6 0.6 0.6 1.0 1.0
(0.064) (0.064) (0.064) (0.096) (0.096) (0.096) (0.096) (0.096) (0.16) (0.16)

Second Injection b 0.8 0.8 0.8 1.0 1.0 1.0 1.2 1.2 1.5 1.5
(0.128) (0.128) (0.128) (0.16) (0.16) (0.16) (0.192) (1.192) (0.24) (0.24)

First injection 0.2 0.2 0.2 0.2 0.3 0.3 0.3 0.3 0.3 0.5
(2x10') (2x 108) (2x108) (2x10') (3x 108) (3x10') (3x 108) (3x 10') (3x 108) (5x 10')

Second injection 0.4 0.4 0.4 0.4 0.6 0.6 0.6 0.6 0.6 1.5
(4x10') (4x108) (4x108) (4x10') (6x108) (6x108) (6x108) (6x108) (6x108) (1x010')

Identical first and second 0.6 0.6 0.6 1.0 1.0 1.0 1.0 1.0 1.0 1.2
injections (0.12) (0.12) (0.12) (0.2) (0.2) (0.2) (0.2) (0.2) (0.2) (0.24)

Identical first and second 0.6 0.6 0.6 1.0 1.0 1.0 | 1.0 1.0 1.0 1.2
injections (68x108) (6x108) (6x108)I xD(0x1) (10xlO) (1Oxxl0) (1Ox108) (10xlO0) (IOx1O0) (12x10$)

Identical first and second 0.6 0.6 0.6 1.0 1.0 1.0 1.0 1.0 1.0 1.2
injections [ (6xx 10') (6x 10) (6x 108) J (10x10') (10xlO) (lOx108) (10x10') (lOx108) (lOx10') (12x10')

b Also when only one injection was given.

The effectiveness of the vaccine was analysed by
comparing only the number of cases in which the
diagnosis was confirmed by a positive blood culture.
The number of faeces-positive, blood-culture-
negative cases was small; in most of them the
clinical picture was not clear-cut.

VACCINES

All the vaccines applied in the four field trials
were prepared from a culture of Salmonella typhi
Ty 2 grown on a fluid medium under deep aeration.
The chemical vaccines (the polyvalent enteric vaccine
of the Institute for Research in Sanitation and
Immunology, the similar divalent typhoid-para-
typhoid vaccine, and the monovalent typhoid

vaccine) contained complete antigens extracted by
the Raistrick & Topley technique (1934), as modified
by Kossova & Necaeva (1956), and adsorbed on
calcium phosphate or (in the case of one of the
vaccines in the second field trial) aluminium hydro-
xide. The heat-killed corpuscular vaccine was
prepared by heating a bacterial suspension for one
hour at 56°C; it contained 0.5% of phenol as a
preservative. The alcoholized corpuscular vaccine
also contained phenol as a preservative. All the
preparations were administered subcutaneously in
the region of the inferior angle of the scapula.
The proportion of the typhoid component in the

different vaccines used in the four field trials for
various age-groups is shown in Table 2. The size

5
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of the typhoid component is expressed, in the doses
of the chemical vaccines, as the amount by weight
(in milligrams) of the complete antigen and, in the
doses of the alcoholized and heat-killed vaccines, as
millions of organisms. Active mouse-protection tests
showed that 1000 million organisms correspond to
0.16-0.2 mg of the complete antigen, and these
doses cause almost identical reactions to inoculation
when administered to human beings.

RESULTS

Reactions to inoculation
In analysing the data on reactions to inoculation,

attention was mainly concentrated on two highly
objective criteria: temperature as an index of the
general reaction of the organism, and erythema and
oedema as a reflection of the local reaction. The
reaction to inoculation was checked in small groups
before the mass-vaccination campaign and then by
the vaccination teams in the first few days of the
campaign. Consequently the groups whose reactions
were checked are fully representative of the inocu-
lated groups as a whole.
The reactions were read on the day following

vaccination, 48 hours after vaccination, and, in
some small groups, 10-12 hours after vaccination.
A rise in temperature began 4-6 hours after

injection, irrespective of the type of vaccine, high
temperature occurring, in most cases, after 10-14
hours.
The temperature returned to normal in almost all

the persons vaccinated within 48 hours of the
injection, and the taking of temperatures 48 hours
after vaccination revealed almost no cases of fever.
The temperature reactions recorded on the day after
vaccination were the most closely alike in all the
field trials. As will be seen from Table 3, the tempera-
ture reactions produced by the various vaccines were
similar. This is especially obvious from the data
from trial No. 4, in which three vaccines prepared
by different methods were tried out simultaneously.
Exceptions, however, were the chemical vaccines in
trial No. lB and the alcoholized vaccine in trial
No. 3-namely, the preparations given in small
doses. To give an idea of the local reactions, Table 4
shows the results of field trial No. 4, from which it
will be seen that all three preparations caused a
roughly identical number of local inflammatory
reactions of roughly equal severity on the day
following vaccination, although one of these prepa-
rations (the chemical vaccine) contained an adsorbent
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STUDY OF TYPHOID VACCINES IN FOUR CONTROLLED FIELD TRIALS IN THE USSR

TABLE 4
LOCAL REACTIONS TO THE ADMINISTRATION OF VACCINES IN FIELD TRIAL NO. 4

Percentages of persons showing various degrees of local
Inflammatory reaction 20-24 hours after first Injection

Vaccine No. of Redness Swelling
persons

examined Up to 2.5- Over Up to 2.5- Over
None 2.5 cm 5 cm 5-7 cm 7 cm None 2.5 cm 5.0 cm 5 cm

diam. diam. diam. diam. diam. diam. diam.

Chemical 2 628 29.5 17.8 28.0 16.5 8.2 82.3 10.6 5.1 2.0

Heat-killed 2 621 27.6 19.2 28.6 16.8 7.8 81.0 11.3 5.8 1.9

Alcoholized 2 610 27.4 18.7 28.8 16.7 8.4 82.0 11.1 4.8 2.1

Tetanus toxoid 2628 39.2 30.2 23.0 6.0 1.6 86.4 9.8 3.2 0.6

-calcium phosphate. At the same time, the tetanus to evaluate the effectiveness of the typhoid com-
toxoid, which also contained an adsorbent, caused ponent in the polyvalent enteric chemical vaccine
considerably less severe reactions. These data give (the NIISI vaccine), administered to adults in a single
grounds for suggesting that the marked local dose of 1.5 ml. A detailed description of this trial
reactions are connected with the specific action of a will be found in four papers already published
substance peculiar to typhoid vaccines. (Hejfec & Hazanov, 1959b; Hejfec et al., 1961;
The similar nature and intensity of these reactions Hazanov et al., 1962a, 1962b). The observations,

probably indicate that all the vaccines tested, which covered 92981 persons in four centres of
irrespective of the method of production, contain population, indicated that this preparation, con-
the same toxic substance. taining complete antigen adsorbed on calcium

Field trial No. I phosphate and administered in a single dose, is
capable of conferring protection against typhoid

The first field trial, begun in 1958, was designed (Table 5).

TABLE 5
EFFECTIVENESS OF THE TYPHOID COMPONENT IN FIELD TRIAL NO. IA (ON ADULTS)

Vaccine Number of Morbidity Effectiveness a Statistical significance a
administered persons No. Rate K E p Lmin

of cases lper thousand (%) (%)

NIISI polyvalent vaccine 46 265 9 0.19 3.5 72 0.0002 46

Tetanus toxoid 46 716 32 0.68

a In this and subsequent tables, the following symbols are used:
K morbidity in the control group (b)

morbidity in the experimental group (a)
E100 (b-a)E b

n
P probability under the null hypothesis, determined from the binomial distribution, i.e., E (n) N+ )n-N2 )n,whereNtZk) '(N+N2! (N+ N2)

k= 0
and Ng are the numbers of persons vaccinated in each group and n is the total number of cases. P may be obtained from Tables of
the cumulative binomial probabilities (U.S. Government Printing Offlce, Ordnance Corps Pamphlet ORDP 20-1, September 1952).

Lmin = the lower confidence limit at 5 % level of signlflcance = 100 I1-NJP % where p is obtained from the formula
n0

(n)pkqn-k = 0.05, n. being the number of cases in the group vaccinated with polyvalent vaccine.
k = 0

7
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TABLE 6
EFFECTIVENESS OF THE TYPHOID COMPONENT IN ADMINISTRATION OF REDUCED DOSES OF POLYVALENT

VACCINE AND SMALL DOSES OF TYPHOID-PARATYPHOID VACCINE IN FIELD TRIAL NO. 1B (SCHOOLCHILDREN)

Age Vaccine Number ~~~~~~~~Morbidity Effectiveness
(years) Vaccine of children No. Rate per Ee Significance

vaccinated of cases thousand (%)

7-12 Chemical typhoid-paratyphoid
vaccine in small doses 16632 33 1.98 1.1 11.0 None

Tetanus toxoid 16112 36 2.23

13-16 NIISI polyvalent vaccine in
small doses 13602 12 0.88 1.5 33.0 None

Tetanus toxoid 13 673 18 1.32

The preparation used differed from the ordinary
polyvalent vaccine in the absence of a cholera
component, which considerably reduced its reaction-
causing properties and made it possible to recom-
mend it for extensive use among adults.

In the same year, 1958, observations were carried
out on the immunization of schoolchildren with a
preparation of the same type as the NIISI poly-
valent vaccine (Table 6) but containing only four
components (typhoid, paratyphoid A and B, tetanus
toxoid). The preparation was given to 16 632
schoolchildren (7-12 years old), while a further
16 112 children (the control group) were vaccinated
with tetanus toxoid only.
As this was the first attempt to use an a,dsorbed

chemical vaccine for large-scale vaccination of
children, only small doses of the preparation were
given (one dose contained 0.03-0.04 mg of typhoid
antigen, i.e., 2.5-3.3 times as little as in the polyvalent
vaccine). During a 10-month observation period,
33 cases of typhoid fever were recorded among the
vaccinated and 36 cases in the control group.' This
preparation therefore did not protect children against
typhoid fever when administered in these doses.

It should also be noted that the 1958 trial showed
the ineffectiveness of the usual polyvalent vaccine
when it was used in reduced doses to inoculate
children in the 12-16-year age-group (0.05 mg of
typhoid component per dose). Twelve children
contracted the disease in the group of 13 602 children
vaccinated as against 18 in the control group of
13 673 children.

1 Throughout this paper only the typhoid cases confirmed
bacteriologically by means of a blood culture have been
quoted.

These data led to the conclusion that the in-
effectiveness of the adsorbed complete typhoid
antigen for children was due to the doses being too
small, since this vaccine had proved quite effective
when given to adults. This supposition was con-
firmed in field trial No. 2.

Field trial No. 2

The second field trial was carried out in 1959 in
an attempt to determine whether it would be possible
to immunize schoolchildren with a single dose of
the adsorbed chemical vaccine, equal to, or even
greater than, the adult dose (0.128-0.192 mg). The
increase in the dose of typhoid antigen administered
did not give rise to any significant increase in the
intensity of the reaction to inoculation, since the
preparation issued in 1959 contained only two
bacterial antigens (typhoid and paratyphoid B), so
that the total amount of antigen in the dose adminis-
tered was only 20%-30% of the amount contained
in an adult dose of the polyvalent vaccine.
The results of the study of the adsorbed chemical

vaccine (typhoid, paratyphoid and tetanus) were
given in a special report by Hejfec et al. (1961b).
The observations covered 52 747 persons split by
random selection into three equal and in every way
identical groups. One group acted as the control
group and was given the tetanus toxoid; the other
two groups of persons were injected with the
preparation under study, but two different types of
adsorbent were used-calcium phosphate and
aluminium hydroxide.
Our observations (Table 7) showed that both

modifications of the vaccine, containing a higher
dose of typhoid antigen than did the 1958 vaccine,
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TABLE 7
EFFECTIVENESS OF THE TYPHOID COMPONENT IN THE ADSORBED CHEMICAL VACCINE

(TYPHOID-PARATYPHOID-TETANUS) ACCORDING TO DATA FROM FIELD TRIAL NO. 2 (IN SCHOOLCHILDREN
7-16 YEARS OLD)

Morbidity overStisca
|Number | 8-month observation Effectiveness Statistical

Vaccine administered of persons
vaccinated No. Rate per K E p Lmin

of cases thousand ( (

Chemical vaccine adsorbed on cal-
cium phosphate 17669 22 1.25 2.4 58 0.0003 34

Chemical vaccine adsorbed on alumi-
nium hydroxide 17482 20 1.14 2.6 61 0.00005 39

Tetanus toxoid 17 696 52 2.94

conferred effective protection against typhoid on

school-age children.
These data confirmed the results of the first

strictly controlled trial with regard to the possibility
of effective vaccination against typhoid with one
dose of an adsorbed chemical typhoid vaccine.

Field trial No. 3

Field trial No. 3 was carried out in 1960. Its
purposes were:

(a) to make a comparative study of the alcoholized
corpuscular and the adsorbed chemical typhoid-
paratyphoid vaccines proposed for the mass immuni-
zation of school-age children, and

(b) to compare the effectiveness of the adsorbed
chemical vaccine when given in a single dose or in
two doses at an interval of 20-30 days.

The preparations studied were taken from produc-
tion batches without any special selection and
administered in the doses laid down in the official
instructions in force in 1960. Data on the reaction-
causing properties of these vaccines, a description
of the groups inoculated and some other details
were given in a special report (Hejfec et al., 1962).
The results of these observations (Table 8) confirmed
the findings of the previous two tests with regard
to the feasibility of conferring effective protection
with a single dose of the adsorbed chemical typhoid
vaccine. It was found that giving two injections of
the vaccine at an interval of 20-30 days (the first
dose being half the size of the second, as in the case

of the alcoholized vaccine) did not confer any
greater protection than the single-dose method.
The alcoholized vaccine, administered in the doses

that were generally accepted in that period (200-300

TABLE 8
EFFECTIVENESS OF THE TYPHOID COMPONENT IN THE ALCOHOLIZED CORPUSCULAR AND ADSORBED CHEMICAL

VACCINES ACCORDING TO THE DATA FROM FIELD TRIAL NO. 3

Morbidity during Statistical
8-month observation Effectiveness significance

Vaccine administered Number period~~~~vaccinated-
No. Rate per K E p Lmin

of cases thousand |_K_ (%) _ _ (%)

One dose of chemical vaccine 22 451 9 0.40 4.3 77 0.000007 55

Two doses of chemical vaccine 22 344 12 0.54 3.1 68 0.00009 44

Two doses of alcoholized vaccine 22269 24 1.08 1.6 37 0.07 0

Tetanus toxoid 22304 38 1.70

9
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TABLE 9
EFFECTIVENESS OF THE THREE MONOVALENT TYPHOID VACCINES ACCORDING TO DATA FROM FIELD TRIAL NO. 4

T ~~~~~~Morbidity during Statistical
l10-month observation Effectiveness significanceVaccine Number period

administered vaccinated
No. Rate per K E P Lmin

of cases thousand ) (%)

Chemical vaccine 45 938 28 0.61 2.4 59 0.00001 40

Heat-killed vaccine 45187 13 0.29 5.2 81 <0.00001 68

Alcoholized vaccine 45 594 23 0.50 2.9 66 <0.00001 49

Tetanus toxoid 45772 68 1.49

million organisms in the first dose and 400-600
million in the second dose), did not appear to have
much effect and was clearly inferior to the chemical
vaccine.' The relatively slight reaction-causing
properties of this vaccine compared with those of
the chemical vaccine and its conferment of a certain
degree of protection only on persons not previously
inoculated suggested, by analogy with the two
previous trials, that the doses of alcoholized vaccine
given to children were inadequate.

Field trial No. 4
A fourth field trial (Table 9) was carried out in

1961 with the aim of comparing the effectiveness of
typhoid vaccines produced by different methods.
All three monovalent antityphoid preparations-the
heat-killed corpuscular vaccine, the alcoholized
corpuscular vaccine and the adsorbed chemical
vaccine-were prepared from a single microbial
suspension grown on broth under deep aeration.
The observations in 1961, as in the previous two

trials, were conducted on children of school age, as
the group with the highest incidence of typhoid.
All the preparations under study were given in two
doses at an interval of 20-30 days, but, in contrast
to the previous trial, the first and second doses were
in this case equal. The doses of the chemical vaccine
did not differ essentially from those given in 1959
and 1960, but the doses of the alcoholized vaccine
were considerably increased (600-1000 million
organisms per injection). The doses of the heat-
killed and alcoholized vaccines were equal. These
doses, selected on the basis of preliminary obser-

1 In this and the previous trials no data are given on
paratyphoid, since the number of cases in the groups under
observation was too small for any conclusions to be drawn.

vations, produced an almost identical number of
temperature reactions in the groups vaccinated with
the three preparations.
As a result of the observations, statistically

significant data were obtained on the effectiveness of
all three vaccines (Table 9).
The heat-killed vaccine was found to be the most

effective when all conditions were equal; the differ-
ence in morbidity rate between the groups vaccinated
with the heat-killed and chemical vaccines was
statistically significant (P = 0.029).

In contrast to the findings from the previous test,
the effectiveness of the alcoholized vaccine was
equal to, or even somewhat superior to, that of the
chemical vaccine, although the difference was not
statistically significant. This enhanced effectiveness
can be ascribed only to the considerable increase
in the dose of alcoholized vaccine administered
compared with that in 1960. Thus, these data
confirmed the conclusions drawn from the two
previous trials regarding the importance of adequate
dosage for obtaining epidemiological effect; this
applies not only to the chemical vaccine but also
to the corpuscular typhoid vaccine administered in
two doses. The administration of two doses of the
adsorbed chemical vaccine in this trial failed to
enhance its effectiveness over that obtained in the
previous trials, when only one injection had been
given.

DISCUSSION

Since in each of the four controlled field trials the
adsorbed chemical vaccine of the Mecnikov Institute
in Moscow was tested, a brief review of all the
available data on the preparation will perhaps be of
interest. A review of this kind is all the more
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justified because, in all four trials, the observations
were conducted in exactly the same way and the
observation period of 10 months included the
majority of the cases recorded, which occurred in
the six to eight months following immunization.
In field trial No. 3, when the effectiveness of one

inoculation of the chemical vaccine was compared
with the effectiveness of two, the observations were

made in parallel, after immunization of the group

given only one injection. In that trial, the first
injection of those to be given two doses was made
in April and the second in May. The persons to be
given only one injection were vaccinated in May.
Observations began in June. In all the other trials,
observations also began in June.
As will be seen from Table 10, variation in the

effectiveness of the typhoid component in the
adsorbed chemical vaccine was insignificant in the
different trials, irrespective of the number of in-
jections.

It is also of interest to consider the data on the
effectiveness of the different vaccines in primary
vaccination and re-vaccination.
Table 11 summarizes the data from the four field

trials. For each trial, the persons under observation
are divided into two groups-persons vaccinated for
the first time and persons who had already been vac-

cinated against typhoid fever a year before or within
the previous two years (usually with the chemical
vaccine).

Moreover, this revaccinated group also includes
persons who were revaccinated during field trial
No. 2, four months after having been given a single
dose of the vaccine in May 1959. Persons in the
groups under observation were excluded from the
table if no reliable information was available on

previous vaccinations.
As will be seen from the data in Table 1 1, revacci-

nation is somewhat more effective than primary
vaccination among groups immunized with one dose
of the chemical vaccine or with two doses of the
alcoholized and heat-killed vaccines. This difference
in effectiveness, however, is not statistically signifi-
cant. Also, among the groups given two doses of
the chemical vaccine no difference in effectiveness
was noted between primary vaccination and re-

vaccination.
Thus, the immunological history of the vaccinated

in respect of previous injections against typhoid
proved to have no essential influence on the effective-
ness of the test vaccines under the conditions that
obtained in the four field trials.
The data given in Tables 10 and 11 do not fit in

with the theory current in immunology that the

TABLE 10
DATA ON THE EFFECTIVENESS OF THE TYHPOID COMPONENT IN THE ADSORBED CHEMICAL VACCINE

IN THE FOUR FIELD TRIALS

Vaccination in one dose Vaccination in two doses
No._

of field Groups Number Morbidity Effectiveness Number Morbidity Effectiveness
trial of persons No. of Rate per K E of persons No. of Rate per E

in group cases thousand K W in group cases thousand K %

1 Test 46 265 9 0.19 3.5 72

Control 46 716 32 0.68

2 Test 17 669 22 1.25 2.4 58

Control 17 696 52 2.94

3 Test 22 451 9 0.40 4.3 77 22 344 12 0.54 3.1 68

Control 22 304 38 1.70 22 304 38 1.70

4 Test 45 938 28 0.61 2.4 59

Control 45772 68 1.49

Test 86 385 40 0.46 3.0 67 68282 40 0.59 2.7 62

Control 86 716 122 1.41 L 68 076 106 1.56

11



TABLE 11
EFFECTIVENESS OF PRIMARY VACCINATION AND REVACCINATION

Previously unvaccinated Previously vaccinated

No. Morbidity Effective- Morbidity Effective-
of field Vaccine Number ness Number ness

trial
o esn fRtof persons No. of Rate per K E of persons No. of Rate per K E

cases| thousand (%) cases thousand (%)

NIISI polyvalent vaccine
(one dose) 22 235 7 0.31 1.9 46 20 611 2 0.10 5.8 83
Toxoid 22135 13 0.59 21 314 12 0.56

Chemical (one dose) 13 765 17 1.24 2.3 56 3 904 5 1.28 2.6 61

Chemical (one dose) a 13 747 15 1.09 2.6 61 3 735 5 1.34 2.5 60

Toxoid 13 766 39 2.83 3 930 13 3.31

2 I
Chemical (one dose) 15 940 5 0.31 3.4 70

Chemical (one dose) a 15 975 6 0.38 2.8 64

Toxoid 16137 17 1.05

Chemical (one dose) 7114 2 0.28 5.9 83 12246 6 0.49 4.1 76

3 Chemical (two doses) 6 964 4 0.57 2.9 65 12820 8 0.62 3.2 69

Toxoid 7 229 12 1.66 12 385 25 2.02

Chemical (two doses) 27239 18 0.66 2.6 61 18699 10 0.53 2.2 55

Alcoholized (two doses) 26 870 17 0.63 2.7 63 18 724 6 0.32 3.7 73
4

Heat-killed (two doses) 26 324 9 0.34 5.0 80 18 863 4 0.21 5.6 82

Toxoid 27 086 46 1.70 18 686 22 1.18

Total Chemical (one dose) 43114 26 0.60 2.5 60 52702 18 0.34 3.7 73
for

1, 2 and 3 Toxoid 43 130 64 1.48 53 802 67 1.25

Total Chemical (two doses) 34203 22 0.64 2.6 62 31 519 18 0.57 2.6 61

3 and 4 Toxoid 134 315 58 1 31 071 47 1.51

a Group not included in the total result.

number of injections of vaccine influences the effect
obtained-a theory based mainly on data from
research on antitoxic immunity. This circumstance
makes it necessary to be cautious in drawing con-
clusions from the data given in Tables 10 and 11.
As yet, this material provides a basis only for
stating that the conclusions arising from it are
justifiable under the particular conditions under
which the field trials were conducted, taking into
account particularly the facts that a number of the
persons in the trials had had typhoid fever in the past
and that the persons revaccinated had generally
been primarily vaccinated with one dose of the

chemical vaccine. At the same time, the data obtained
justify serious consideration of the prospects of
single-dose immunization against typhoid.

It is difficult to say whether the conclusions that
can now be drawn with regard to the adsorbed
chemical vaccine also apply to other vaccines, since
no strictly controlled field trials have yet been con-
ducted for assessing the effectiveness of single-dose
immunization with corpuscular vaccines.

In the investigation of the relationship between the
effectiveness of a preparation and the method by
which it was manufactured, it was found that the
chemical and alcoholized vaccines differed in trial

12 L. D. HEJFEC
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TABLE 12
EFFECTIVENESS OF TWO VACCINES IN RELATION TO DOSAGE

Small doses Large doses

Effective- Effective-
Vaccine No. of Morbidity ness No No. of Morbidity ness

trialf persons trialf persons htria in group No. of Rate per K E tial in group No. of Rate per E
cases thousand (%) cases thousand K %)

Chemical (one dose) 17 669 22 1.25 2.4 58
16 632 33 1.98 1.1 11 2

1B 17 482 20 1.14 2.6 61

Tetanus toxoid 16112 36 2.23 17 696 52 2.94

NIISI polyvalent vaccine
(one dose) 13602 12 0.88 1.5 33 46265 9 0.19 3.5 72

lB I
Tetanus toxoid 13 673 18 1.32 46 716 32 0.68

Alcoholized vaccine (two
doses) 22 269 24 1.08 1.6 37 45 594 23 0.50 2.9 66

3 4Tetanus toxoid 22304 38 1.70 45 772 68 1.49

No. 3 but not in trial No. 4. The reason for this is
that the alcoholized vaccine in trial No. 3 was used
in small doses, while in trial No. 4 the doses were
considerably increased. The explanation for the
difference in this case, therefore, lies not in the
method of production, but in the amount of
the immunizing substance contained in the pri-
mary dose.

It is also interesting to note that the reaction-
causing properties of a preparation are proportional
to its protective potency: in trial No. 3 the alcoholized
vaccine caused fewer reactions than the chemical
vaccine, but in trial No. 4 there was no difference
between the two. However, trial No. 4 showed that
the heat-killed vaccine was more effective than either
the chemical or the alcoholized vaccine, although

the reaction-causing properties of all three were
roughly the same. This may be due to the method
of preparing the heat-killed vaccine, which may
preserve an immunologically important component
better than the other two methods or may simply
ensure a higher content of immunizing substance
per unit of measurement.

In conclusion, Table 12 summarizes data on the
importance of dosages for obtaining a protective
effect both in single-dose immunization with the
chemical vaccine and with double-dose administra-
tion of the alcoholized vaccine.
These data show that inadequate protection may

be conferred, irrespective of the method of produc-
tion of the vaccine and the number of injections
given, if the doses are not sufficiently large.

RtlSUMI2

Au cours de la periode 1958-1962, on a procede, en
URSS, a quatre essais pratiques visant A evaluer l'effica-
cit6 de divers vaccins antitypholdiques. Une cinquieme
enquete, entreprise en 1962 avec la collaboration de
l'OMS, est en cours. Ces essais se sont deroules dans des
conditions de contr6le tres strictes: chaque preparation
de vaccin etait design6e par un indicatif code, les groupes
d'epreuve etaient constitues par randomisation et les
temoins recevaient de l'anatoxine tetanique. Un travail
d'analyse minutieux a confirme que les diff6rents groupes
6taient pleinement comparables A tous les egards. Pendant
toute la periode d'observation, on s'est particulierement

attache A depister les cas de typhoide aussi t6t et aussi
bien que possible dans les localites ou se deroulait
l'experience. Parmi les mesures prises A cet effet, la plus
efficace a consiste a prelever systematiquement un echan-
tillon de sang, aux fins de culture, chez tous les malades
fievreux depuis plus de trois jours, sans tenir compte du
diagnostic. Grace a ces cultures et aux autres moyens
d'investigation, on a pu mettre en 6vidence un nombre
considerable de formes cliniques benignes, ce qui est
d'une importance capitale pour l'evaluation objective
de l'efficacite epidemiologique d'un vaccin, surtout dans
le cas d'un essai comparatif.

2
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Les observations ont permis d'etablir que toutes les
preparations essay6es prot6geaient les personnes vacci-
nees i raison de 60 a 80%, par rapport aux sujets non
vaccin6s. Le respect rigoureux de la dose indiquee cons-
titue une condition sine qua non pour obtenir cette pro-
tection: pour deux types de vaccin, il est apparu qu'une
dose deux ou trois fois moindre etait inefficace. A la
diff6rence des doses protectrices, ces petites doses provo-
quent en gen6ral assez peu de r6actions. Administr6s
aux doses prescrites, les divers types de vaccin n'ont
guere differe quant au nombre et a la nature des reactions
qu'ils ont provoqu6es. L'etude comparative de 1'effica-
cite de trois vaccins de preparation diff6rente: vaccin
tue par la chaleur et phenole, vaccin ai I'alcool et vaccin
dit # chimique ) (ne contenant pas d'elements bacteriens,

mais un complexe polysaccharides-lipoides) a montr6
que le vaccin tu6 par la chaleur etait le plus efficace, les
taux d'efficacit6 etant respectivement de 81 %, 66% et
59%. Le vaccin ( chimique# s'est revele un peu moins
efficace que le vaccin tue par la chaleur, mais il presente
I'avantage considerable de pouvoir etre administre en
une seule dose. Ce vaccin a ete administre dans tous les
essais, soit en une soit en deux injections, sans que l'on
puisse observer de difference d'efficacit6. (Pour les autres
vaccins, deux doses ont 6te administrees 'a 20-30 jours
d'intervalle.) Le coefficient d'efficacit6 du vaccin ( chi-
mique)> a varie de 58 a 77% pour I'administration en une
seule dose, et de 59 a 68 % pour I'administration en deux
doses. Au cours des essais, on a pu determiner les doses
efficaces de ce vaccin pour les adultes et pour les enfants.
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