
Bull. Org. mond. Sante' 1964, 30, 653-662
Bull. Wld Hith Org.

Serological Responses of Man to Typhoid Vaccines
A. S. BENENSON'

Study of the serological responses in man to typhoid vaccines tested in several WHO-
sponsored controlled field trials in British Guiana, Poland and Yugoslavia has not indicated
any correlation between the level of Vi and 0 antibodies elicited and the effectiveness of
the vaccines. Instead, the more effective vaccines have elicited significantly greater H-anti-
body responses; but a variety offactors suggests that it may in fact not be the antibody that
confers immunity to the disease. The phagocytic test does not appear promising as a
technique for determining the effectiveness of a typhoid vaccine, but passive protection of
the chick-embryo may warrant further investigation.

Since immunization against typhoid fever with
killed organisms was first introduced in 1896, the
appearance and amount of agglutinating or other
antibodies have been taken as a measure of the
efficacy of the vaccine. However, Wright himself
(quoted by Spaun, 1957) recognized that agglutina-
tion might not represent the protective reaction and
moved towards the phagocytosis-promoting effects
of serum. Finally, with Leishman, he tested the
efficacy of the vaccine in actually protecting man
against disease in field trials. Pfeiffer & Kol'e (quoted
by Spaun, 1957), who almost simultaneously with
Wright gave killed typhoid vaccine to man, showed
that this killed vaccine elicited in goats or man serum
antibodies which protected guinea-pigs from typhoid
peritonitis; similar antibodies were found in the
convalescent human patient. These researchers also
recognized that despite this antibody response, the
vaccine might not give the same protection as infec-
tion with human disease.

Nevertheless, for convenience vaccines have largely
been evaluated by their efficacy in evoking demon-
strable antibodies in man or experimental animals.
On the basis of this criterion, the methods of produc-
ing vaccines have been modified, the bacterial strains
changed, and the very nature of the antigenic prepa-
ration revised. The entire justification for the addi-
tion of the paratyphoid A and B components to
typhoid vaccine was the observation that inclusion

1 Medical Corps, US Army. Formerly, Director, Division
of Communicable Disease and Immunology, Walter Reed
Army Institute of Research, Washington, D.C., USA. Present
address: Director, Pakistan-SEATO Cholera Research
Laboratory, Dacca, East Pakistan.

of these components resulted in the appearance of
specific antibodies (Davison, 1918).
The validity of using the level or even the presence

of individual antibodies as a measure of immunity
has been questioned repeatedly. Field studies on
typhoid vaccines sponsored by the World Health
Organization have provided a unique opportunity to
correlate the antigenicity of the vaccines, as measured
by demonstrable antibodies elicited in man, with
their effectiveness in protecting man against infection
in nature. The object of this report is to summarize
the information from the several groups participat-
ing in these field trials.

FIELD TRIALS IN YUGOSLAVIA, 1954 AND 1956

In field studies carried out in Osijek, Yugoslavia,
in 1954, half of a single large pool of bacterial harvest
of Salmonella typhosa strain Ty 2 was processed by
the alcohol method of Felix (1941), and the other
half was inactivated by heating at 56°C for one hour
and preserved with 0.50% phenol. These vaccines
were administered, together ith control vaccine
made with Shigella flexneri, on a double-blind,
strictly randomized basis. The three groups, each
consisting of approximately 12 000 persons, were
given two doses of vaccine at a three-week interval.
The first dose was equivalent in the male adult to
750 million and the second to 1500 million organisms.
A booster dose equal to the first dose was given after
one year to 75 % of the volunteers. During the first
two years of the follow-up period, 31 proven cases
of typhoid occurred in the control group, 23 in the
group given alcoholized vaccine, and only 9 in the
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phenolized vaccine group. The latter preparation
afforded significant protection (about 70 °/); this
protection was particularly marked in children 5-14
years old. Furthermore, no better protection was
manifest in those who received the booster dose one
year later, and comparable protection was still af-
forded in 1958, four years later.

Preliminary published serological results (Yugo-
slav Typhoid Commission, 1957, 1962) indicated a
significantly higher titre of Vi antibodies in those
who had received the alcoholized vaccine. The
details of the serological studies were presented by
P. Tomasic (1957) in the report of the Yugoslav
Typhoid Commission written in Croatian.'
Tomasic studied the antigenicity of the vaccines in

two groups of subjects. 192 individuals in the study
group in 1954-55 were bled before vaccination with
the first dose of 750 million organisms, three weeks
later before the second dose of 1500 million organisms
was administered, three weeks after the second dose
of vaccine, and again five months later. 222 other
individuals were bled before and three weeks after
the booster dose (equivalent to 750 million organ-
isms) given 12 months after primary vaccination.

In 1956, an additional study, using another lot of
these vaccines, was carried out among military re-
cruits in Zagreb where typhoid fever was not active.
The immunization schedule consisted of three doses
of 750 million, 1500 million, and 750 million organ-
isms each at three-week intervals. Serial bleedings
were obtained from 377 men representing the three
vaccine groups; bloods were obtained before vac-
cination, three weeks after the first dose of vaccine,
three weeks after the second dose, immediately be-
fore revaccination (which was done three months
after completion of initial immunization), and three
weeks after the revaccination.

Fig. 1 presents the results of these studies in terms
of geometric mean titres and their 95% confidence
limits. It is evident that the H-agglutinin titres were
consistently and significantly higher in the group
given the phenolized vaccine. The 0-agglutinin level
was higher soon after phenolized vaccine was given;
however, after five months the difference in 0 anti-
bodies was not significant in the Osijek group. In
both the Osijek and the Zagreb studies, the mean
Vi-antibody level was slightly higher after primary
immunization with phenolized vaccine, but after
several months the Vi levels were higher in those

1,To assist in broader dissemination of this important
work, an English translation has kindly been provided for
the present author by Dr Z. Ben6id.

vaccinated with the alcoholized vaccine; the dif-
ference is significant only after the booster dose in
the Osijek group. Table 1 represents the results in
terms of the percentage with demonstrable antibody
levels at each bleeding. Again, the H and 0 ag-
glutinin responses stand out after the phenolized
vaccine. The Vi response in the Osijek group is more
often present in those receiving the phenolized vac-
cine, but after the booster dose a significantly greater
number of individuals experienced a Vi response to
the alcoholized vaccine.

FIELD TRIALS IN BRITISH GUIANA
AND YUGOSLAVIA, 1960

In British Guiana, a total of over 70 000 school-
children 5-14 years of age were immunized on a
random basis with two doses, given three to five
weeks apart. Each dose consisted of 0.5 ml (500 mil-
lion organisms) of either an acetone-inactivated and
dried typhoid vaccine (Vaccine K), a heat-phenol-
inactivated and dried vaccine (Vaccine L), or tetanus
toxoid control.2 The effectiveness of these prepara-
tions in protecting against clinical disease has been
presented in a report by the Typhoid Panel of the
UK Department of Technical Co-operation." Five
cases of typhoid fever occurred over the next three
years in the acetone-inactivated vaccine group, and
23 in the heat-phenol-inactivated vaccine group, as
compared with 83 in the control group, indicating an
effectiveness of 94% and 71 %, respectively. In
groups of over 3300 each, who had received a single
dose only, the disease incidence was 0, 3, and 14
cases, respectively.
The field study in Yugoslavia 4 was carried out

concurrently with the study in British Guiana and
tested the same vaccines. Two doses of vaccine were
given four weeks apart. Groups of approximately
6500 children each, aged 2-14, received 0.5-ml doses
of vaccines K or L or a tetanus toxoid control.
Groups of approximately 8700 each within the age
range 15-60 years were given two 1-ml doses (total-
ling 2000 million organisms). During the ensuing
21/2 years, an outbreak of typhoid fever occurred in
one city (Pristina). This outbreak developed two
years after vaccination and was the consequence of
a three-week contamination of the city water supply.

' These vaccines are described in detail in the paper by
the Walter Reed Army Institute of Research & International
Laboratory for Biological Standards, Statens Seruminstitut,
on page 647 of this issue.

'See page 631 of this issue.
4See the paper by the Yugoslav Typhoid Commission

on page 623 of this issue.
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Among the 5000 volunteers in each group in this
community, 16 cases of blood-culture-positive ty-
phoid fever occurred in the acetone group, 37 in the
heat-phenol vaccine group, and 75 in the control
group, indicating 79% and 51 % effectiveness.
The relative antigenic potency of these prepara-

tions, as estimated by the usual serological tests, was
assessed in British Guiana. Approximately 100
children were bled in each of 13 schools two or more
weeks before inoculation and again two weeks after

the second dose of vaccine had been given. The
typhoid vaccines had been administered at a normal
dose level of 0.5 ml followed by a second dose three
weeks later; each dose was equivalent to 500 million
typhoid bacilli.

Paired sera were sent to the United States of
America for examination by the group under
Dr S. B. Formal at the Walter Reed Army Institute
of Research, Washington, D.C., and by the late
Dr Charles A. Stuart at Brown University, Provi-

FIG. I
ANTIBODY RESPONSESa TO PHENOLIZED AND ALCOHOLIZED TYPHOID VACCINES

PREPARED FROM ALIQUOTS OF THE SAME HARVEST OF S. TYPHOSA Ty 2, YUGOSLAVIA, 1954-55 and 1956

OSIJEK, 1954-55 ZAGREB, 1956

Before 3 weeks 3 weeks 5 months 1 year
immunization later later later later
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_-- Alcoholized vaccine. Phenolized vaccine.
a Expressed as mean geometric titres, with 95 % confidence limits shown. The asterisk (*) denotes significant difference.
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TABLE 1

TYPHOID ANTIBODY RESPONSE IN YUGOSLAV FIELD TRIALS, 1954 AND 1956, EXPRESSED AS PERCENTAGE
OF SUBJECTS WITH DEMONSTRABLE ANTIBODY a

Before 3 weeks after 3 weeks after 3 months after 5 months after 1 year after 3 weeks after
Vaccine immunization 1 st dose 2nd dose 3rd dose 2nd dose 2nd dose booster b

H antibody: Osijek

Phenol 45 100 98 95 83 98

Alcohol 47 70 71 67 50 97

Control 35 43 55 42 44 60

H antibody: Zagreb

Phenol 13 88 100 100 100

Alcohol 11 64 91 77 94

Control 13 22 25 30 39

O antibody: Osijek

Phenol 27 94 98 80 88 97

Alcohol 30 84 92 81 81 97

Control 22 36 47 62 69 66

O antibody: Zagreb

Phenol I 18 72 87 76 83

Alcohol 13 49 81 58 62

Control 13 20 21 30 19

Vi antibody: Osijek

Phenol 18 36 36 27 12 51

Alcohol 13 26 23 21 13 69

Control 5 5 6 7 13 12

Vi antibody: Zagreb

Phenol 20 56 74 76 81

Alcohol 18 59 72 81 88

Control 16 15 15 18 19

a H and 0 agglutinin titres 1 25 or greater; Vi haemagglutin titres 1 : 2 or greater.
b Booster dose after 1 year in Osijek; after 3 months in Zagreb.

dence, R.I. Unpaired sera were examined in British
Guiana by Dr Ellen D. Ritchie. Except for some
preliminary studies using antigens from the Walter
Reed Army Institute of Research, the antigens and
techniques were the same as those used in the inter-
national collaborative assays of the International
Reference Preparations of Typhoid Vaccine.' The
results in all three laboratories on the convalescent
sera were in excellent accord. The results presented
in Fig. 2 and Table 2 were obtained by Dr Stuart.

These are described in a paper (to be published) by
J. Spaun & K. Uemura.

Vaccine K elicited a significantly greater anti-H
response, while the anti-O response was better after
immunization with vaccine L. No difference was
found in Vi response whether measured by direct
bacterial agglutination or by haemagglutination of
red blood cells sensitized with the Vi antigen.

FIELD TRIALS IN POLAND, 1961

In the field studies in Poland, over 800 000 sub-
jects were vaccinated with several different prepara-
tions. Vaccine K, prepared at the Walter Reed Army
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FIG. 2
ANTIBODY LEVELSa BEFORE AND TWO WEEKS AFTER ADMINISTRATION OF HEAT-PHENOL-INACTIVATED
AND ACETONE-INACTIVATED TYPHOID VACCINES PREPARED FROM ALIQUOTS OF THE SAME HARVEST

OF S. TYPHOSA Ty 2, BRITISH GUIANA, 1960
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Pre-immunization level. Post-Immunization level.
a Expressed as geometric mean titres, with 95 % confidence limits shown. The asterisk (*) denotes significant difference.

TABLE 2
TYPHOID ANTIBODIES TWO WEEKS AFTER SECOND DOSE OF STUDY VACCINES,a

BRITISH GUIANA, 1960

Geometric mean titres Percentage with antibody
A gglutinin Titre at

Acetone Heat-phenol Control or over Acetone Heat-phenol Control
vaccine vaccine vacciine vaccine vaccine vaccine

H agglutinin 1 008 720 16 1 :80 99 96 13
0 agglutinin 13 17 2 1:20 47 56 9
Vi haemagglutinin 21 20 4 1: 30 50 48 12
Vi agglutinin 5 4 2 1 :20 23 20 12

a Two doses of 500 million organisms at 3 weeks' interval.
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Institute of Research and previously used in British
Guiana and Yugoslavia, was included to relate these
studies to the otherWHO studies; tetanus toxoid was
again used as the control preparation. Other typhoid
vaccines were prepared locally from aliquots of the
same bacterial harvests by the following techniques:
acetone-inactivation and drying (vaccine P), formol-
phenol (vaccine N), Westphal (vaccine S), and
Grasset-Slopek (vaccine T) (Kruczalowa & Schille-
rowa, 1963).

Kopacka & Slubicka (1963) reported the sero-
logical responses of 301 individuals to whom the
four local preparations had been administered in
two 0.5-ml doses with a 28-day interval. Each dose
of vaccines N, S, and T was equivalent to 500 mil-
lion organisms; each dose of vaccine P was equi-
valent to 250 million organisms. Sera were obtained
immediately before the first dose and two weeks after
the second dose. The titration results, using local
diagnostic reagents, were recalculated into geometric

FIG. 3
ANTIBODY LEVELS a BEFORE AND TWO WEEKS AFTER ADMINISTRATION OF TYPHOID VACCINES

PREPARED FROM ALIQUOTS OF THE SAME HARVEST OF S. TYPHOSA Ty 2, POLAND, 1961
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mean titres with 95% confidence limits (Fig. 3 and
Table 3). Again, the portion processed by the ace-

tone-inactivation technique elicited the highest H-
agglutinin response, -despite the fact that this re-

presented only half as many bacteria as the other
preparations. The 0-agglutinin response to the
formol-phenol preparation was significantly higher,
while the Vi-antibody responses were not significantly
different.
The antibody responses to the other two fractions

are very interesting. The alum-absorbed extract pre-
pared by the Grasset-Slopek technique did not differ
from the acetone-inactivated vaccine in Vi and 0

responses, but the H antigenicity was clearly im-
paired. In contrast, the fraction processed by the
Westphal technique, which should have yielded
essentially pure somatic substance, elicited an in-
significant rise in 0 antibodies and no change in
H- and Vi-antibody levels.

Preliminary results of the Polish trials suggest that
the acetone-inactivated and formol-phenol vaccines
are both highly effective in protecting against infec-
tion, and that the Grasset-Slopek vaccine may pos-

sibly afford some protection among those under 15
years of age. Among adults, the early results are

inadequate for interpretation.

DISCUSSION

In the 1954 field trials in Yugoslavia, an alco-
holized vaccine was used to test the hypothesis that
antibodies against the Vi antigen were the protective
substance for man. The alcohol method had been

developed because it stabilized Vi antigen and was

superior to other vaccines in protecting mice against
an intraperitoneal challenge with S. typhosa. Animal
studies (Edsall et al., 1959) confirmed the superiority
of the vaccine used over the phenol-preserved aliquot
of the same harvest in the usual mouse potency tests
and in the production of Vi haemagglutinins in rab-
bits. In man, however, the protection afforded by
the alcoholized vaccine was inferior to that conferred
by the phenol vaccine. In the 1960 trials in Yugo-
slavia, no difference was apparent between the two
vaccines in the Vi-antibody levels, but the difference in
the effectiveness of the two preparations in protecting
man was clear-cut. These results argue strongly against
the concept that the level of Vi antibodies measures

the immunity ofman against infection with S. typhosa.
The level of 0-agglutinins can be discarded as the

measure of protection. In the 1954 Yugoslav studies,
the 0-agglutinin response in man was clearly better
in those receiving the more effective immunizing
agent; but in 1960, the 0-agglutinin response was

significantly better in those who had received the less
protective vaccine. The relatively low titres of 0-
agglutinating antibody observed in the British
Guiana sera are a reflection of the diagnostic antigen
used rather than an indication of deficiency in 0
antigenicity. When the standard Widal antigens
prepared at the Walter Reed Army Institute of
Research were used, the mean post-immunization
titres obtained on the sera from one British Guiana
school were comparable with those earlier reported
by Landy et al. (1954), who used the same diagnostic
antigens and methods (Table 4).

TABLE 3
TYPHOID ANTIBODIES TWO WEEKS AFTER SECOND DOSE OF STUDY VACCINES,a

POLAND, 1961

Geometric mean titres Percentage with antibody

Agglutinin Vaccine b Titre at or over Vaccine b

P N| T SS P N T S

H agglutinin 578 336 11 2 1:80 98 99 6 0

O agglutinin 29 43 29 11 1 :20 83 96 87 34

O haemagglutinin 174 222 126 51 1: 40 95 100 97 45

Vi haemagglutinin 14 14 15 0.5 1:20 13 20 15 0

Vi agglutinin 5 6 | 6 | 1 | 1:20 50 - 43 557 f 1

a Each dose of vaccine P contained 250 million organisms; vaccines N, T and S contained 500 million organisms per dose;
two doses were given at 28 days' interval.

b Vaccine P: acetone-inactivated and dried; Vaccine N: formol-phenol; Vaccine T: Grasset-Slopek; Vaccine S: Westphal.
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TABLE 4

POST-IMMUNIZATION ANTIBODY LEVELS USING WHO OR STANDARD WRAIR a

DIAGNOSTIC ANTIGENS

Geometric mean titres

Study Type of vaccine Diagnostic - ( Viantigen H 0 (haemagglu-
tinin)

British Acetone-inactivated (vaccine K) WHO 1 008 13 21
Guiana
1960 b Heat-phenol (vaccine L) 720 17 20

British Acetone-inactivated (vaccine K) 900 145 9
Guiana WRAIR
1960 c Heat-phenol (vaccine L) 400 150 14

Landy et al. Acetone-inactivated 78 2
(1954) WRAIR

Heat-phenol 164 10

a Walter Reed Army Institute of Research.
b All paired sera.
c Paired sera from one school.

Buonomini et al. (1960) believed that " only the
simultaneous synergic presence of the 0 and Vi
antigens is capable of inducing a clear protective
immunity ". This concept is not logical when the more
effective vaccine evokes lower titres of each antibody.

In the 1954 Yugoslav trials, the phenolized vac-

cine stood out over the alcoholized product only in
its ability to evoke in man and rabbits a higher H-
agglutinin level. In the 1960 trials in British Guiana,
the acetone and the heat-phenol preparations were

both effective, even at a single-dose level, but the
acetone-inactivated and dried product was clearly
more so. In the 1960 Yugoslav studies, the heat-
phenol vaccine was effective in children, but only the

acetone-inactivated vaccine was equally protective to
persons of all ages (Table 5). Again, the H anti-
genicity is the outstanding characteristic of the ace-

tone-inactivated vaccine. Thus, in two conclusive
studies, the H antigenicity would appear to be the
attribute of the vaccine which correlates best with
protection of man against natural infection with
S. typhosa. In the Polish studies, the acetone-
inactivated preparation was again clearly outstand-
ing in H antigenicity, and preliminary data indicate
that this and the formol-phenol fractions are the
more protective.
To credit the H antibody with the resistance to

infection by S. typhosa is still difficult. Tully &

TABLE 5
RELATION OF NUMBER OF DOSES AND AGE WITH PROTECTION AFFORDED

BY TYPHOID VACCINES

British Guiana (1960) Yugoslavia (1960)

Vaccine
2 doses of vaccine I dose of vaccine Under 15 years 15 years or over

No.Case Effec- Case Eflec- Case Effec- N Case Effec-
observed rate per tiveness No rate per tiees N. per tiveness o rate per tivenessobe~d 1000 -(%)a obev(10(%aobsere 1000 (%)a Iobserve ____ (%)

K 24 046 0.2 94 3 319 0.0 100 2 423 4.5 77 2 605 1.9 82

L 23 431 1.1 73 3 371 0.9 78 2 467 6.9 64 2 601 7.7 29

Control 24 241 4.1 - 3 515 4.0 - 2 446 19.2 - 2 593 10.8 -

Effectiveness = 1 -Rate with test vaccine x 100%
Rate in control group
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Gaines (1961) confirmed the work of many others
who were unable to implicate H antigen or antibody
in typhoid infection of the mouse. Tully, Gaines &
Tigertt (1963) failed to protect chimpanzees against
a typhoid challenge by exposure to either living
Mrs S. Rough organisms (a typhoid strain containing
H but no Vi or 0 antigen) or an acetone-inactivated
and dried Mrs S. Rough vaccine, despite high anti-H
titres. Finally, the frequency of human relapses in
the presence of high H-agglutinin titres makes a close
relation between immunity and H-antibody levels
highly unlikely.

In a preliminary report, Ladosz (1963) states that
human sera after the acetone-inactivated vaccine (P)
were most effective in the phagocytic test and that
sera after the formol-phenol (N) and Grasset-
Slopek (T) vaccines were similar to each other and
better than those following the Westphal vaccine (S).
This may be a suggestive ranking, but in the earlier
study in Yugoslavia (Yugoslav Typhoid Commission,
1957, 1962), the relation between efficacy and
opsonophagocytic index was reversed.

It must be assumed that other poorly understood
factors are involved. In the preparation of acetone-
inactivated vaccine, approximately 30% of the nitro-

genous material is discarded; yet the effectiveness of
the product increases significantly. The reaction
might be the obverse of that reported by Bernard et
al. (1962), who noted that a mixed vaccine contain-
ing diphtheria, tetanus and TAB effectively elicited
typhoid agglutinins and antibodies passively protect-
ing the chick-embryo in the procedure of Grabar &
Le Minor (1951); however, when poliomyelitis anti-
gens were added to this mixture, the agglutinins were
not affected, but the serum protection of the chick-
embryo was definitely depressed. In the Polish stu-
dies (Plachcinska, 1963), 50% of the sera of a rela-
tively small number who were vaccinated with the
acetone-dried preparation and 44% of sera of those
given the formol-phenol fraction contained anti-
bodies protective to the embryonated egg, while only
14% and 120% of the sera tested after the Westphal
and Grasset-Slopek fractions respectively were pro-
tective. This technique warrants further investiga-
tion if the final field study results show the same
order of effectiveness of the vaccines.

Finally, the possibility that protection may
depend on an undetected antibody directed against
a heat-labile fraction cannot be excluded (Jenkins &
Rowley, 1963).

RESUME

Depuis 1954 plusieurs essais contr6les, sur le terrain,
de vaccins antitypholdiques ont et organises en Guyane
britannique, en Pologne et en Yougoslavie. Ces essais
ont offert une occasion unique de comparer I'antigenicite
des vaccins, telle qu'elle est d6montree par la production
d'anticorps chez l'homme, avec leur efficacite dans la
protection de l'homme contre les maladies naturelles.
L'objet du present article est precisement une confron-
tation des observations ainsi recueillies.
Au cours des essais de 1954 en Yougoslavie on a

constate que le vaccin tue par la chaleur et conserve dans
le phenol prot6geait mieux l'homme et contenait plus
d'antigenes H et 0 que le vaccin tue par l'alcool et
conserve dans l'alcool. Au cours des etudes effectu6es
en 1960 I'on a compare un vaccin tue par l'acetone et un
vaccin tue par la chaleur et conserve dans le phenol;

le vaccin tue par I'acetone, plus efficace, contenait
davantage d'antigene H tandis que le vaccin tu6 par la
chaleur et conserve dans le phenol contenait plus d'anti-
gene 0. De mame, au cours des etudes effectuees en 1961
en Pologne, le vaccin tue par le formol et conserve dans
le ph6nol entrainait une elevation des anticorps 0. Les
reponses 0 et Vi apres vaccination par le vaccin tue par
l'acetone etaient identiques a celles obtenues apres
administration de vaccin Grasset-Slopek qui semble
posseder un pouvoir protecteur inferieur aux deux
autres. L'epreuve des opsonines ne semble pas tres
prometteuse en tant que methode d'evaluation de
l'efficacite des vaccins antityphoidiques. I1 est possible
que la protection passive de 1'embryon de poulets soit
assez interessante pour poursuivre les recherches 'a
son sujet.
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