
Bull. Org. mond. Sante) 1959, 20, 1017-1032Bull. Wid Hlthi Org.J

LABORATORY TESTS OF TYPHOID VACCINES
USED IN A CONTROLLED FIELD STUDY

GEOFFREY EDSALL, M.D.,' MARGARET C. CARLSON 2
S. B. FORMAL, Ph.D.,3 Lieut.-Col. A. S. BENENSON, USA 4

Walter Reed Army Institute of Research,
Washington, D.C., USA

SYNOPSIS

In 1954-55, a controlled field trial of two types of typhoid vaccine
-alcoholized (" vaccine A ") and phenolized (" vaccine F ")-
prepared in Yugoslavia was carried out in the town and district of
Osijek. In an attempt to correlate the protection conferred on man
by these vaccines with their potency in laboratory animals, arrange-
ments were made for laboratory tests to be performed jointly by the
Central Institute of Hygiene, Zagreb, Yugoslavia; the Lister Institute
of Preventive Medicine, Elstree, Herts, England; and the Walter
Reed Army Institute of Research (WRAIR), Washington, D.C.,
USA. In this paper, the results of the WRAIR tests are presented.

The potency relationship between vaccine A and vaccine F was
found to vary with the type of test performed. According to active-
immunization tests in mice, using either mucin or saline challenge,
vaccine A was more potent than vaccine F, as it proved also in the
passive immunization of mice with saline challenge and in Vi-
antibody production in rabbits. As judged by the results of the
passive immunization of mice with mucin challenge and of 0-anti-
body production in rabbits, there was, however, no clear-cut difference
in potency between the two vaccines. And, as indicated by H-anti-
body production in rabbits, vaccine F was clearly superior to
vaccine A. Since vaccine F was also the more effective in man, the
last-mentioned findings are of considerable interest, suggesting that
the H antigen may be more, and the Vi antigen less, important in
protecting man against typhoid fever than is currently considered to
be the case.

In the fall of 1953, the Federal Health Secretariat of Yugoslavia and the
Ministry of Health of the People's Republic of Croatia undertook jointly
to carry out an adequately controlled field study on the efficacy of two
kinds of typhoid vaccine-an alcohol-killed and preserved vaccine and a
heat-killed, phenol-preserved vaccine. Such a study-the first of its kind
to be done-was carried out in the town and district of Osijek,Yugoslavia,

Director, Division of Communicable Disease
2 Formerly, Bacteriologist, Department of Applied Immunology, Division of Immunology
3 Chief, Department of Applied Immunology, Division of Immunology
' Medical Corps, United States Army; Director, Division of Immunology

787 -1017-



108 G. EDSALL AND OTHERS

from the spring of 1954 to the fall of 1955, with the assistance of the World
Health Organization and of the Research Grants Division of the United
States National Institutes of Health. The findings of this study have been
reported elsewhere (Cvetanovic, 1957; Yugoslav Typhoid Commission,
1957).

From the inception of the field study, it was recognized that it was
essential to carry out extensive laboratory potency tests of the vaccines used,
in several independent laboratories. Such a study was needed not only
to provide some kind of generally acceptable data on the potency of the
vaccines employed-as judged by laboratory tests-but indeed to furnish,
if possible, a basis whereby laboratory potency tests of typhoid vaccines
could be rationally correlated with protection obtained in man. The
necessity for asking this question had been pointed out many years ago by
Metchnikoff & Besredka (1911), who remarked (in the days when the
guinea-pig served the role since taken over by the Swiss white mouse):
"Entre la peritonite typhique du cobaye et la fievre typhoide de l'homme,
il n'y a de commun que le nom du microbe". The need for scepticism
regarding the adequacy of the conventional laboratory potency tests for
typhoid vaccine had been further emphasized by the numerous reports, i

the middle and late 1940's, of rather sharp outbreaks of typhoid fever
among troops vaccinated for the most part with preparations of maximal
mouse-protective potency. The most striking of these outbreaks have been
described by Marmion, Naylor & Stewart (1953).

It was therefore arranged that laboratory tests on the two types of
typhoid vaccine used in the Osijek field trial would be jointly carried out
in the Control Laboratories of the Central Institute of Hygiene, Zagreb,
Yugoslavia, under the direction of Dr Drago Ikic; in the Lister Institute of
Preventive Medicine, Elstree, Herts, England, under the direction of
Dr A. F. B. Standfast; and in the Walter Reed Army Institute of Research
(" WRAIR "-formerly the Army Medical Service Graduate School),
Washington, D.C., USA, under the direction of the senior author of this
report. Each laboratory would test the vaccine by as many methods as
were regarded as feasible and worth investigating; however, it was agreed
that several procedures (for example active immunization of mice challenged
with saline-suspended organisms) were of such general interest that they
would be tried in all three laboratories.

Subsequently, through its Serological Reference Centre at the Statens
Seruminstitut, Copenhagen, Denmark, WHO invited the three laboratories
originally concerned, along with six other laboratories,' to carry out one

1 The other participants in the laboratory investigation of typhoid vaccines were: Dr F. G. Morgan,
Director, Department of Health, Commonwealth Serum Laboratories, Parkville, Victoria, Australia; Dr A.
Bonnefoi, Chef du Service des Vaccins, Institut Pasteur, Paris, France; Dr R. Prigge, Director, Paul Ehrlich
Institute, Frankfurt-on-Main, Germany; Dr M. K. Ahuja, Director, Central Research Institute, Simla Hills,
Kasauli, India; Dr Ahmed Wahba, Serum and Vaccine Institute, Agouza Dokki, Cairo, Egypt; Dr Necmettin
Akyay, Chief, Bacterial Vaccine Production Division, Refik Saydam, Ankara, Turkey.
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particular test, specified and outlined by the WHO Centre, and based upon
the serological response in rabbits injected with the vaccines under study,
as well as any other test or tests considered worth performing by each
individual participating laboratory. In the interests of uniformity, each
participating laboratory was provided with a supply of the vaccine under
study, diluted (in Copenhagen) to a stated strength of 1 000 000 000
organisms per ml.

This paper is a combined report of the studies carried out at WRAIR
under the original tripartite agreement, and also under the WHO-sponsored
co-operative programme.

Materials and Methods

Vaccines under study

Four shipments of vaccine prepared in Zagreb were received during the
study. They are described in Table 1. Each shipment included equal
volumes of alcohol-killed, alcohol-preserved vaccine (designated " vaccine
A ") and heat-killed, phenol-preserved vaccine (designated " vaccine F ").
The methods employed in preparing these vaccines have already been
reported (Yugoslav Typhoid Commission, 1957). Although all shipments
were aliquots of the same bulk lots, and no evidence was obtained to
indicate that the shipments differed in potency, the details of their handling
are presented below as a matter of record.

Shipment 1 was pre-arranged for rapid handling, and was in transit
approximately 33 to 34 hours from Zagreb to Washington. It was refrigerated
from Zurich, through New York City, to the Washington National Airport
and promptly brought to WRAIR.

TABLE 1. SHIPMENTS OF YUGOSLAV VACCINES USED IN STUDY

Shipment Date received Number of bottles St(bactenria/ntrtion

1 19.6.54 3, vaccine A 3 x 109

3, vaccine F 3 x 109

2 19.11.54 3, vaccine A 3 x 10.
3, vaccine F 3 x 109

3 22.6.55 5, vaccine A (diluted) 100

5, vaccine F (diluted) 109

4 3.4.56 1, vaccine A 3 x 109

1, vaccine F 3 x 109
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Shipment 2 was sent by airmail from Zagreb and was about 3 days in
transit, without refrigeration.

Shipment 3 was diluted and rebottled in Copenhagen from material
originating in Zagreb, and was sent by ordinary airmail to Washington;
it was about 2 to 3 days in transit.

Shipment 4 was sent by air from Zagreb to Zurich, refrigerated for several
hours until picked up by courier and flown to Washington with the courier.
When received, the bottles of Vaccine F were found to be partly frozen,
presumably owing to over-refrigeration in the aircraft while in transit.
However, no evidence of reduction in mouse-protective potency could be
detected in this lot by the methods employed in this study.

The total nitrogen contents of vaccine A and vaccine F were 0.045 and
0.06 mg of N per ml, respectively. The sediment nitrogen content, 0.036-
0.038 mg per ml, was essentially the same in both vaccines.

Control vaccines

In a few early experiments, a fluid heat-killed, phenol-preserved mono-
valent typhoid vaccine, prepared in 1949 at WRAIR and used as a routine
reference standard, was employed as a control. Its total nitrogen content
was 0.03 mg per ml.

In all subsequent experiments an acetone-killed and dried typhoid-
paratyphoid vaccine (lot 2116-11) was used as a control. This vaccine
was prepared at WRAIR by Dr Maurice Landy, according to the method
described by him (Landy, 1953), and bottled by Lederle Laboratories
Division, American Cyanamid Company, by a dry-filling technique, deve-
loped by that firm, which provided replicate fillings with less than 10%
variation. Each bottle contained:

Salmonella typhosa (strain Ty2) .... . 12 mg
S. paratyphi (strain HA6) .... . . . . 3 mg
S. schottmuelleri (strain 41H6) .3 mg
Merthiolate ...... . . . . . . . . 5 mg
NaCI ...... . . . . . . . . . . 425 mg

On reconstitution to 50 ml with distilled water, each millilitre of resuspended
vaccine was estimated to contain 109 S. typhosa and 2.5 x 108 each S. para-
typhi and S. schottmuelleri. When so reconstituted, the total nitrogen
content was 0.05 mg per ml.

Methods of testing employed

(a) Active immunization of mice, mucin challenge
The method used was that prescribed by the United States Department

of Health, Education and Welfare, National Institutes of Health (1953)
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and used in these laboratories for the routine evaluation of commercially
prepared typhoid-paratyphoid vaccines intended for distribution to the
Armed Forces. In this method at least three groups of 15 to 20 white
Swiss mice, CFW strain, weighing 15-17 g each at the time of immunization,
receive single, graded intraperitoneal doses of the vaccines under test. Six
days after immunization each mouse receives an intraperitoneal challenge
of approximately 1000 LD50 of S. typhosa, strain V58, in 0.5 ml of sterile
5% hog gastric mucin. The animals are observed for 72 hours, and the
number of survivors per group recorded.

After June 1955, tests were generally run in duplicate, the mice being
challenged at both 6 and 14 days after injection of the specified dilution
of the vaccine under study.

(b) Active immunization of mice, saline challenge
The method employed was that described in detail by Landy (1953).

The challenge strain employed was the classical strain Ty2, either the WRAIR
substrain or a substrain furnished from Copenhagen being used. The
challenge dose was adjusted photometrically to an estimated strength of
108 organisms (approximately 20 to 30 LD50) in a total volume of 0.5
ml injected intraperitoneally into CFW strain mice. In actual practice,
however, the challenge dose (as determined by serial dilution plate counts)
ranged from 52 to 472 million viable organisms (see Table 3).
A few paired experiments were carried out, comparing protection at

6 and 14 days after vaccination.

(c) Passive immunization of mice, mucin challenge
Serial dilutions of pooled sera from rabbits immunized with vaccines

A and F were injected intraperitoneally, 0.5 ml per animal, into groups of
15 to 20 mice (CFW strain, 12-18 g) per dilution. Rabbits were immunized
according to either the WHO or the WRAIR schedule (see below). Mice
were challenged one hour after injection of serum by intraperitoneal
injection of approximately 1000 LD50 of mucin-suspended S. typhosa,
strain V58, as described above.

(d) Passive immunization of mice, saline challenge
Similar passive protection tests were carried out as in (c) above, except

that approximately 108 organisms of strain Ty2 suspended in saline were
used as the challenge.

(e) Agglutinin production
Groups of rabbits, usually chinchillas or New Zealand whites, weighing

1.5-3 kg were immunized and bled according to one of the following two
schedules:
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WRAIR schedule (3 rabbits per group):
Day 0: 0.5 ml of vaccine subcutaneously;
Day 4: 0.5 ml of vaccine intravenously;
Day 8: 1.0 ml of vaccine intravenously;
Day 14: Bleed, and pool sera.

Immune sera were prepared by this method once with shipment 1 and once with ship-
ment 4.

WHO schedule (S rabbits per group):
Day Group A Group B
0 500 000 organisms intravenously 50 million organisms intravenously
7
14 ,.
21
28
35 Bleed, and pool sera. Bleed, and pool sera.

This procedure has been described in detail by Spaun (1956). It was carried out once,
with shipment 3.

Challenge strains employed

Strain V58, used in all but one of the mucin-challenge experiments,
is the standard United States Army vaccine strain (Siler et al., 1941).
It has, in our hands, an LD60 in mucin of 1-2 organisms for mice of the
CFW strain; in saline, the LD50 is about 3.5 x 106 in a 6-hour culture and
90 x 106 in a 16-hour culture. It is agglutinated to a titre of 1280 in both our
standard Vi serum and our standard 0 serum.

Strain Ty2 (WRAIR), used in most of the saline-challenge tests, was
obtained from the late Dr A. Felix. It has all the classical features of this
strain (Felix & Pitt, 1951). The LD50 on intraperitoneal injection of a saline
suspension in CFW mice is 3.5 x 106 for a 6-hour culture and 6.3 x 106
for a 16-hour culture. In mucin, the average LD50 values are 3-4 and 10
organisms, in 6-hour and 16-hour cultures, respectively. The usual tube
agglutination titres in our standard Vi serum are 1280, and in our standard
O serum less than 80.

Strain Ty2 (Copenhagen) was furnished by Dr J. Spaun, in connexion
with the WHO-sponsored study. It differed from our Strain Ty2 in that it
was more readily agglutinated by 0 serum in a tube test.

Estimation and comparison of results of mouse-protection tests

In view of the obvious difficulties which frequently arise in performing
reproducible mouse-protection tests with interpretable results, it was felt
that elaborate methods of calculating ED50 values would be unwarranted.
Such values were therefore determined by interpolating the ED50 logarith-
mically from the nearest experimental values above and below 50% survival.
Where a mouse group showed exactly 50 % survival, the concentration of
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serum or vaccine injected into that group was regarded as the ED50. The
ED50 values of the vaccines under study have been compared as ratios, since
this tends to eliminate the distortion introduced (particularly in calculating
averages) by the fluctuations in the amount of the challenge dose.

It is recognized that all such values obtained as described above are
approximations; they have been rounded off to two places, but it is under-
stood that even this degree of precision is not actually warranted by the
nature of the data.

Agglutination titres
The antigens used to determine the H and 0 agglutination titres of

rabbit antisera were the standard Widal antigens prepared at WRAIR. The
H antigen was a formalin-killed broth culture of S. typhosa strain H901,
while the 0 antigen was an alcohol-killed, phenol-preserved suspension of
agar-grown S. typhosa strain 0901. The H-agglutination tests were read
after 2 hours' incubation at 52°C; the tests for 0 agglutination were read
after incubation for 18 hours at 52°C.

Since it had been observed that from time to time certain lots of H
antigen were agglutinated by 0 as well as by H antibodies, even when
incubated for only 2 hours at 52°C, the specificity of our results was tested
and confirmed by obtaining essentially identical H titres with the sera
before and after absorption with 0 antigen.

The Vi-agglutinin titres were determined by the haemagglutination
technique described by Landy & Lamb (1953).

Results

(a) Active immunization, mucin challenge
Parallel active-immunization tests of vaccines A and F, with a mucin

challenge administered six days after vaccination, were carried out success-
fully 11 times. In addition, a 14-day interval was simultaneously employed
in the last six of these tests. Four ofthe tests (JA 1, 4, 8 and 9) were performed
with vaccine furnished for the co-operative WHO study (shipment 3).
Tests E 38 and E 41, done only on vaccine A, showed that no significant
difference could be observed at that time between shipments 1 and 2. The
results of all tests are summarized in Table 2.
Two observations may be made regarding the content of this table.

First, the alcohol vaccine, as measured by the 6-day mucin challenge, is
invariably more potent than the phenol vaccine; the potency ratios of
vaccine A to vaccine F range as high as 42: 1 (test JA 1) but never fall
below 1.4: 1 (test JA 8), with a median of 7.5: 1.

Secondly, it appears likely, though has by no means been proved, that
extending the interval between vaccination and challenge results in a
reduction in the A/F potency ratio. Whereas this ratio in the 6-day tests
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for experiments JA 4 through JA 15 averaged 4.6: 1, for the parallel
experiments, JA 4B through JA 15B, it averaged 1.4: 1.

TABLE 2. ACTIVE IMMUNIZATION TESTS: MUCIN CHALLENGE

Challenge ED.0 values
Experi- Date of Vaccine dose * (number of typhoid bacilli x 10 ) Potency
ment vaccination shipment (number of ratio

no. no. organisms) control**I vaccine AIJvaccine F A: F

E 14 2.7.54

E 33 22.1.55

E 35 3.2.55

E 37 17.2.55

E 38 18.2.55

E 41 11.3.55

JA 1

JA 4

JA 8

JA 9

JA11

JA 12

JA 15

JA 4B

JA 8 B

JA 9B

JA11 B

JA 12 B:

JA 15 B

it

30.6.55

29.7.55

12.1 .56

10.2.56

20.4.56

25.5.56

24.8.56

it

29.7.55

12.1 .56

10.2.56

12.4.56

17.5.56

16.8.56

10

A.

1

2

3

3

3

3

4

4

2

4

B.

3

3

3

4

4

2

4

Challenge 6 days

1 510

1 650

2 100

1 400

1 600

1 600

1 600

1 670

1 470

990

1 600

1 400

1 315

1 560

1 500

Challenge 14

1 350

1 700

1 700

1 315

1 560

1 500

if

days

after immunization

150

50

3.3

3.6

4.6

6.0

3.6

1.7

3.3

after

17

5

35

15

< 5

9

2.1

13

11

10

4.5

10

7.8

6.9

2.2

3.0

20

6.0

39

<12

6.9

immunization

28

32

28

>60

100

105

* Strain V58 used for the challenge in all experiments except JA 4 and JA 4B in which the
Copenhagen substrain of strain Ty2 was employed.

** A heat-killed, phenol-preserved vaccine was used as a control vaccine in experiments E 14
and E 33; an acetone-killed and dried vaccine was used in all the other experiments.

(b) Active immunization, saline challenge

Parallel immunization tests of the two vaccines under study, employing
a saline challenge, were more difficult to carry out successfully than were

75

96

87

63

92

10

29

46

60

60

60

34

36

66

120

135

45

36

7.5

7.9

6.3

42

3.3

1.4

7.7

1.5

> 5.0

8.7

1.2

1.1

2.3

< 2.0

1.3

0.45
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the mucin-challenge tests, since the strength of the challenge dose was for
undetermined reasons much more difficult to reproduce. Thus several
such tests had to be discarded as uninterpretable. Eleven 6-day challenge
tests were regarded as giving useful information, and the results of these
are listed in Table 3. In 8 of the 11 tests, the alcohol vaccine appears to be
at least twice as potent as the phenol vaccine; the median A/F ratio on the
11 tests is 3.3: 1, with a range from 0.55: 1 (E 42) to 60: 1 (E 39). The
number of tests in which the challenge was administered 14 days after
inoculation is too small to establish a definite trend.

TABLE 3. ACTIVE IMMUNIZATION TESTS: SALINE CHALLENGE

* Strain Ty2 (Copenhagen) was used for the challenge in experiments JA 2 to JA 10 inclusive,
and JA 2 B and JA 10 B; strain Ty2 (WRAIR) was used in all the other experiments.

(c) Passive immunization, mucin challenge

Eleven calculable tests of this type were completed (see Table 4). No
consistent relationship was found. The A/F potency ratios ranged from
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TABLE 4. PASSIVE IMMUNIZATION: MUCIN CHALLENGE

Challenge Potency of rabbit serum **Experi- Date of Vaccine dose * Potency
ment injection shipment (number of control ratio
no. no. organisms) (acetone vaccine A vaccine F A : F

vaccine)

SP 7 26.1.55 1 1 600 _ 30 9.0 0.30

SP 8 24.2.55 1 1 600 - 12 4.0 0.33

SP 15 9.8.55 1 1 375 - 4.0 7.5 1.9

SP15-2***- 9.8.55 1 1 375 - 32 55 1.7

SP 16 16.8.55 1 1 600 - 75 50 0.67

SP 17 At 12.10.55 3 1 270 > 80 > 80 35 0.44

SP 17 B 3 1270 60 35 20 0.57

SP 19 At 26.10.55 3 1 180 120 25 100 4.0

SP 19 B 3 1 180 25 30 20 0.66

SP 21 31.5.56 4 1 560 3.0 14 6.0 0.43

SP 24 20.6.56 4 1 530 3.5 16 10 0.75

* With strain V58
* The potency of the rabbit serum Is expressed as the volume (x105) which protected 50%

of the mice against the stated challenge dose.
*** In this experiment the rabbits were bled 28 days after the last injection.
t Serum from rabbits that received 5 x 105 organisms per immunizing injection was used in

experiments SP 17A and SP 178, and from rabbits that received 5 x 107 organisms in experiments
SP 19A and SP 19B.

0.30: 1 to 4.0: 1, with a median of 0.67: 1. This challenge system was

the only one of the four employed in which the alcohol vaccine did not
exhibit significantly greater potency than the phenol vaccine.

TABLE 5. PASSIVE IMMUNIZATION: SALINE CHALLENGE

Challenge Potency of rabbit serum **
Experi- Date of Vaccine dose * _____ _____-Potency
ment Dation shipment (number of control ratio
no. ijection no. organisms (acetone vaccine A vaccine F A F

X 106) vaccine)

SP 9 25.2.55 1 103 - 4 000 8 000 2.0

SP 11 4.3.55 1 90 - 2000 7 000 3.5

SP 12 18.3.55 1 80 - 2200 10000 4.5

SP 13 25.3.55 1 60 - 5 000 9 000 1.8

SP22 7.6.56 4 80 <1000 2500 18000 7.0

* Strain Ty2 (Copenhagen) was used for the challenge in experiment SP 22; strain Ty2
(WRAIR) was used in all the other experiments.

** The potency of the rabbit serum is expressed as the volume (x 105) which protected 50 %
of the mice against the stated challenge dose.

All sera were prepared according to the WRAIR schedule.
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(d) Passive immunization, saline challenge
Five tests of this type were successfully completed (see Table 5). All

of them gave A/F potency ratios greater than 1; the range was 1.8 : 1 to
7.0 :1 and the median was 3.5 :1.

(e) Significance of challenge tests with control vaccine
The two early control-vaccine tests done with WRAIR heat-phenol

vaccine (see experiments E 14 and E 33, Table 2) merely indicate that this
vaccine and the similar vaccine made in Yugoslavia were of the same general
order of potency.

The tests with acetone-killed and dried vaccine give some indication of
the range of variability of the test system itself, since the dried acetone vac-
cine appeared to be relatively stable throughout the period of this study, as
was expected.' Considering the seven tests done with this vaccine with a
mucin challenge and a 6-day interval (JA 1 to JA 15 inclusive), as seen in
Table 2, the range of ED50 values is only four-fold. This is distinctly less
than that for the parallel tests with the alcohol or the phenol vaccine.

The ED50 values (expressed as numbers of typhoid bacilli) for the acetone
vaccine in the 6-day mucin tests averaged 370 000 as compared to those
for the alcohol vaccine which averaged 1 300 000. Thus the acetone vaccine
appears to be somewhat the more potent of the two by this method. In
the same group of tests the phenol vaccine showed an average ED50 of
5 100 000. This is considerably higher than either of the other two vaccines,
but the difference is not as great as previous studies (see, for example,
Landy (1953)) might have led one to expect.

The relative efficacy of the acetone vaccine apparently decreases when
the interval between vaccination and challenge is lengthened to 14 days-a
change also seen with the alcohol vaccine but not with the heat-phenol
vaccine.

On the other hand, the variation in ED50 values in the active-immuniza-
tion saline-challenge tests is of the order of 50- to 60-fold with each of the
three vaccines, thus reflecting the difficulties noted above in the performance
of this test. Nevertheless, the acetone vaccine appears to be the most
potent of the three, the average ED50's being: vaccine F, 77 000000;
vaccine A, 23 000 000 and acetone vaccine, 2 300 000 organisms.

The number of passive-protection tests carried out with acetone vaccine
was not sufficient to justify the drawing of comparisons or conclusions
from the data obtained.

(f) Agglutination titres
As indicated above, two procedures-one in current use at WRAIR,

the other adopted for the WHO co-operative study-were employed for

1 Four potency tests carried out on this vaccine between August 1957 and August 1958 gave ED,, values
of 0.7, 2, 2 and 0.13 x 106; thus there is no evidence of deterioration of this lot of vaccine since the performance
of the earliest tests reported in this study.



G. EDSALL AND OTHERS

the measurement of the agglutinin-producing capacity of vaccines A and F.
The WRAIR procedure was carried out on two occasions, once with ship-
ment 1 and once with shipment 4. The WHO procedure, performed with
shipment 3, involved a paired experiment, using 500 000 bacteria per injection
in one group of rabbits and 50 000 000 bacteria per injection in the other
group. Thus altogether four groups are available for comparison of the
agglutinin-producing capacities of vaccines A and F. An acetone-vaccine
control was run with all but the first group.

TABLE 6. AGGLUTINATION TITRES IN IMMUNIZED RABBITS

It is seen from Table 6 that, by either method of immunization, all
three vaccines induced more or less comparable 0 titres in rabbits. It is
possible, as others have noted (Landy et al., 1954), that the 0 antigenicity
of acetone vaccine is slightly weaker, but certainly one cannot clearly
deduce this from the results presented here; indeed, a study such as this,
in which 11 different antisera induced by three different vaccines given by
three different immunizing schedules yielded results differing at the most
only eight-fold in a test based on two-fold serial dilutions, can only be
interpreted as indicating that all three vaccines were indistinguishable as

far as 0 antigenicity is concerned.

Immunization group

stccineundy r WRAIR schedule WHO schedule

shipment 1 shipment 4 5 x 10' dose | 5 x 10' dose

0-agglutination titres

Vaccine F 5120 5120 2560 2560

Vaccine A 5120 10 240 2 560 2 560

Acetone vaccine
(control) - 10 240 1 280 2 560

H-agglutination titres

Vaccine F 640 2560 160 640

Vaccine A < 80 < 80 < 80 160

Acetone vaccine
(control) - 2 560 80 1280

Vi-agglutination titres

Vaccine F 40 < 10 < 10 20

Vaccine A 160 80 40 80

Acetone vaccine
(control) - 160 40 320
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The findings regarding H agglutinins are in striking contrast. Both phenol
and acetone vaccines exhibited good H antigenicity, but the serum induced
by alcohol vaccine appeared almost devoid of H antibodies.

The findings regarding Vi antigen were essentially as expected: the
alcohol vaccine was superior to the phenol vaccine, and the acetone vaccine
was possibly slightly superior to the alcohol preparation.

Discussion

The tests presented above fulfil the first of the objectives of the study
reported here in that they provide laboratory data on the relative potency
of the alcohol-killed, alcohol-preserved and heat-killed, phenol-preserved
vaccines used in the Osijek field trial. However, depending upon which
set of findings is selected, the data permit any one of three conclusions:

1. The active-immunization tests in mice, using either saline or mucin
challenges, and a 6-day interval between vaccination and challenge, clearly
indicate that the alcohol vaccine is the more potent. So do the passive-
protection tests with saline challenge, and the Vi-agglutinin titres obtained
in rabbits.

2. The passive-protection test with mucin challenge, and the O-agglu-
tinin titres in rabbits, indicate that there is no significant difference in potency
between the two vaccines. The active-immunization tests with mucin
challenge at 14 days are suggestive of the same conclusion.

3. The H-agglutinin titres induced in rabbits indicate that the phenol
vaccine is superior to the alcohol vaccine.

The significance of these conflicting findings remains to be determined.
Preliminary information on earlier tests done in London, Zagreb and
Washington (unpublished reports to WHO; Ikic, 1956a) disclosed a similar
variability in the findings obtained with different types of test. Moreover,
the results of comparable tests carried out at these laboratories were not
in agreement, except for the active-immunization mucin-challenge test,
the passive-immunization saline-challenge test, and the production of Vi
antibodies and H antibodies in rabbits. In the first three of these tests
the alcohol vaccine gave the highest values, whereas the H-antibody produc-
tion was best with the phenol preparation. This observation is of particular
interest in view of the findings, in the Osijek trial, that the phenol vaccine
gave definite protection against typhoid fever in man, whereas no such
evidence was found for the alcohol vaccine (Cvjetanovic, 1957; Yugoslav
Typhoid Commission, 1957). Thus the possibility is again raised (Edsall,
1956) that the H antigen may have been given insufficient attention as a
possible factor in protection against typhoid fever. Nevertheless, in view
of the findings, in our laboratories and elsewhere, that relapses may occur
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in patients with high agglutinin titres, we do not believe that immunity
to typhoid fever can be explained on the basis of H antibodies alone.

On the other hand, as regards Vi antigen, the consistent findings in
all three laboratory studies, as well as in the volunteers studied in the
Osijek field trial (Yugoslav Typhoid Commission, 1957), do not support
the belief that this antigen is of major importance in protection against
typhoid fever. It has been suggested that the failure to obtain superior
protection in the Osijek study with the alcohol vaccines was due to technical
difficulties in production-a constant problem anywhere in the case of
alcohol vaccine-which in turn led to a relatively low Vi-antigen content
in that vaccine. But this assumption is not supported by the finding, in
all three laboratories, that the Vi antigenicity of vaccine A was greater
than that of vaccine F. Hence, one must conclude that, in this study, the
vaccine which had the higher Vi-antigen content gave the poorer protection
against typhoid fever in man.

The more recent findings of Ikic (1956b, 1957) are difficult to relate to
a specific identifiable antigenic component. Using a 2-dose immunization
schedule and a saline challenge, he carried out two series of mouse-protec-
tion tests in which vaccine F showed, on the average, a higher degree of
protection than vaccine A (in the first series (1956), 49.5 % survivors as com-
pared with 39.6%; in the second series (1957), 42.3% as compared with
33.3 Y.). Thus the test employed by Ikic appears to give results parallel to
the findings in the field; further examination of this method, for repro-
ducibility, consistency, and specificity, would be of value.

The marked discrepancies found between the results of 6-day and 14-day
intervals from vaccination to challenge in the active-immunization tests are
of considerable interest, suggesting that some antigens might induce a
transient non-specific protective effect under the conditions of these experi-
ments. Such an effect, with a shorter duration, has been clearly demonstrated
by Landy & Pillemer (1956) with typhoid 0 antigen and various other
bacterial lipopolysaccharides, and is analogous to the earlier findings of
Rowley (1955) using a different but not unrelated system. Regardless of
the explanation which may be found for this phenomenon, it thus becomes
imperative, when performing protection tests of this general type, to
explore the possibility that the vaccination procedure may introduce
non-specific artefacts into the test.

It appears to us that by varying the experimental pattern one can derive
a mouse-protection test that will give whatever answer is anticipated.
Hence, it is our belief that there is no inherent virtue in any such test (except
for its usefulness as an identity test and to indicate the presence of some
kind of activity in the vaccine), unless it has been shown to be consistently
reproducible and has been adequately correlated with protection in man.
This has been very well done for pertussis vaccine (Great Britain, Medical
Research Council, 1951, 1956), and it is reasonable to assume that the
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same approach must be followed in order to achieve satisfactory evaluation
and control of typhoid vaccine. Thus it is hoped that the pioneer field
trials in Osijek will be but the first of a series of similar studies, correlating
the efficacy of typhoid vaccine in man with a battery of laboratory tests.
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R1ESUMIt

Pour la premiere fois dans le monde, un essai strictement contr6le de vaccination
contre la fievre typholde a ete entrepris en Yougoslavie, en 1954-55, avec l'aide de
l'OMS. Les resultats de cette 6tude, dejA publies (Bull. Org. mond. SantJ, 1957, 16, 897)
avaient montr6 la superiorite pratique du vaccin design6 plus loin comme vaccin F. Des
le d6but des operations, on s'est rendu compte de l'int6ret qu'il y aurait a disposer d'une
epreuve de laboratoire permettant d'evaluer F'activite des vaccins, et d'etablir une rela-
tion entre leur activite chez l'animal et chez l'homme. Une 6tude comparative a ete entre-
prise dans ce but, depuis lors, sous les auspices de l'OMS, dans des laboratoires de divers
pays, fondee sur la reponse s6rologique du lapin ayant requ les divers types de vaccins,
ainsi que sur les tests juges adequats par les divers laboratoires participant A cette 6tude.
Cet article rend compte des r6sultats obtenus au Walter Reed Army Institute of Research,
Washington, D.C.

I1 s'agissait de comparer le vaccin tue par l'alcool et conserv6 dans l'alcool (vaccin A)
et le vaccin tue par la chaleur et conserve dans le phenol (vaccin F). Un vaccin anti-
typholdique tue par l'acetone et desseche a ete utilise comme temoin.

Les epreuves comportaient: a) l'immunisation active de souris par le vaccin A l'etude,
par voie intraperiton6ale, puis 6 jours plus tard, injection d'une dose d'6preuve, en suspen-
sion, soit dans la mucine, soit dans le solute physiologique; b) immunisation passive de la
souris par du s6rum de lapin immunise au moyen de l'un ou l'autre des vaccins a l'etude,
suivie une heure plus tard de l'injection d'une dose d'6preuve, en suspension soit dans la
mucine, soit dans le solute physiologique; c) titrage des agglutinines H, 0, et Vi dans le
serum des lapins immunises par les vaccins A l'etude.

Ces divers tests ont donne des resultats discordants: L'immunisation active de la
souris indique une nette superiorite du vaccin A sur le vaccin F. On tire la meme conclu-
sion du test de protection passive avec suspension d'epreuve dans le solute physiologique,
et du test des agglutinines Vi.

L'immunisation passive de la souris avec suspension d'6preuve dans la mucine, et
le titre des agglutinines 0 chez le lapin, ne montrent aucune superiorit6 d'un vaccin sur
l'autre.

Le titre en agglutinines H chez le lapin indique la superiorite du vaccin F sur
le vaccin A.

Ces divergences, qui se sont produites egalement dans d'autres laboratoires, sont en-
core inexpliquees. Elles suggerent diverses remarques. Le titre elev6 en agglutinines H
du vaccin F (qui se revela le plus efficace sur le terrain) souleve la question du pouvoir
protecteur relatif des divers antigenes. I1 est possible, en particulier, que l'on ait pas
accorde A l'antigene H l'interet qu'il merite. Cependant, les faits observes dans la pratique
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indiquent que l'on ne peut tenir l'antigene H seul comme responsable de l'immunite.
L'antigene Vi semble perdre d6finitivement l'importance qu'on lui accordait, puisque ni
dans la pratique ni en laboratoire, il n'a conf6re l'immunite escompt6e. Selon les auteurs,
on peut, en variant les conditions de l'exp6rience, obtenir du test sur la souris n'importe
quels resultats. Autant dire que l'on ne peut lui accorder aucun credit pour preciser la
valeur d'un vaccin et predire son activit6 chez l'homme. Le probleme de la relation de
l'activite d'un vaccin sur l'animal et sur l'homme a ete resolu pour la coqueluche. II est
possible qu'en suivant la meme voie, on y parvienne pour le vaccin antitypholdique. II
reste a esperer que d'autres essais pratiques, pareils a ceux de Yougoslavie, seront entre-
pris dans d'autres r6gions, parallelement I une serie de tests de laboratoire, afin que l'on
puisse finalement etablir une relation entre les resultats des uns et des autres.
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