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The Present Status of Field and Laboratory Studies
of Typhoid and Paratyphoid Vaccines

With Special Reference to Studies Sponsored by
the World Health Organization

B. CVJETANOVIR1 & K. UEMURA 2

The authors present a summary of the information yielded by a number of collaborative
field and laboratory studies of typhoid vaccines conducted under the auspices of the World
Health Organization, comparing, in particular, the results of various controlledfield trials
carried out in British Guiana, Poland, the USSR and Yugoslavia, and attempting to evaluate
the effectiveness of the vaccines in man.

Acetone-inactivated typhoid vaccine, which has been established as an international
reference preparation, has been proved in field trials to be ofa high degree of effectiveness
and to confer protection of long duration.

Comparison of the results of the field trials with those of laboratory studies indicate
that further research is needed in order to develop a test or tests the results of which can
be fully correlated with the effectiveness of typhoid vaccines as demonstrated in man.

Reference is also made to field studies ofparatyphoid vaccines.

Ten years ago the World Health Organization
sponsored the first controlled field trial of typhoid
vaccines in Yugoslavia (Yugoslav Typhoid Commis-
sion, 1962) in order to obtain unequivocal evidence
of the effectiveness of these vaccines; this was
partly because it had been observed that earlier
field studies had many defects (Cockburn, 1955;
Cvjetanovi6, 1961). Since then WHO has sponsored
and assisted several field trials of typhoid vaccines
in four countries. It has also organized extensive
international collaborative laboratory assays in
order to find a suitable laboratory test which could
be correlated with the effectiveness of various types
of typhoid vaccine in man. It was hoped that such a
test might replace a controlled field trial in man,
which is expensive and difficult to organize, and
might be used for the measurement of the potency
of typhoid vaccines.

This paper attempts to summarize these studies
and to compare the results obtained in field trials
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with serological studies on man and various labora-
tory potency tests.
The results of strictly controlled field trials which

have been undertaken with typhoid vaccines up to
the present time, either through the intermediary of
WHO or independently, have been published in the
Bulletin of the World Health Organization (Yugoslav
Typhoid Commission, 1962, 1964; Typhoid Panel,
UK Department of Technical Co-operation, 1964;
Hejfec, 1965; 3 Khasanov et al., 1962; Polish Typhoid
Committee, 1965). Most of the laboratory studies
on these vaccines have also been published in this
Bulletin (for instance, those of Edsall et al., 1959;
Fisek et al., 1959; Standfast, 1960a, 1960b; Spaun &
Uemura, 1964).
These field trials can be divided into two groups

for the sake of convenience. Some trials are con-
cerned with the study of the effectiveness of typhoid
vaccines that have been established as international
reference preparations (WHO Expert Committee on
Biological Standardization, 1963)-namely, acetone-
inactivated vaccine (given the code-letter K) and

3A further paper by L. B. Hejfec is in preparation.
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heated-phenol inactivated vaccine (code-letter L).
The other trials deal with various other types of
vaccine, some of which represent combined typhoid-
paratyphoid antigen.
The preparation of typhoid vaccines and their

physical and chemical properties have been described
in the above-mentioned publications reporting the
results of field trials and elsewhere. So far as the
International Reference Preparations of Typhoid
Vaccine are concerned, these have also been fully
described and characterized by the Division of
Immunology, Walter Reed Army Institute of
Research (1964) and the Walter Reed Army Institute
of Research & International Laboratory for Bio-
logical Standardization, Statens Seruminstitut (1964).

MONOVALENT TYPHOID VACCINES

International reference vaccines K and L
Effectiveness infield trials in man. Vaccines K and

L were tested in the four trials whose results are
summarized briefly in Tables 1 and 2.
The results obtained in volunteers immunized with

two doses are presented in Table 1. The numbers of
persons included in the trials were fairly large. The
results indicate with statistical significance that both
vaccines K and L are effective, and that vaccine K
is superior to vaccine L.

Table 2 presents results obtained in persons who
received only one dose because they failed for some
reason to receive the second dose. The numbers of
persons receiving only one dose were rather small,
and-as certain studies have shown (Cvjetanovic,
1961)-they generally represent those who are less
co-operative in immunization campaigns and who
in some ways differ from the majority of volunteers.
The results presented in Table 2 have therefore to
be interpreted with caution. However, they do
indicate that one dose of vaccine K or L was
effective.
The effectiveness of vaccines K and L is not only

of a high degree but also of long duration, as is
seen from Fig. 1. The graph indicates that the
duration of the effectiveness of typhoid vaccines is
much longer than was anticipated, and a booster
dose is therefore not needed more often than perhaps
every 3-5 years when an initially potent vaccine is
used.
The protection induced by the acetone-inactivated

vaccine (K) declines only slowly, whereas the heat-
phenol inactivated vaccine appears to show a more
rapid decline.

FIG. 1
EFFECTIVENESS OF TYPHOID VACCINES K AND L
AS OBSERVED IN CONTROLLED FIELD TRIALS IN

BRITISH GUIANA, POLAND, USSR AND YUGOSLAVIA
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Serological tests in man. The serological responses
of man to typhoid vaccines, in particular vaccines
K and L, have been summarized in the papers
mentioned above and in that by Benenson (1964).
In studies with alcohol and heat-phenol vaccines
(Yugoslav Typhoid Commission, 1962) and in the
study of acetone-dried and heat-phenol vaccines
(Typhoid Panel, UK Department of Technical
Co-operation, 1964) it was demonstrated that only H
antibodies mirror the relative potency of the vaccines
tested, while 0 and Vi antibody responses to vaccine
do not indicate their relative effectiveness in man.

Animal potency tests. Twenty laboratories in 12
countries have performed 14 different types of
assays in order to discover which of the existing
laboratory techniques best indicates the relative
effectiveness of vaccines K and L in man. The
summary report on these studies (Spaun & Uemura,
1964) has revealed that certain types of laboratory
test do mirror the relative effectiveness of these
vaccines in man better than others, but that other
tests-for instance, the passive mouse protection
tests-give opposite results.
Table 3 shows the results obtained with five of

the eight different types of active mouse protection
test used. At the moment these seem to be the best
available methods of measuring the potency of
typhoid vaccines (with the exception of the alcohol-
inactivated type of vaccine). The active mouse
protection tests with only one immunizing dose
(with or without mucin) seem best to mirror the

lAn
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TABLE 3
RELATIVE POTENCY OF VACCINE K IN TERMS

OF VACCINE La ESTIMATED FROM CONSOLIDATED
RESULTS OF ACTIVE MOUSE PROTECTION TESTS

PERFORMED IN EACH LABORATORY

Nof Combined 95%
Experimentb experiments potency of confidenceexperments vaccine K limits

Type B 72 1.08 0.89-1.31

Type C 30 1.22 0.93-1.60

Type P 25 2.08 0.59-7.34

Type N 23 3.63 c 1.82-7.26

Type D 18 1.0 0.18-5.7

a Potency of vaccine L = 1.
b Type B: two subcutaneous doses 14 days apart; challenge

4 weeks later with 250 million organisms (Ty 2) in saline.
Type C: two subcutaneous doses 14 days apart; challenge

I week later with 50-100 million organisms (Ty 2) in saline.
Type P: one subcutaneous dose; challenge 1-2 weeks later

with (Ty 2) in saline.
Type N: one intraperitoneal dose (one laboratory gave two

doses subcutaneously); challenge 6-14 days later (Ty 2 or
V 58 or 63) with mucin.

Type D: one or two doses subcutaneously or intraperitone-
ally; challenge with Vi-negative S. typhi 6-14 days later.

c Potency is significantly different from unity (P<0.05).

results in field trials. However, the results of these
tests tend to differ when performed in various
laboratories, and even in the same laboratory they
often give different results.

The titration of rabbit sera was performed on only
small groups of animals. Consequently, the results
of these investigations were rather imprecise.
Nevertheless they seem to support the assumption
that vaccine K is more potent than vaccine L in elicit-
ing H antibody production in rabbits after one
immunization, although both vaccines stimulate H
antibody at a similar rate after four immunizations
(Spaun & Uemura, 1964).
Thus the above tests, although to some extent

reflecting the results obtained in the field tests,
cannot be fully correlated with the effectiveness of
the vaccines in man. In order to find a laboratory
test which would give consistent results and which
would predict the results to be obtained in the field,
further studies are needed.

Other types of typhoid vaccines
In some WHO-sponsored controlled field trials and

also in trials which were not sponsored by WHO but
the reports onwhichhavebeenpublished in the Bulletin
of the World Health Organization, other types of
vaccine were used in addition to the acetone-inacti-
vated (K) and heat-phenol inactivated (L) vaccines.

Effectiveness in field trials on man. A summary
of these other studies is presented in Table 4. For
the sake of completeness, reference is again made to
vaccines K and L where those vaccines were studied
together with others. Information similar to that
shown in Table 4 is also presented in Fig. 2, where

FIG. 2
EFFECTIVENESS OF VARIOUS TYPHOID VACCINES AS OBSERVED IN CONTROLLED FIELD TRIALS

IN POLAND, USSR AND YUGOSLAVIA
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33PRESENT STATUS OF FIELD AND LABORATORY STUDIES OF TYPHOID VACCINES

TABLE 4. RESULTS OF CONTROLLED FIELD TRIALS OF TYPHOID VACCINES
OTHER THAN VACCINES K AND L

Conry (and sonsind theo Type of vaccine Effecti-Years reference) pesonsiln the (and number of doses) a veness ofpierdtilvaccine b

1954-60 Yugoslavia 35 508; Heat-phenol (2) 73 %
(Yugoslav 2-50 years of age
Typhoid Com- Alcohol (2) 39 %
mission, 1965)

Control: dysentery Flexner 11(2)

1961-63 Poland (Polish 331 617; Acetone, dried (K) (2) 87 %
Typhoid Com- schoolchildren,
mittee, 1965) 5-14 years of age Endotoxoid: Grasset-Slopek (T) (2) 61 %

Formol-phenol (N) (2) 90 %

359 038; Endotoxoid: Westphal (S) (2) 0 c

adults Acetone, dried (P) (2) 53 % C

1962-63 USSR 298 561; Heat-phenol, dried (L) (2) 74 %
(Hejfec, to be schoolchildren
published) Heat-phenol typhoid + paratyphoid Bpublished) ~~~~~(G)(2) 86%

Alcohol (V) (2) 75 %
Chemical, Me6nikov (A) (2) 61 %
Chemical, Gamaleja (K) (2) 23 %
Control: Tetanus toxoid (2)

1958-59 USSR 92981; NIISI polyvaccine: Me6nikov (1) 72%
(Khasanov et 16-60 years
al., 1962) Control: Tetanus toxoid (1)

1958 32 744; Chemical, low dose (1) I1 %c
7-12 years

Control: Tetanus toxoid (1)

1958 27 275; NIISI polyvaccine, low dose (1) 33 %
13-16 years

Control: Tetanus toxoid (1)

1959 USSR 52847; Chemical adsorbed on calcium
(Hejfec, 1965) 7-16 years phosphate (1) 58 %

Chemical adsorbed on aluminium
hydroxide (1) 61 %

Control: Tetanus toxoid (1)

1980 89 368; Adsorbed chemical vaccine (1) 77 %
schoolchildren

Adsorbed chemical vaccine (2) 68 %

Alcohol (2) 37% c

Control: Tetanus toxoid (1)

1961 182 491; Adsorbed chemical vaccine (2) 59 %
schoolchildren

Heat-killed (2) 81%

Alcohol (2) 66%

Control: Tetanus toxoid (2)

a The letters in parentheses are WHO code-letters by which the vaccines have been referred
to In the publications cited.

b EffectIveness _ 100 (b - a). where a = the incidence In the immunized group, and
b ' b = the incidence in the control group.

c Based on few cases; results unreliable.
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the duration of protection is also indicated. The data
contained in Table 4 are not susceptible of straight-
forward comparison. However, some conclusions
can be drawn from them if account is also taken of
the results of trials presented in Tables 1 and 2.

First, the acetone-inactivated vaccine (K) has been
shown to be generally superior to other vaccines.

Secondly, the heat-phenol inactivated vaccine (L)
is next in effectiveness to the acetone-inactivated
vaccine. As far as the data indicate, it has always
proved effective, irrespective of where it was pro-
duced and whether or not it was combined with
other antigens.

Thirdly, the alcoholized vaccine appears to give
slightly lower protection than that conferred by
vaccines K and L.

Fourthly, some polyvaccines or chemical-type
vaccines which represent extracted complete ty-
phoid antigens have given relatively good protection
when administered in high dosage, while others
have not. Some vaccines of this type have conferred
protection with a single dose (a similar observation
was made with the acetone-inactivated vaccine in
British Guiana children).

Fifthly, the endotoxoid type of vaccine has con-

ferred a low degree of protection (although the
Grasset-Slopek type has given better results than
the Westphal type).

Sixthly, adjuvants do not seem to be of much use

in typhoid vaccines.

The conclusions presented above are further sub-
stantiated by Fig. 2, which indicates that potent
vaccine tends to protect not only to a higher degree
but also for a longer time.

Other conclusions may also, of course, be drawn,
and they will be found in the original papers (Yugo-
slav Typhoid Commission, 1962, 1964; Typhoid
Panel, UK Department of Technical Co-operation,
1964; Hejfec, 1965; Khasanov et al., 1962; Polish
Typhoid Committee, 1965).

Serological tests in man. Not all the results of the
serological tests performed with these other types
of vaccine have yet been made available. However,
the results of serological tests carried out with the
vaccines used in the first trial in Yugoslavia have
been published (Edsall et al., 1959; Standfast, 1960a,
1960b). These again show that H agglutinins are the
most reliable indicator of the effectiveness of typhoid
vaccines. 0 antibodies have also in some instances,
but not always, pointed in the right direction.
The opsonocytophagic test seems to be of no

use.

Animal potency tests. The same applies to the
vaccines now under discussion (with the exception
of the alcoholized type of vaccine) as to vaccines K
and L dealt with above (see page 30). Alcoholized
vaccine tends to give better results in animal po-
tency tests than in the field in man.

TABLE 5
EFFECTIVENESS OF PARATYPHOID VACCINES IN CONTROLLED FIELD TRIALS IN THE USSR

Cmosition Number
o caes

Effectiveness
Country year, and f persons Vaccine groups (and number ofuNumbeof fcss of vaccinesa

duration oi observation 0 th persons
(and reference) in te field of vaccine doses) immunized Para- I Para-

trial typhoid Typhoid typhoid Typhoid

USSR, 1960, 6 months School- Chemical vaccine:
(Heifec, 1965) children typhoid + paratyphoid B (2) 22 344 4 12 0% 69%

Chemical vaccine:
typhoid + paratyphoid B (1) 22 269 2 9 0% 77%

Alcohol vaccine:
typhoid + paratyphoid B (1) 22 451 4 24 0% 38%

Control: tetanus toxoid 22 304 1 38

USSR, 196243, School- Heat-phenol vaccine:
18 months children typhoid + paratyphoid B (2) 45 213 15 8 25% 86%
(Helfec, to be and young
published) adults Control: tetanus toxoid 44 876 20 56

a Effectiveness = 100 (b - a); where a = the Incidence rate in the immunized group, and b = the incidence rate in the control
b

group.
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PARATYPHOID A AND B VACCINES

There is very little information available from
the controlled field trials about the effectiveness of
paratyphoid A and B antigens. The controlled field
studies of typhoid vaccines made in Yugoslavia
(Yugoslav Typhoid Commission, 1962; 1964) and
the USSR (Hejfec, 1965) have indicated that
typhoid vaccines do not protect against paratyphoid
fevers.
The results of two properly controlled field trials

in the USSR are presented in Table 5. The " chemical
vaccine " mentioned in that table contained 0.16 mg
of typhoid antigen in 1 ml and 0.12 mg of para-
typhoid B antigen in 1 ml. From these two trials,
which more or less reflect the results of some un-

controlled observations, it may be concluded that
paratyphoid B antigen is of little, if any, effectiveness,
at least so far as the preparations used in the trials
are concerned.
For paratyphoid A antigen, there is no reliable

information since no controlled field trial has ever
been carried out with this antigen.
Laboratory studies of paratyphoid vaccines have

been very limited and their significance is doubtful.
In view of the fact that paratyphoid fevers are less

severe than typhoid, are often rather mild, and are
rare in some areas, it does not seem advisable to
add to tyhpoid antigen, which is potent and effective,
an antigen of doubtful effectiveness that adds to the
reaction in the vaccinated person but does not neces-
sarily add to the protection against enteric fevers.

R]OSUMm

Depuis 10 ans, l'Organisation mondiale de la Sant6 a
accord6 son appui aux enquetes men6es dans diff6rents
pays pour eprouver suir le terrain l'efficacite des vaccins
antityphoidiques. Le premier de ces essais control6s eut
lieu en Yougoslavie en 1954. Dans le meme temps,
l'OMS patronnait, a l'echelon international, un pro-
gramme de recherches effectuees en collaboration
par plusieurs laboratoires pour definir une 6preuve
d'evaluation biologique de l'activite des diverses prepa-
rations. Le present travail resume les resultats de
ces 6tudes dont la plupart ont fait l'objet d'articles
publies dans le Bulletin de l'Organisation mondiale de
la Sante.

Les deux vaccins de iference, l'un inactive a l'acetone
(K), l'autre inactive par la chaleur et conserve dans le
phenol (L) se sont r6v6les efficaces, meme a dose unique,
le premier temoignant cependant d'une l6g6re supriorit
sur le second. La protection qu'ils conferent semble de
longue duree et permet d'espacer les injections de rappel
de 3 a 5 ans. Chez l'homme, la teneur du serum en
agglutinines H est le seul crit&re valable de lefficacit6

d'un vaccin. Chez l'animal, les tests de protection active
chez la souris par immunisation unique semblent donner
les meilleurs resultats. Ils n'offrent cependant pas une
garantie complete et il est indispensable de poursuivre les
recherches de laboratoire pour d6couvrir une epreuve
qui permette d'evaluer et de pr6voir les resultats des
essais sur le terrain.
Parmi les autres vaccins etudi6s, le vaccin a l'alcool

confere une protection l6gerement moindre que les vaccins
de r6f6rence, tandis que certains polyvaccins et vaccins
* chimiques * (extraits d'antigenes typholdiques complets),
assurent, A dose 6levee et parfois unique, une protection
satisfaisante. Pour ces vaccins egalement, la teneur du
serum en anticorps H est le meilleur critere d'efficacit6.
On ne possede que peu de donnees sur les vaccins

antiparatypholdiques. Certains essais permettent de
conclure A l'absence d'une immunit6 crois6e typhoide-
paratypholde. Par ailleurs, le faible pouvoir antig6nique
des vaccins antiparatypholdiques rend peu souhaitable
leur association aux vaccins antitypholdiques lors des
vaccinations.
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