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International Reference Preparations
of Typhoid Vaccine

A Report on International Collaborative Laboratory Studies

J. SPAUN, M.D.1 & K. UEMURA 2

Before their establishment as International Reference Preparations of Typhoid Vaccine,
an acetone-inactivated vaccine (vaccine K) and a heat-phenol-inactivated vaccine (vac-
cine L) were tested on man in large-scale controlledfield trials and simultaneously subjected
to extensive collaborative laboratory studies on their relative potencies. Some 20 laboratories
in 12 countries took part in these collaborative studies. This paper describes in detail the
results ofthe investigation of 14 different assay procedures.

One of the main objects of these studies was to determine whether one or more of the
laboratory methods showed a correlation with the protective effectiveness of the vaccines
against typhoidfever in man. It is clear from the results reported that none of the potency
tests in animals reliably reflected the evidence obtained in human beings in the controlled
field trials. Some of the assays, however, seem to offer promise of ability to distinguish
between the potencies of typhoid vaccines in a manner reflecting their efficacy in man.
Further research is needed before the value of these procedures can be definitely assessed.

INTRODUCTION

Two typhoid vaccines (named vaccine K and
vaccine L) were tested in field trials in British Guiana
and Yugoslavia in 1960-63 (Typhoid Panel, UK
Department of Technical Co-operation, 1964;
Yugoslav Typhoid Commission, 1964). Samples of
each of these vaccines were established as the Inter-
national Reference Preparation of Typhoid Vaccine
(Acetone-inactivated) and the International Refer-
ence Preparation of Typhoid Vaccine (Heat-phenol-
inactivated), respectively, by the WHO Expert
Committee on Biological Standardization (1963).
A description of the preparation of the two vaccines
has been given by the Division of Immunology,
Walter Reed Army Institute of Research (1964).

Prior to their establishment as International
Reference Preparations the vaccines were subjected
to an extensive collaborative study on their relative
potencies. This study was arranged by the World
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Health Organization International Laboratory for
Biological Standards, Copenhagen, at the request
of the WHO Expert Committee on Biological
Standardization (1960). The studies were initiated in
the early summer of 1960 and completed two years
later. During the same period the two vaccines were
used in large-scale controlled field trials, the results
of which disclosed vaccine K to be of greater
efficiency than vaccine L in protecting human beings
against typhoid fever.
A survey of the laboratory potency studies is given

below. The names vaccine K and vaccine L have
been retained for the sake of convenience.
When these studies were started nothing was

known about the usefulness in predicting the
protective effect of typhoid vaccine in man of any
laboratory potency assay described in the literature.
It was therefore arranged that as many laboratory
assays as possible be tested during the international
collaborative studies. As many as fourteen different
types of assay, or modifications of them, were taken
into consideration.

It was obvious that a thorough examination of all
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conceivable assay methods was not possible within
the two years available for this collaborative study.
In order to study the reproducibility of the methods
it was thought necessary to try to have every assay
method investigated in these studies performed in at
least two, and preferably more, laboratories; this
was, however, not fully achieved.

Altogether twenty laboratories materially con-
tributed to the collaborative studies which are
reported on in detail in the following sections. The
participating laboratories are listed in the annex,
but are referred to in the text by code numbers
which do not necessarily correspond to the order of
listing in the annex. For simplicity of presentation
the different assay types have also been assigned code
letters.
Throughout all investigations the dosage of the

vaccines was based upon a bacterial content of 109
inactivated typhoid organisms per ml when the
vaccines were reconstituted to the volume indicated
on the containers.
For some of the assays detailed descriptions were

prepared beforehand to serve as instructions for the
laboratories. However, the experience in this
collaborative study was that there was little gain in
uniformity as a result of these detailed instructions,
although they may have facilitated the work of some
laboratories; in other cases they might have ham-
pered a full exploration of the method and thus
restricted rather than enhanced the scientific ap-
proach to the work.
The majority of the experiments were done with

active mouse protection tests. Altogether eight
different types of active mouse protection assay are
reported on. Those mouse protection tests involving
two immunizations were, on the whole, not capable
of distinguishing between the potency of the two
vaccines. The over-all estimate for the potency of
vaccine K expressed in terms of vaccine L arrived at
in this type of test was 1.08, which did not indicate
a significant difference between the vaccines.
More promise was found in the active mouse

protection test involving only one immunization,
although the combined results from all laboratories
analysed in detail do not unequivocally indicate a
greater efficacy of vaccine K than of vaccine L.

This type of assay was performed by challenging
with and without the addition of mucin. When
challenging without mucin after subcutaneous im-
munization, three laboratories found the potency of
vaccine K to be significantly higher than that of
vaccine L, but a fourth laboratory obtained the

opposite result. Hence the over-all estimate was
biased.
When mucin was used as addition to the challenge

after intraperitoneal immunization, the over-all
estimate for the higher potency of vaccine K was
significant, but this depended mainly on the result
from one laboratory. There are, however, reasons to
believe (Spaun, 1964) 1 that the method of intraperi-
toneal vaccination and intraperitoneal challenge
usually carried out in this type of assay might in-
fluence the specificity of the test.
Some experiments with the active mouse protec-

tion test were carried out using a challenge with a
typhoid strain containing no Vi antigen (Standfast,
1960b). The results, however, were not encouraging
as the test estimated the potencies of the two vaccines
not to be significantly different, and thus did not
reflect the field results.

Intracerebral challenge was used in a number of
assays. Although with this type of challenge the
potency of vaccine K was estimated at about three
times that of vaccine L, the method was relatively
imprecise and the difference in potency was not
significant.

Contradictory results were obtained using the
bacteraemia test (Lipp & Ihm, 1958). One laboratory
found vaccine K to be half as potent as vaccine L,
while another estimated vaccine K to be 2.5 times as
potent as vaccine L. The test, however, was impre-
cise and none of the results was incompatible with
the two vaccines being of equal potency.

In one laboratory an endeavour was made to
relate the relative efficacy of vaccine K and vaccine L
to the antigenic components at present known in
Salmonella typhi. The outcome of the experiment,
however, did not permit of any definite conclusion in
this respect.

Parts of the active mouse protection test were
comprehensive enough to permit an assessment of
the value of using a reference preparation in the
assays. It turned out that even a single laboratory
performing sets of tests over a relatively short period
of time will gain in precision by having the same
reference preparation included each time. When
the results in several laboratories were compared,
the use of a common reference preparation consider-
ably decreased the between-laboratory variation.

In order to provide a sound basis for critical
appraisal of the protection tests carried out in these
studies, a detailed account of the challenge cultures

' See the article on page 793 of this issue.
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used in the assays is given in Part III below. This
analysis is probably unique in that a description is
given of a large number of LD50 determinations
performed with the same strains of salmonella
typhi in many laboratories in different parts of the
world at almost the same time.
A number of laboratories also participated in the

evaluation of typhoid vaccines K and L by estimating
the H, 0, and Vi antibody responses in rabbits
immunized at two different dose levels of the two
vaccines. The antibodies were estimated after one
immunization and after four immunizations. On the
assumption that the two vaccines were only slightly
different in their antigenicity, greater attention was
paid to the results obtained after one immunization.
The Vi and H antibody formation seemed higher
after one immunization with vaccine K. The
O antibody formation, on the contrary, was less
after one immunization with vaccine K than after
one immunization with vaccine L. After four
immunizations with either vaccine the demonstrable
antibodies seemed to have reached similar con-
centrations.

Several laboratories investigated the protective
power of rabbit sera in passive protection tests,

mostly on mice, but also using embryonated eggs.
These studies were the least comprehensive part of
the collaborative study and as a whole the results of
the passive protection tests were not conclusive.
The experiments were few, their precision was not
very great, and no definite statement can be made
about the correlation of the passive protection tests
with the results obtained in the field. It is not pos-
sible to make any suggestions for further develop-
ments of these types of assay at present.

It was obvious from the collaborative laboratory
studies that none of the methods used to estimate
the relative potency of the two typhoid vaccines
could be said reliably to reflect the efficacy observed
in human beings in the controlled field trials. It was
decided none the less to establish international
reference preparations for typhoid vaccines. There
was a unique opportunity to obtain as international
reference preparations substances whose efficacy
has been well established in human beings. Further-
more it was hoped that some assay method could be
developed which would make it possible to estimate
the potency of typhoid vaccines in the laboratory,
and that these international reference preparations
would be useful for this purpose.

I. ACTIVE MOUSE PROTECTION TESTS

CHALLENGE WITH Vi-ANTIGEN-POSMnVE TYPHOID
STRAINS

The typhoid vaccines K and L were subjected to
investigation with several types of active immuniza-
tion tests in mice. The four protection tests described
initially here have common features in their design
which make it reasonable to treat them together
although it is obvious that the results obtained with
the different methods have yielded quite different
statements of the relative potency of vaccines K and
L. These four tests are those in which the greatest
numbers of animals were used, as several labora-
tories performed quite a considerable number of
replicate tests.

Design ofexperiments
Type B assay. This test has previously been widely

used in the United Kingdom and it was proposed
that it be carried out in all laboratories participating
in the active protection studies. Detailed instruc-
tions for the performance of the test (including

immunization schedules and challenge procedure)
were provided to the participants. For each vaccine
to be tested 60 young adult mice of one strain
weighing within 3 g of the average weight were to be
divided at random into five groups of 12 mice, one
serving as an unvaccinated control group. All mice
in the other four groups received two subcutaneous
0.5-ml doses of vaccine 14 days apart, the second
dose containing twice as many organisms as the
first. As to the difference in dosage between groups,
a twofold or fivefold increment from group to group
was proposed. It was stressed that after chalenge
the vaccinated groups should show a range of
mortality from low to high. It proved that in most
laboratories only the fivefold dosage increment was
useful in accomplishing this requirement. The range
of the vaccination doses was usually 2-250 million
organisms for the first dose, and double that amount
for the second.
The immunized mice were to be challenged intra-

peritoneally four weeks after receiving the second
dose, the challenge to consist of approximately
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250 million organisms in 0.5 ml of saline from a
6-hour agar-grown culture of typhoid strain Ty 2.
This culture was made available in freeze-dried form,
but some laboratories used their own specimen of
strain Ty 2, or, in rare cases, other typhoid strains
containing Vi antigen. The challenge with 250 million
organisms proved during the studies to be somewhat
too high in relation to the immunity afforded to
the animals by the above dosage schedules. It was
therefore necessary in some instances to decrease the
challenge dose so that a low as well as a high survival
rate could be attained within the same assay. No
indication was given as to the recording of deaths
after challenge, but it is well known (and was con-
firmed in these studies) that deaths from challenge
after three days are rare, and animals living longer
than three days were therefore taken to have survived
the challenge.
Most of the laboratories performed a complete

assay to determine the LD50 of the challenge sus-
pension simultaneously with each protection test.
Altogether 72 assays of type B were performed in
15 laboratories.

Type C assay. A description was also provided of
an active mouse protection test very similar to the
type B assay but providing a detailed specification
for thorough randomization of the animals for the
immunizations as well as during the stay in their
quarters. The injections were carried out according
to a Latin square design.
Here also it was recommended that two sub-

cutaneous immunizations be given at 14 days' inter-
val. The vaccine doses were 10, 50 and 250 million
organisms for both immunizations in 0.5-ml
volumes. The immunized animals were challenged
7 days after the second vaccine dose by intra-
peritoneal injection of 50-100 million organisms of
strain Ty 2 in a saline suspension. Altogether 30
assays of the C type were performed in two labora-
tories.

Type P assay. This test has been mainly used in
Eastern Europe. The main differences between this
and the assays of types B and C are that only one
subcutaneous immunization is given and that the chal-
lenge is performed 1-2 weeks after the immunization.
No specified recommendation was worked out for
these investigations so they are therefore not quite
uniform in design in the different laboratories. The
vaccine doses were 0.5-500 million organisms-a
range spanning that used for the first vaccine dose
in the B assay, and was usually arranged in fivefold

or 10-fold increments in 4-6 groups. The Ty 2 strain
was used for challenge. In about half of the tests
18-hour agar-plate cultures were used for challenge
and 6-hour cultures in the remainder. A three-day
observation period was used for determining survival
rates.
Some 25 assays of type P were carried out in four

laboratories.

Type N assay. The N test originated in the United
States of America, where it has been widely used
since the mid-1930s. One major difference from the
other tests described here is that mucin is added to
the challenge injection. This renders the Salm.
typhi used for challenge much more highly patho-
genic (roughly 105-106 times as pathogenic as a saline
suspension).
No specific instructions were prepared for this

test, and the performances in the different labora-
tories were therefore not very uniform. Three
laboratories immunized their animals intraperi-
toneally with one dose (Laboratories 1, 15 and 21).
Laboratory 10, however, gave two subcutaneous
immunizations. All laboratories chaUenged the
immunized animals intraperitoneally with a saline
suspension containing 5% mucin. The interval
between the last immunization and challenge was
6-14 days. All laboratories performed at least one
set of assays with about a week's interval between
immunization and challenge and Laboratory 15
made an additional experiment with 15 days'
interval. Three Salm. typhi strains were used-
namely, Ty 2 (Laboratories 10 and 15), V 58 (Labora-
tory 1), and 63 (Laboratory 21).

Statistical analysis
Out ofthe 150 potency tests of types B, C, P and N,

each comprising one active mouse protection test
with vaccines K and L, 136 have been statistically
processed by parallel-line probit-regression analysis
(Finney, 1952). The computations were done on an
IBM 1620 electronic computer at the University of
Geneva. From the remaining 14 experiments
which could not be processed by the machine,
information has also been extracted and included in
the material. From the results so obtained an over-
all estimate of the ED50 values and 95% confidence
limits for vaccine K and for vaccine L has been made
for each laboratory for assay types B, C, P and N
separately. These results are presented in Tables 1,
2, 3 and 4. The combination of the individual ED6os
for each laboratory was done with statistical weights
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TABLE I
CONSOLIDATED ED,o VALUES FROM EACH LABORATORY IN TYPE B ASSAY

Lbr- No. of Vaccine KVacnL
Laora experi- ELtborya ments|.eED,, 95 % conf. limits ED,. 95 % conf. limits

organisms) (10' organisms) (106 organisms) (10' organisms)

1 3 17.6 2.7-119 24.0 6.2-93.4

2 2 21.6 2.63-177 13.1 5.39-32

3 5 86.3 58.9-126 107 91-126

4 3 298 _-a 693 -a

5 4 220 000 85.1-568x 10 26 600 121-5 840 000

7 6 166 93-296 135 75-244

11 6 109 71-168 196 121-317

12 2 127 80-202 186 108-321

113 9 17.3 11.2-26.8 19.8 13.3-29.4

14 5 102 27-87 118 67-208

15 5 43.4 30.442 28.5 19.9-40.8

17 4 535 159-1 800 700 196-2 500

18 3 26.0 1.3-542 101 27-382

19 6 104 11-1 020 121 28-526

20 9 84.9 32.6-221 31.3 10.5-93.6

a The confldence limits are not computable by the usual formula. The reliability of the ED,,
values is extremely low.

TABLE 2
CONSOLIDATED ED,, VALUES FROM EACH LABORATORY IN TYPE C ASSAY

Labora-No.of Vaccine K Vaccine L
tory experi- ED6o 95 % conf. limits ED,, 95 % conf. limitsments (10o organisms) (10' organisms) (10' organisms)l (10' organisms)

1 6 3.64 0.59-25.7 5.83 1.55-21.9

5 24 18.5 14.0-24.5 18.0 13.9-23.3

TABLE 3
CONSOLIDATED ED,, VALUES FROM EACH LABORATORY IN TYPE P ASSAY

L No. of Vaccine K Vaccine L
tor experi- ED&q 95 % conf. limits ED,,

|
95 % conf. limitsments (10' organisms) (10' organisms) (10' organisms) (10' organisms)

1 8 0.0545 0.0284-0.104 0.487 0.277-0.859

7 3 15.7 12.1-20.5 6.18 4.63-8.26

113 5 14.3 6.1-33.3 41.5 12.2-141

20 9 5.02 0.55-45.7 14.2 2.1-94.2

_~~~~~~
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TABLE 4
CONSOLIDATED ED,o VALUES FROM EACH LABORATORY IN TYPE N ASSAY

Labo- No.of Vaccine K Vaccine L

tory experi ED5, 95 % conf. limits ED,o 95 % conf. limitsments (10' organisms) (10' organisms) (10' organisms)i (10' organisms)

1 4 0.0769 0.0188-0.314 0.203 0.133-0.308

10 5 2.52 1.85-3.53 3.08 2.26-4.20

15 11 1.16 0.81-1.67 3.84 2.76-5.34

21 3 0.0751 0.0479-0.118 1.15 0.74-1.80

which were the reciprocal of the variance estimated
on the internal evidence in each test separately.

All ED50 calculations have been made in relation
to the first set of vaccine doses injected into the
animals in the type B assay. When the results from
different experiments in the same laboratory were

found heterogeneous by the x2 test, the between-
experiment variance was estimated and the weight of
each ED50 value recalculated by taking into account

both within- and between-experiment variances
according to the procedure described by Bliss
(1952).
The variations between ED50s obtained in the

same types of assay in the different laboratories are
obvious from Tables 1, 2, 3 and 4. The effects of
various conditions on ED50 values were investigated
by study of the results obtained in assays of the same
type performed in the same laboratory-in parti-

TABLE 5
POTENCY OF VACCINE K RELATIVE TO VACCINE L ESTIMATED FROM THE
CONSOLIDATED RESULTS FROM EACH LABORATORY IN TYPE B ASSAY

Laboratory No. of Combined 1 95% Statistical
experiments potency conf. limits weight a

1 3 1.41 0.86-2.31 83.9

2 2 0.54 0.03-10.3 2.4

3 5 1.29* 1.03-1.61 407.1

4 3 2.33* 1.31-362 9.4

5 4 0.23 0.01-10.5 1.4

7 6 0.89 0.44-1.80 40.6

11 6 1.91* 1.04-3.49 55.4

12 2 1.42 0.80-2.50 63.0

113 9 1.10 0.64-1.87 70.5

14 5 1.17 0.55-2.51 35.1

15 5 0.66 0.40-1.09 80.0

17 4 1.00 0.30-3.35 14.0

18 3 3.74 0.87-16.0 9.6

19 6 0.92 0.54-1.55 74.7

20 9 0.34* 0.19-0.59 66.1

All laboratories [ 72 1.08 0.89-1.31 531.8

a Reciprocal of variance of logarithmic potency.
* Potency is significantly different from unity.
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TABLE 8
POTENCY OF VACCINE K RELATIVE TO VACCINE L ESTIMATED FROM THE
CONSOLIDATED RESULTS FROM EACH LABORATORY IN TYPE C ASSAY

Laboratory No. of Combined 95% Statisticalexperiments potency conf. limits weight0a

1 6 1.47 0.95-2.29 105.2

5 24 1.08 0.76-1.53 167.1

All laboratories | 30 1.22 - 0.93-1.60 272.3

a Reciprocal of variance of logarithmic potency.

TABLE 7
POTENCY OF VACCINE K RELATIVE TO VACCINE L ESTIMATED FROM THE
CONSOLIDATED RESULTS FROM EACH LABORATORY IN TYPE P ASSAY

Laboratory 1
No. of Combined 95 % Statistical

experiments potency conf. limits weight a

1 8 8.70* 5.73-13.2 116.8

7 3 0.26* 0.17-0.39 127.9

113 5 2.03* 1.27-3.24 92.8

20 9 2.86* 1.15-7.14 24.4

All laboratories 25 [ 2.08 0.59-7.34 12.8

a Reciprocal of variance of logarithmic potency.
* Potency is statistically different from unity.

TABLE 8
POTENCY OF VACCINE K RELATIVE TO VACCINE L ESTIMATED FROM THE
CONSOLIDATED RESULTS FROM EACH LABORATORY IN TYPE N ASSAY

L No. of Combined 95 % StatisticalLaboratory experiments potency conf. limits weighta

1 4 2.86 0.98-8.40 17.6

10 5 1.18 0.77-1.81 112.1

15 11 3.32* 2.09-5.28 94.8

21 3 15.3* 8.09-28.7 54.7

All laboratories | 23 ] 3.63* J 1.82-7.26 - 42.6

a Reciprocal of variance of logarithmic potency.
* Potency is significantly different from unity.

cular, the effect of the interval between the last Analysis of combined potencies of vaccine K relative
immunization and the challenge, and that of the to vaccine L
size of challenge dose. No definite relationship was
detected between the ED50 and the interval between In order to make the results obtained in the
immunization and challenge. However, a clear different laboratories easily comprehensible and
relationship was seen between the ED50s and varia- comparable, the potency of vaccine K relative to
tions in the challenge dose: the higher the challenge vaccine L (arbitrarily assigned a potency of unity)
dose, the greater the ED50. has been set out in Tables 5, 6, 7 and 8.

2
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The statistical quantities given in the tables were
computed in a way similar to that indicated for the
estimation of the ED50 values.
Out of the 15 laboratories determining the potency

of vaccine K by the type B assay, three found
vaccine K significantly more potent than vaccine L
(relative potency of K>1), whereas one laboratory
found vaccine K significantly less potent than
vaccine L (relative potency of K < 1). Of the
remaining 11 laboratories, five estimated the potency
of vaccine K to be greater than unity, but examina-
tion of the precision of their experiments disclosed
that the true potency with a 95% probability was
within a range covering unity. Five laboratories
estimated the potency of vaccine K to be below
unity, but the 95% confidence limits do not make it
possible to discount the possibility that the true
potency lies within a range covering unity. One
laboratory estimated the potency of vaccine K to be
equal to unity. It has not been possible to ascertain
why Laboratory 20 estimated vaccine L to be more
potent than vaccine K. For the majority of its
experiments this laboratory used a 14-day interval
between the last immunization and the challenge.
The same interval was used by Laboratory 2, while
the remainder of the laboratories used the pre-
scribed 28 days.
The over-all estimate of the potency of vaccine K

from the results of all laboratories performing the
type B assay is 1.08 with 95% confidence limits of
0.89-1.31. This indicates the potency of vaccine K to
be 8% higher than that of vaccine L, but does not
disprove the possibility that the two vaccines have
identical potency.
The studies with the type B assay seem to show

that under usual working conditions it is very excep-
tional for the potency of vaccine K in relation to
vaccine L to be estimated to be different from
unity.

Neither of the two laboratories carrying out the
type C assay found the potency of vaccine K
significantly different from unity. The combined
results from the type C assay, therefore, consolidate
those of the type B. A priori, not much difference
would be expected between these two types of assay
unless the different interval between the last of the
two immunizations and the challenge influenced the
outcome. The C assays, however, lend no support
to the suspicion arising from the B assays that the
shorter interval influences the results.
Four laboratories carried out the type P assay in

which only one subcutaneous immunization was

given followed by challenge after 6-14 days. In
three laboratories the potency of vaccine K was
found to be significantly higher than that of
vaccine L, the difference being twofold to eightfold.
One laboratory, however, found the potency of
vaccine K to be significantly lower than that of
vaccine L. This finding affected the over-all potency
-estimated on the combined results from all
laboratories to be higher than unity, but not signifi-
cantly. It has not been possible to ascertain why
Laboratory 7 arrived at a result obviously discrepant
from those of the other laboratories. Laboratory 7
had a 10-day interval between vaccination and
challenge. In tests in the other laboratories some
6-day and some 14-day intervals were used. The
interval therefore seems not to afford a reasonable
explanation for the discrepancy. The mice used for
the experiment in Laboratory 7 were of unpedigreed
stock so it might be that the animal source was the
real cause.
The results of the type N assay, performed in

four laboratories, yielded two potency estimates for
vaccine K significantly higher than unity. One
laboratory arrived at a potency very close to unity
and the fourth found a potency almost three
times as great as that of vaccine L, but neither of
these results was statistically significant. Good
reasons may be advanced to explain the low potency
estimate (1.18) found in Laboratory 10, as this
laboratory used two subcutaneous immunizations,
whereas the remainder used one intraperitoneal
inoculation. It is amazing that Laboratory 21
estimated a potency for vaccine K about 15 times
that of vaccine L; however, it may be significant that
this laboratory used Salm. typhi strain 63 for
challenge. The over-all potency of vaccine K
estimated by the type N assay in 23 experiments in
four laboratories amounts to 3.63-significantly
greater than unity.

Precision of the ED50 and relative potency
The variability in ED50 between experiments

performed in the same laboratory was greater than
the variability in the corresponding relative poten-
cies. The between-experiment variance was com-
puted from the log potency of vaccine K and the
log ED50 of vaccines K and L. It will be seen from
Table 9 that the between-experiment variance was
significantly greater than the within-experiment
variances estimated for each laboratory separately
in 12 cases for the ED50 of vaccine K and in nine
cases for the ED50 of vaccine L, while there were
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TABLE 9
BETWEEN-EXPERIMENT VARIANCE OF LOG POTENCY
AND ED60 VALUES IN TYPES B, C, N AND P ASSAYS

Between-experiment variance a of:
Assay Laboratory K

type L~~otecg Log ED60~K Log ED50L

B

2

3

5

7

11

12

113

14

15

17

18

19

20

C

10
N

15

21

7
P

113

20

a NS = not significant.

NS

0.65

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

0.13

NS

0.08

NS

NS

NS

NS

NS

0.34

NS

0.02

NS

NS

NS

NS

NS

0.31

NS

NS

1.03

1.13

0.26

0.76

NS

0.33

NS

0.05

NS

0.12

NS

0.14

1.60

0.17

0.85

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

0.43

0.37

0.32

NS

NS

NS

0.04

NS

0.09

NS

0.30

1.14

only three cases in which the variation was significant
for the relative potency.

It therefore seems clear that even single labora-
tories performing series of experiments within a

relatively short period of time will benefit from
using the same reference preparation in all experi-
ments.
A considerable degree of variation is noted among

the results obtained from different laboratories.
The differences were tested by the x2 method for

heterogeneity and the between-laboratory variance
was estimated according to the formula of Bliss
(1952). It is of interest to compare the magnitude
of the between-laboratory variance with that of the
variance within the laboratories. It should, how-
ever, be kept in mind that the magnitude of the
within-laboratory variance differs from one labora-
tory to another, due partly to the varying degree of
uniformity achieved in each laboratory and partly
to the fact that the number of assays carried out in
each laboratory, as well as the number of animals
tested per experiment, varied from laboratory to
laboratory. Elimination of the latter variation has
been attempted by relating the within-laboratory
variance to the number of assays performed in the
laboratory and to the total number of animals tested.
Only the results of the latter will be presented here.
Within-laboratory variances per 100 animals were
computed in the following way:

( Within-labora-
tory-variance )

per 100 animals

IVariance of the
combined esti-
mate for the
laboratory

x(

Total number
of animals

tested by the
laboratory

100
I

Table 10 presents the within-laboratory variance
per 100 animals, which indicates the average degree
of precision attained by the laboratory when using
100 animals. Since most laboratories carried out
each assay with about 100 animals this variance is a
convenient index to compare with the between-
laboratory variance. A wide variation in within-
laboratory variance was revealed in the different
laboratories. Several factors are involved, but
probably the most important cause of the varying
precision was the difficulty of obtaining well-graded
response rates both below and above 50% survival
in several laboratories. The between-laboratory
variance was mostly greater than the within-labora-
tory variance. Assay C was performed only in two
laboratories, and consequently the results of the
evaluation of the within- and between-laboratory
variances may not be comparable with those from
the other types of experiments. Nevertheless the
results from the two laboratories showed good
agreement; the between-laboratory variation was
not statistically significant.
The sum of the within- and between-laboratory

variances indicates the degree of reliability of the

769



J. SPAUN & K. UEMURA

TABLE 10
WITHIN-LABORATORY VARIANCE,

BETWEEN-LABORATORY VARIANCE AND
TOTAL VARIANCE OF THE LOG POTENCY

AND LOG ED,o IN TYPES B, C, N AND P ASSAYS

Variance a of:
Assay Comparison Log Log Log
typeLo Lo Lg

potency ED50K EDo0L

B Within-laboratory 0.12 0.12 0.15

Between-laboratory 0.0064 0.64 0.45

Total 0.13 0.76 0.60

C b Within-laboratory 0.094 0.55 0.25

Between-laboratory NS NS NS

Total 0.094 0.55 0.25

N Within-laboratory 0.096 0.028 0.024

Between-laboratory 0.19 0.60 0.34

Total 0.29 0.63 0.36

P Within-laboratory 0.11 0.16 0.21

Between-laboratory 0.33 1.0 0.60

Total 0.44 1.16 0.81

a NS not significant.
b Assays of type C were performed in two laboratories only.

Although the results from the two laboratories showed good
agreement, it may not be proper to generalize this conclusion.

results of an assay with 100 animals performed by a
laboratory, when the results are to be compared
with those from different laboratories. Table 10
shows the total variance obtained by adding the
median within-laboratory variance to the between-
laboratory variance for assays B, C, N and P.
To give an impression of the meaning of the figures
it can be stated that if a potency or an ED50 be
multiplied or divided by the anti-logarithm of
twice the square root of a variance, the resulting
two quantities will determine the range of the
potency or the ED50 within which the true potency or
ED50 will be situated with a 95% probability.

It is obvious from Table 10 that the median
within-laboratory variance is about the same order
of magnitude for the ED50 determination and the
potency estimate for assays B, P and N, whereas
for assay C the within-laboratory variance of
the potency proved to be somewhat smaller than
the within-laboratory variance of the ED50s. The

between-laboratory variation of the potency esti-
mates proved to be smaller than that for the ED50s
in assays B, N and P; this was especially pronounced
in assay B. The same holds true for the total
variance of the potency estimates. It seems that the
total variance in assays B and C amounts to about
the same quantity, whereas in the one-immunization
assays (N and P) the total variance is about two to
three times that magnitude. At any rate it is reason-
able to conclude that the use of a common reference
preparation for the estimate of the efficacy of a
vaccine decreases the variation in results obtained
in different laboratories.

Analysis ofslope of dose-response regression lines

To check the validity of the statements about the
potency estimates set forth in this report it is
important to analyse the slopes of the regression
lines determined. Such an analysis will also serve to
check the assumption that the two vaccines can be
considered as having identical qualities and as
differing in efficacy by only a dilution factor. For
each test in each laboratory an estimate of the slope
of the dose-response curve was made. A pair of
parallel lines was fitted to the dose-response data for
the two vaccines on probability log paper. A
common slope coefficient for each pair of results of
vaccines K and L was computed. The parallelism
of the regression lines was tested by the method
described by Finney (1952).

In most experiments the regression lines for the
two vaccines did not show a significant deviation
from parallelism. Out of the 136 parallel line
analyses done by the computer, only six showed
evidence of non-parallelism at a 5% significance
level. The six cases might well be excluded from
the evaluation of the potency and other informa-
tion; in none of them was the significance level of
1 % reached. Based on the statistical tests at the 5%
probability level we would expect, among 136 assays
tested, 6 or 7 cases to be judged contrary to the null
hypothesis even if the hypothesis were true. Further-
more the weight to be attached to the potency
estimates derived from these experiments was rather
low and hence was unlikely to influence materially
the over-all estimate of potency. For these reasons
the six cases showing a significant departure from
parallelism from the dose-response lines were
included in the final evaluation.
Once the dose-response regression lines for the

two vaccines were found satisfactorily parallel,
further studies of the slope of lines were based on
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the common slope, i.e., the slope of the parallel
probit-regression lines fitted to the response rates of
the two vaccines. The slope coefficients were studied
in relation to varying conditions in experiments of
the same type performed in the same laboratory.
In many cases there was no obvious tendency for the
slope to change with experimental conditions.

In Laboratory 5, assay C was performed with
24 replications, 14 using a challenge dose of 100
million organisms and 10 using 50 million. The
slope coefficients were 0.74 and 1.17 respectively.
The X2 test for heterogeneity applied separately to
each group did not indicate any evidence of hetero-
geneity within the groups. The difference between
the two slopes is statistically significant at a 1 %
probability level. However, it may be rash to ascribe
the slope difference to the difference in the challenge
doses. In fact, varying challenge doses were used
in several other laboratories. A graphical analysis
of the slopes of regression lines for assays of types B
and P in relation to the size of the challenge doses
used in the different assays did not reveal any clear
tendency for the slope coefficient to be dependent
on the number of LD50s used as a challenge.

It should, however, be noted that the 14 assays in
which the challenge dose was 100 million organisms
gave plotting points for the lower part of the dose-
response curves only, seldom reaching the 50%
survival point, whereas the assays with a 50-million-
organism challenge covered the 50% point well.
Assuming the two sets of assays to describe two
different parts of the same survival curve, they should
be expected to have the same slope when probit
transformation is used. The lack of agreement
between the two slopes estimated therefore seems to
indicate that the mathematical model used for the
computations does not fit the biological data when
extreme parts of the dose-response curves are used.
An analysis of the variation of the slopes in assay

type C from Laboratory 5 was also performed by
means of the logit transformation. A similar differ-
ence in slopes for the two sets of assays (i.e., for the
two challenge doses) was revealed.
For the sake of completeness it should be repeated

that the slopes of the regression lines for vaccines K
and L are not statistically significant within the two
assay sets individually. The significance stated,
therefore, does not affect potency estimates arrived
at in this study, but will, of course, decrease the
precision of the combined results consolidated by
collecting experiments describing different parts of
the dose-response curve.

TABLE 11
SLOPE COEFFICIENT OF THE DOSE-RESPONSE

REGRESSION LINE,a ESTIMATED FOR TYPES B, C, N
AND P ASSAYS

Assay type Combined estimate Standard errorA YPtype of slope coefficient of slope coefficient

B 1.16 0.17

C 1.30 0.35

N 1.50 0.10

P 1.12 0.28

a Abscissa = log dose of vaccine; ordinate = survival rate
in probits.

In general the slope coefficient estimated from
experiments of the same type performed in the same
laboratory did not show heterogeneous variation.
It is only in three instances that the between-
experiment variation was statistically significant.
That is to say, only in those three cases was the
variation in slope estimates greater than the variation
arising from the internal scatter in the individual
assays. Combined estimates of the slope coefficients
were computed in each laboratory for each assay by
following a similar procedure as for the potency and
ED50. These results were combined so that an over-
all estimate of the slope coefficient of the dose-
response regression lines for each type of assay was
arrived at. These quantities and their standard
errors are set out in Table 11. There is no statis-
tically significant difference between the combined
slopes estimated for assay types B, C, N and P.

CHALLENGE WITH Vi-NEGATIVE TYPHOID STRAINS

In a thorough analysis of the laboratory assays
carried out with the typhoid vaccines used in the
field studies in Yugoslavia in 1954-56 (Yugoslav
Typhoid Commission, 1957, 1962), Standfast (1960a)
concluded that the Vi antigen was the decisive factor
in protection tests carried out in mice. As this
finding did not correlate with simultaneous
experience in human studies he subsequently tried
to obviate the influence of the Vi antigen in the
mouse protection tests (Standfast, 1960b). In his
later publication the basic research on the use of the
Vi-negative typhoid strain T 5501 in the mouse
protection test was presented. This type of test is for
convenience here called type D assay.
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TABLE 12
CONSOLIDATED ED,o VALUES FROM EACH LABORATORY IN TYPE D ASSAY

Labora-No. of Vaccine K Vaccine LLabora-Iexperi-tory ments ED50 95 % conf. limits ED,o 95 % conf. limitsments (106 organisms) (106 organisms) (10 organisms) (106 organisms)

1 6 33

2 5 21

7 3 280

17 4 190

18-60

0.4-1 100

38-2 100

49-760

61

58

14

92

35-107

3.4-1 000

2.7-69

4.7-1 800

TABLE 13
POTENCY OF VACCINE K RELATIVE TO VACCINE L
ESTIMATED FROM THE CONSOLIDATED RESULTS
FROM EACH LABORATORY IN TYPE D ASSAY

Laboratory No. of T ombined 95%experiments potency conf. limits

1 6 1.2 0.57-2.7

2 5 3.3 0.97-10

7 3 0.05* 0.00-0.71

17 4 2.7 0.28-20

All laboratories 18 1.0 0.18-5.7

* Potency is significantly different from unity.

Results

In spite of a detailed and practical description
having been worked out for the participants per-

forming the type D assay, the uniformity in the
performance of the tests was not very great. There
were differences within the same laboratory and
between laboratories with regard to the immuniza-
tion route (subcutaneous or intraperitoneal), the
number of vaccine doses given (one or two) and the
interval between the (last) immunization and
the challenge (6-14 days). The age of the challenge
culture also varied, although 6-hour cultures were
mainly used. Agar was used as an addition to the
challenge in one laboratory and mucin in the others.
In spite of these varying conditions in the design of
experiments in the different laboratories, it has been
necessary to treat them together because the number
of experiments carried out was rather limited. The
results from one laboratory have had to be left out
of consideration because the data submitted could
not be used for estimating the relative potency of

the vaccines since a varying challenge dose and
constant immunizing dose were used.
One gets the impression that the laboratories

encountered difficulties in balancing the size of the
challenge dose against the immunity elicited in
the test animals.

Tables 12 and 13 present the ED,0 values for
vaccines K and L and the potency of vaccine K in
relation to vaccine L (arbitrarily assigned a potency
equal to unity), together with the 95% confidence
limits.

It is obvious that the precision of these experiments
is very low. One laboratory arrived at a significant
statement with regard to a difference in potency
between the two vaccines-namely, that vaccine K
had a potency of only 5% of that of vaccine L.
The over-all potency estimated for vaccine K on the
basis of the combined results from all laboratories
was 1.0, with possible variations from five times
above to about five times below this figure.
The outcome of the collaborative studies with

the Vi-negative challenge in the type D assay is thus
rather disappointing. One feature, however, should
be mentioned. The combined slope of the dose-
response curves estimated in all laboratories was
found to be 0.45 with a standard error of only 0.04,
by far the most accurate estimate of slope in all the
collaborative studies performed with typhoid vac-
cines K and L. The slope is with reference to an
abscissa which is the log dose of vaccine and an
ordinate which is the survival rate in probits. It is
significantly different from zero, and furthermore
significantly lower than any of the combined slopes
estimated in protection tests B, C, P and N. The
inference to be drawn from this finding is not
immediately apparent. Our knowledge about similar
flat slopes encountered in dose-response curves in
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oassive protection tests with 0 antibody (Spaun &
Bentzon, 1957) suggests the possibility that there may
be a correlation between the outcome of the protec-
tion test with Vi-negative challenge and the 0
agglutinin. This has, however, not been proved.

OTHER ACTIVE MOUSE PROTECTION TESTS

Besides the more or less traditional active mouse
protection tests, various other types of active
immunization tests were carried out. Two labora-
tories performed active mouse protection tests using
the intracerebral route for challenge; three other
laboratories tested the vaccines by taking the
bacteraemia in immunized mice as a measure of the
immune response; and one laboratory investigated
the protective effect of the vaccines in mice using
three different challenge strains of Salm. typhi-
namely, a typhoid strain with complete antigenic
equipment, a typhoid strain lacking the Vi antigen,
and a Salm. typhi variant containing only traces
of H and 0 antigens, but with the Vi antigen
retained.

Design of experiments
The type G assay in this report designates the

active mouse protection test with intracerebral
challenge, Salm. typhi Ty 2 being used for the
challenge in both laboratories. About 103-104
organisms were injected intracerebrally in a volume
of 0.03 ml six days after immunization. Laboratory
17 used a 15-hour agar-grown culture suspended in
casein digest; Laboratory 1 used a 51/2-hour agar-
grown culture suspended in saline. The observation
periods for survival were 28 and 14 days for
Laboratories 1 and 17 respectively. Immunization
was performed intraperitoneally in both laboratories
with vaccine doses of about 106_108 organisms and
four- or fivefold increments from one to another
of the four animal groups. The mice used were
either of the C3H strain (weighing 11-16 g) or
from Rockland Farms, New York (weighing
12-14 g). For a description of the technique the
laboratories were referred to the work of Landy,
Gaines & Sprinz (1957).

The type I assay refers to the active immunization
test in mice using the clearance of bacteria from the
blood-stream after intraperitoneal challenge with
Salm. typhi as a measure of the immune response.
The laboratories were recommended to use the
publication by Lipp & Ihm (1958), as a basis for their
investigations. Two laboratories used the Ty 2 strain

grown on agar and suspended in saline for intraperi-
toneal challenge, Laboratory 5 using an 18-hour
culture and Laboratory 14 a 6-hour culture. Both
Laboratories 5 and 14 gave two subcutaneous im-
munizations 14 days apart. Laboratory 5 challenged
seven days and Laboratory 14 challenged 30 days
after the second immunization. The vaccine doses
ranged from about 2 million to 250 million organisms
for the first immunization and were double the first
dose for the second immunization. Three or four
animal groups were used. The ED50s were calculated
in terms of the size of the first dose. Laboratories
5 and 14 indicated as their score the number of mice
that were still bacteraemic one hour and five hours
respectively after the challenge.

The type J assay was performed in one laboratory
using the technique described by Heymann & Jandl
(1960). Three different challenge strains were used
in separate assays; strain Ty 2 containing Vi, H and
O antigen, strain Ty 582 containing 0 and H antigen,
and strain Ty 62 containing Vi antigen, and no H or
O antigen detectable by the agglutination test. One
intraperitoneal immunization was given a fortnight
before the intraperitoneal saline challenge with an
18-hour agar-grown culture. The vaccine doses given
ranged from 1 million to 100 million. In all these
experiments the laboratory used a local reference
vaccine for comparison with vaccines K and L.
The experiments were so designed that any one test
comprised a 3-point assay of two of the three
vaccines in which one vaccine was estimated at two
dose levels and the other vaccine in the test at one
level only. This arrangement unfortunately limited
the information about the potency of vaccine K in
relation to vaccine L.

Results
Table 14 shows the results of the intracerebral

challenge test (type G assay), giving ED50 and
combined potency estimates. Both laboratories
arrived at a potency estimate of vaccine K in relation
to vaccine L greater than unity, but none of these
results reached the 5 % level of significance. Hence
it is not possible to draw any definite conclusion as
to whether this type of test is able to distinguish
between the potency of the two vaccines.
The outcome of the bacteraemia tests is set out in

Table 15. The results are presented in the usual way
to show the ED50 for the two vaccines as well as the
combined potency of vaccine K relative to vaccine L.
Laboratory 14 estimated the potency of vaccine K to
be only one-half that of vaccine L, while Laboratory
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TABLE 14
POTENCY OF VACCINE K RELATIVE TO VACCINE L AND EDso VALUES ESTIMATED FROM RESULTS

FROM LABORATORIES I AND 17 IN TYPE G ASSAY

TABLE 15
POTENCY OF VACCINE K RELATIVE TO VACCINE L AND ED5, VALUES ESTIMATED FROM RESULTS

FROM LABORATORIES 5 AND 14 IN TYPE I ASSAY

Vaccine K .Vaccine LNo. Combined 95 % conf.
Laboratory of experi- EDSo 95 % conf. limits ED50 95 % conf. limits potency limits

ments (10' organisms) (10' organisms) (10' organisms) (10' organisms)

5 4 270 92-760 640 150-2 600 2.5 0.65-9.4

14 3 2.9 0.38-8.2 1.6 0.154.8 0.56 0.07-3.3

TABLE 16
POTENCY OF VACCINES K AND L IN RELATION TO ONE ANOTHER AND TO A LOCAL
REFERENCE VACCINE IN TYPE J ASSAY WITH THREE DIFFERENT CHALLENGE STRAINS

Challenge strain Experiment Test Potency 95 % conf. limits
(and antigenic No. Ts oec 5%cn.lmt
composition)

Ty 2 2 & 3 K in relation to L 0.06 0.00-23.1
(Vi, H, 0)

1 K in relation to local ref. 3.1

4 L in relation to local ref. 2.5 -

Ty 582 6 & 8 K in relation to L 0.75 0.00-14 000
(H, 0)

7 K in relation to local ref. 0.62 -

5 L In relation to local ref. <1 -

Ty 62 9 & 10 K in relation to L 7.7 1.7-2500
(vi)

11 & 12 K in relation to L 8.0 1.1-280

5 estimated it to be about two-and-a-half times that
of vaccine L. None of these results was found statis-
tically significant at the 5% level.
The results of the type J assay are presented in

Table 16. Common slopes fitting the observations in
each pair of experiments have, as far as possible,
been computed.
Experiments 1 and 4 with the Ty 2 challenge and

experiments 5 and 7 with the Ty 582 challenge have

not been used for estimating the potency of vaccine K
because the experiments were not performed on the
same dates. The assays performed with the Ty 62
challenge show considerably greater protection with
vaccine K, but the 5% level of significance is not
reached here either. This latter assay may be the
most clear demonstration of the overwhelming
influence of the Vi antigen in the active mouse
protection test.
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1i. AGGLUTININ TITRATIONS OF SERA FROM IMMUNIZED RABBITS
AND PASSIVE PROTECTION TESTS

AGGLUTININ TITRATIONS

Most of the laboratories participating in the
international collaborative assay of typhoid vaccines
K and L were asked to immunize rabbits with
two different doses of the two vaccines and after-
wards to test the rabbit sera for contents of H,
O and Vi antibody. Altogether 15 laboratories
submitted their results. One laboratory reported
the results in a condensed form only, which did
not permit thorough comparison with the results
obtained in the other laboratories.

Design of experiment

These assays were to be carried out by every
participating laboratory according to the same
technique, and detailed instructions were sent out '
relating to the immunizing schedule and the per-
formance of the agglutination tests. It was possible
to use the same antigen preparation in almost all
the laboratories as Dr Patricia Bradstreet, Standards
Laboratory, Central Public Health Laboratory,
Colindale, London, generously made available
agglutination suspensions for H, 0 and Vi agglu-
tinins. The Walter Reed Army Institute of Research,
Washington, D.C., kindly provided the material
necessary for the Vi haemagglutination test, per-
formed according to the technique of Landy &
Lamb (1953).

Immunization of rabbits
Samples of serum from rabbits weighing about

2.5 kg were to be tested for the presence of agglutinins
against the H, 0 and Vi antigens of Salm. typhi.
According to the original plan, rabbits with a pretest
positive titre >5 for Vi antibody or >10 for 0 and
H antibody were to be excluded from the assay, but,
owing to the difficulties experienced by some labora-
tories in obtaining rabbits with 0 antibody titres of
less than 10, it proved necessary later on to accept
pre-immunization titres <40 for 0 antibody in the
sera of the rabbits used for immunization.
For each vaccine to be tested random groups of

10-20 rabbits were to be divided into two groups of
5-10. The rabbits of one group received at seven-

1These instructions were kindly prepared by Dr E. S.
Anderson, Enteric Reference Laboratory, Central Public
Health Laboratory, Colindale, London.

day intervals four intravenous injections of 0.5 ml
of reconstituted vaccine diluted 1/10 (50 million
organisms per dose), and those of the other group
the same schedule but with the vaccine diluted
1/1000 (0.5 million organisms per dose). Serum
samples were to be taken from each rabbit imme-
diately before the second dose of vaccine was
injected and seven days after the fourth dose.

Results

In spite of the detailed description for the per-
formance of the tests, the records from the different
laboratories varied greatly. Some laboratories did
not submit detailed readings of all serum dilutions
but just indicated the titres according to their own
estimates. In many instances there was very poor
antibody response-especially with H and Vi anti-
body after one immunization, and, with Vi antibody,
even after four immunizations. From estimations
based on bacterial suspensions as well as on haemag-
glutination, several laboratories reported no detect-
able Vi antibody, even in the lower serum dilution,
in any of the rabbits in a group, especially after im-
munization with the lowest dose. There also appear
to have been obstacles to the detailed grading of the
agglutination, and the impression is received that the
readings were very subjectively made and were very
dependent on the traditions and habits of the
different laboratories.

It had been intended that the whole material
would be treated in such a way that the titre of each
serum could be determined objectively from the
readings given by each laboratory; the average titres
of the groups and the standard errors could then
have been estimated. For this to be feasible, how-
ever, the titre of each serum must be susceptible of
exact estimation, and in many instances this was not
possible.
A survey of all the results obtained has been given

by setting out in Table 17 the median titres from all
participating laboratories. However, no information
is available as to the precision of these median titres,
and therefore no definite conclusions can be drawn
from this table.

Three laboratories submitted results that appeared
to be suitable for the application of this procedure,
but nevertheless some information was lost on
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TABLE 17
MEDIAN TITRES OF RABBIT IMMUNE SERA, EXPRESSED AS THE RECIPROCAL OF THE SERUM DILUTION a

Vaccine dilution 1/1 000

7 days after first
injection

K L

7 days after f
weekly injec

K

<20 <20 320

80 80 320

<5 <5 <5

<5 <5 5

Vaccine dilution 1/10

ourth
tion

L

40

640

<5

<5

7 days after first
injection

K

160

640

<5

5

L

<20

640

<5

<5

7 days after fourth
weekly injection

K

5 120

1 280

10

80

1' Results from all laboratories combined.

account of uncertainty regarding the titres of one or

several animals in a group. Table 18 shows the
results obtained in Laboratories 7, 8 and 14 with
Karber's method as adapted by Spaun (1956).
As stated, it was not possible to avoid considerable
loss of information since this method is not ap-

plicable unless at least the lowest dilution tested
shows the highest degree of agglutination. In
order to minimize the loss, the following quantifying
values were assigned to the different degrees of
agglutination reported from Laboratories 7 and 14:

Reported
degree of
agglutination

+++
+ +

-,I-

+ Ti

(±)

Assigned value

5

4
3
2
1
0

A complete scale from 0 to 8 was used for Labora-
tory 8 as the simplification from 0 to 5 did not result
in any substantial gain of information.

Table 19 shows the differences in the average log
titres obtained by the agglutinin titrations in these
three laboratories.
There is little information on the possible differ-

ences between vaccines K and L in their antibody-
producing effect after one immunization. Labora-
tory 14 found significantly higher H antibody
production after immunization with vaccine K at a

dose of 1 x 50 million organisms. Laboratory 7
found significantly better 0 antibody production
after immu nization with the same dose of vaccine L;

on the other hand, Laboratory 14 found vaccine K
to be the more effective in producing 0 antibody,
with a nearly twofold difference in serum titre
(difference in log titre=0.28), but this difference is
not statistically significant.

There were considerable differences in the H anti-
body estimations after four immunizations in the
four high-dose experiments listed in Table 19.
Laboratory 7 estimated vaccine L to be twice as

effective in eliciting H antibody formation as vac-

cine K, whereas Laboratory 14 estimated vaccine K
to be about 1.5 times as effective as vaccine L.
There is also disagreement between the two experi-
ments performed by Laboratory 8, the first suggest-
ing that vaccine K is superior and the second indicat-
ing a statistically significant superiority of vaccine L.
There seems to be fairly good agreement between

all the 0 antibody titres after four immunizations,
all showing vaccine L to be more effective than
vaccine K. However, in only one of four cases is the
difference statistically significant. With regard to the
Vi antibody formation also, there seems to be
reasonable agreement between the results obtained,
all showing vaccine K to be superior, with statistical
significance in two cases.

Estimation of vaccine potency by probit regression
analysis
The above traditional way of analysing the results

of the agglutination test by computing average titres
for groups of sera does not yield an estimate of
the potency of the two vaccines, but only makes it
possible to state which vaccine gave rise to the
highest antibody titre at each dose level. With a

simplified design and a straightforward statistical
analysis it is difficult to obtain information on the

Antibody
tested for

- _7

H

0

Vi (bacterial)

Vi (haemagglu-
tination)

L

5 120

1 280

<5

20
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TABLE 19
DIFFERENCES IN AVERAGE LOG TITRES (K-L) OBTAINED BY KARBER AGGLUTINATION TITRATION

IN THREE LABORATORIES

* Statistically significant at 5 % probability level.
** Statistically significant at 1 % probability level.
- = No comparison possible.

dose-response curves in agglutination tests, as it is
known that the log serum antibody titres are not
rectilinearly dependent on the vaccine dose.
From the present assays it is, however, possible to

obtain information about the number of sera

showing agglutination at any serum dilution tested.
By an appropriate choice of the serum dilution an

antibody response rate in the serum groups other
than 100% or 0% can be estimated. The serum

dilution does not need to be the same in different
laboratories but this analysis is based on the same

dilution for the same antibody within each labora-
tory. The frequency of presence of antibody can be
transformed to probit, which parameter is recti-
linearly dependent on the logarithm of the dose.

The advantage of this type of analysis is that it
makes it possible to use much of the information
which is otherwise lost in the computation of log
titres by the traditional method mentioned above.
To consolidate the results and take advantage of

the tests performed in different laboratories a com-
bined estimate of potency for each kind of test was
obtained from the results from the several labora-
tories. A weighted average of the logarithmic
potency was calculated by using the reciprocal of the
variance of each individual potency estimate as

the weight. The combined results are shown in
Table 20.
The combined estimate of potency in the test for

H antibody after the first immunization was signifi-

TABLE 20
COMBINED ESTIMATES OF POTENCY OF VACCINE K IN TERMS OF VACCINE L

AS DETERMINED IN AGGLUTINATION TESTS

Combined
Antibody tested for estimate 95 % conf. limits

of potency

H after first immunization 7.67* 2.03-29.0

H after fourth immunization 0.75 0.11-5.20

0 after first immunization 0.36* 0.13-0.95

Vi (bact.) after fourth immunization 4.80 0.65-35.4

Vi (haem.) after fourth immunization 2.70 0.78-9.29

* Significantly different from unity at 5 % level.
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cantly higher than unity, and that in the test for
0 antibody after the first immunization was signifi-
cantly lower than unity. No statistically significant
differences were revealed between the two vaccines
by the other tests.

Slope of regression lines

An analysis of the slopes of the regression lines
was performed in order to find out whether there
was any statistical difference between the slopes of
the antibody response curves of the two vaccines.
This analysis is important in connexion with the
expression of the potency of vaccine K in relation to
vaccine L; for such an expression to be valid, the
two regression lines must be parallel. Only in two
laboratories was it found that the line describing
the response to vaccine K was significantly steeper
than that for vaccine L-namely, after one immuni-
zation in the H antibody determinations and after
one immunization in the 0 antibody determinations.
In the remaining experiments where the slope was
steeper for one vaccine than for the other, although
not significantly so in any instance, it was more
frequently steeper for vaccine K than for vaccine L
in the tests on the 0 and Vi antibodies. It should,
however, be pointed out that the precision of the
estimates of the slopes is rather weak. Seventeen of
48 slopes could not be estimated because one of the
two points determining the regression line was found
to show either 100% or 0°% of the rabbits to have
detectable antibodies.

Discussion

The results of these investigations are rather
imprecise, mainly owing to the fact that only small
groups of animals were used in the assays. It had
been clear from the very beginning, however, that,
for reasons of economy or of inadequacy of their
animal quarters, many participants would have to
use fewer rabbits for these studies than the protocol
laid down. Added to this is the difficulty experienced
by some laboratories in finding rabbits with suffi-
ciently low pre-immunization titres. The fact that,
for the sake of simplicity in design, only two vaccine
doses were used necessarily meant that there was a
relatively low number of animal groups giving well-
defined average titres, and this also reduced the
amount of information that could be obtained.
That uniformity in the conduct of the experiments

which it had been hoped to achieve by providing a

detailed description of the procedure and by making
available identical batches of agglutination sus-
pensions and other reagents was not fully attained.
There are probably several reasons for this.

Agglutinin titration is a rather subjective procedure
for the quantitative analysis of antibodies. There
have previously been reports about similar attempts
to achieve uniformity of the Widal reaction on an
international scale (Gardner, 1936).1 Both the
studies cited proved that only poor agreement could
be reached between laboratories in different coun-
tries. The training of the persons reading the
agglutinations is too different in different parts of
the world to allow of any satisfactory degree of
uniformity. Furthermore, it is obvious from these
studies that there are wide discrepancies in the
antibody responses of animals in different labora-
tories and even within the animal population of a
single laboratory.
The two different analyses made of the results of

the present studies seem to support the assumption
that vaccine K is more potent in eliciting H antibody
production in rabbits initially (after one immuniza-
tion), whereas after four immunizations both
vaccines stimulate H antibody at a similar rate.
Vaccine L, on the other hand, appears to be more
potent in inducing 0 antibody formation after one
immunization.
With a single immunization one of two labora-

tories found vaccine K significantly better in
stimulating Vi antibody production than vaccine L,
but, again, Vi antibody formation seems to be of the
same order of magnitude for both vaccines after
four immunizations. Repeated immunizations tend
to equalize the antibody formation by antigens
that differ but little in antibody-producing effect.
The possibility cannot therefore be excluded that
a slight difference exists between vaccine K and
vaccine L with regard to Vi antibody production
in rabbits.
The above assumptions appear to justify attempt-

ing to relate the H antigen-or one or more hitherto
unknown antigens with similar properties to those of
the H-to the protective efficacy of vaccine K.
Furthermore, the study raises an interesting scientific
question with regard to the possible competition
between the H and 0 antigens in vaccines K and L
in antibody formation.

1 See also Proposed international standards for typhoid
and paratyphoid A and B agglutinating sera (unpublished
working document WHO/BS/346).
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PASSIVE PROTECTION TESTS

A number of passive mouse protection tests were
carried out with pooled sera prepared by immunizing
rabbits with the field-trial typhoid vaccines (K and
L). An indication of the approximate contents of
the different agglutinins in such sera has been given
above. Three laboratories performed small series of
passive mouse protection tests using the Ty 2 strain
for challenge; one laboratory performed five tests
using the Vi-negative T 5501 strain for challenge;
and two laboratories studied the protective effect of
sera from vaccine K and vaccine L by means of
embryonated eggs. For all these types of tests, two
to six separate assays were performed in each
laboratory. Finally, one laboratory used the
bacteraemia test, in which the protective effect of sera
collected after vaccination with vaccines K and L
was assessed by taking the clearance of bacteria
from the blood of mice infected with Salm. typhi as a
measure of the immune response.

Design of experiments

Type E assay. This designates the passive pro-
tection test in which the Vi-negative strain, T 5501,
was used as a challenge with a semi-fluid thio-
glycollate-agar medium as a virulence-enhancing

ED,, VALUES FOR IMMUNE SERA

addition. The details of the performance of the test
are described by Fisek, Goren & Akyay (1959).

Type F assay. This refers to the passive mouse
protection test using Ty 2 for challenge. The
uniformity of the tests in the three laboratories
performing it was not very great. Laboratories 113
and 213 used sera obtained after immunization with
vaccines K and L in doses of 4 x 50 million and
4 x 0.5 million organisms. Laboratory 20 used only
the highest dose and it was therefore not possible
to estimate the relative potency of the vaccines for
this laboratory. Laboratory 113 used a 6-hour agar
culture suspended in saline for the intraperitoneal
challenge; Laboratory 213 used an 18-hour agar
culture suspended in mucin, and Laboratory 20
used an 18-hour culture suspended in 0.2% agar.
Laboratory 113 injected the sera intraperitoneally
four hours before challenge, Laboratory 213 sub-
cutaneously 18 hours before challenge, and Labora-
tory 20 intraperitoneally in a 0.5-ml volume one
hour before challenge. The dose range of the sera
was between 0.000025 ml and 0.25 ml, with some
variations in the different laboratories.

TypeH assay. This refers to the passive protection
test using embryonated eggs. It was recommended
that the experience of Grabar & Le Minor (1951,
1953, 1955) be used as a basis for the test; however,

3LE 21

FROM VACCINES K AND L FROM RESULTS IN EACH LABORATORY
IN TYPES E, F AND H ASSAYS

Serum of vaccine L

ED6o 95 % conf. limits
(ml) (ml)

38

0.021-0.18 0.25 0.060-1.00

i.0024-0.027 0.0019 0.00054-0.0066

)0013-0.0010 0.0013 0.00046-0.0034

0.016-0.11 0.012 0.0050-0.031

0.083-0.23 0.65 0.21-2.0

a Each assay originally included different doses of vaccine and immune serum. ED6. values of immune serum were computed
for each vaccine dose. Each set of data from which one estimate of serum ED1. was computed is counted as a separate experiment.

b The confidence limits are not computable by the usual formula. The reliability of the ED,0 values is extremely low.
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it was suggested that a constant challenge dose and
varying serum doses be used as a further develop-
ment of the test. The laboratories were not asked to
and did not use sera from different vaccine doses
for their studies, and it is therefore not possible to
compute a vaccine potency from these assays. Only
the efficacy of the sera obtained after vaccination of
rabbits with 4 x 50 million organisms can be stated.
The usual range of serum dilutions was from 1/10
to 1/1000. Diluted sera were mixed with 200-2000
living Salm. typhi about half-an-hour before injection
into the chorioallantoic membrane.

Results
Table 21 shows the ED50 for vaccine K and

vaccine L sera, expressed in terms of ml of serum

injected. On the basis of these figures the relative
efficacy of the immune serum derived from vaccine K
in terms of the immune serum from vaccine L has
been set out in Table 22. It should be emphasized
that the estimates in Table 22 do not give information
on the relative potency of the vaccines, as the com-

bined results set out there relate only to those parts
of the experiments that describe the response in
terms of the dilution of a serum.

The combined efficacy for the type E assay shows
the serum derived from vaccine K to be superior,
but the precision of the experiment was so low that

TABLE 22
RELATIVE EFFICACY OF IMMUNE SERUM FROM VACCINE K
TO IMMUNE SERUM FROM VACCINE L IN TYPES E, F AND H

ASSAYS

Assay Labora- [No. of Coin-
type tory experi- bined 95 % conf. limits

mnsa efficacy

E 11 4 76 _b

113 4 3.8* 1.0-14

F 213 2 0.16* 0.03-0.99

20 4 3.5 0.85-14

H 5 5 0.33 0.09-1.22

7 6 5.4* 2.5-12

a Each assay originally included different doses of vaccine
and immune serum. The potency of vaccine was computed
separately for each serum dose. Each set of data from which
one estimate of vaccine potency was computed is counted as a
separate experiment.

b The confidence limits are not computable by the usual
formula. The reliability of the efficacy value is extremely low.

* Relative efficacy significantly different from unity at
5 % level.

TABLE 23
RELATIVE POTENCY OF VACCINE K TO VACCINE L
ESTIMATED FROM THE CONSOLIDATED RESULTS FROM

EACH LABORATORY IN TYPES E AND F ASSAYS

Assay Labora- No. of Corn-
type tory mexperi- bined 95 % conf. limitsE tory 10.6ments a potency

1I1 17 0. * 0.03-0.95

F
113

213

8

3

3.8

0.003

0.27-54

0.000-3.4

a Each assay originally included different doses of vaccine
and immune serum. The potency of vaccine was computed
separately for each serum dose. Each set of data from which
one estimate of vaccine potency was computed is counted as
a separate experiment.

* Relative potency significantly different from unity at
5 % level.

it has not been possible to compute any meaningful
95% confidence limits, and the efficacy shown is in
sharp contrast to the true vaccine potency estimated
from the same experiments and shown in Table 23
(see below).
Of the three laboratories estimating the relative

efficacy of the two types of sera by the type F assay,
one found the serum of vaccine K to be significantly
more effective than that of vaccine L, another
arrived at the opposite conclusion, and the results
from the third were inconclusive.
The type H assay yielded one serum efficacy

estimate showing the vaccine K serum to be signifi-
cantly the better, and one showing the vaccine L
serum to be the better, although not significantly so.
Table 23 presents the results in the type E and F

assays for which it has been possible to calculate a
consolidated estimate of the relative potency of
vaccine K in terms of vaccine L, which was arbitrarily
assigned a potency equal to unity. The passive
protection test in which the Vi-negative strain,
T 5501, was used for challenge (type E assay)
indicates a significant inferiority of vaccine K.
The type F assay (Ty 2 challenge) gave no statistically
significant results and laboratories 113 and 213
arrived at widely discrepant potency estimates.
These discrepancies may be attributable to the
difference previously mentioned with regard to the
design of the experiments in the two laboratories.
The records in the bacteraemia test in mice have

been left out of consideration because only a single
experiment was carried out in one laboratory.
No definite conclusion could be drawn from these
scanty results.
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II1. STUDY OF THE CHALLENGE CULTURES USED IN THE PROTECTION TESTS

During the study of the field-trial vaccines by
means of the animal protection tests described
above, many laboratories simultaneously performed
control toxicity tests on the challenge cultures used.
It was recommended that these control experiments
be carried out as LD50 determinations of the
challenge cultures. These experiments were meant
to make it possible to trace some of the variations in
the conditions of the protection tests which might
prove unusual. However, it is felt that the LD50
determinations accumulated during these studies also
afford a unique opportunity to analyse variations
in the virulence or pathogenicity of the same strains
of Salm. typhi when applied in many different
animal breeds all over the world.
The LD50 studies are of minor significance in

relation to the estimation of the relative potencies of
the vaccines because there is no good reason at
present to assume a correlation between the sus-
ceptibility of the animals to the challenge strains and
the degree of resistance afforded them by immuno-
logical measures.
One obstacle was encountered when trying to

establish the uniformity of the results from different
laboratories. Many laboratories expressed the
challenge suspensions used for the protection tests in
terms of opacity units, as, indeed, they had been
asked to do when the studies were initiated. Only
later was it realized that a suspension of typhoid
bacilli would not be univocally defined in terms of
the International Opacity Reference Preparation
when different photometers were used. The possible
errors later shown to be involved in turbidimetry
with different instruments (Spaun, 1962) should,
however, have no influence on the outcome of
immunological assays performed within one labora-
tory so long as the same culture is applied in the
same conditions. The use of opacity determination
as an equivalent of density of challenge culture was
recommended to facilitate the work of the labora-
tories and avoid the more troublesome and expensive
enumeration by viable counts or other absolute
measures.

In order to have uniform unitage for the doses of
living suspension used for the LD50 determinations
in different laboratories it was decided to take a one-
opacity-unit suspension of Salm. typhi in saline as
being equal to 108 organisms per ml. This, of
course, implies the assumption that the variation in

LD50s between laboratories includes a variation
arising from different statements of densities of
bacterial cultures measured in opacity units. Such a
variation might well give rise to an error of 20 %-30%
or possibly even more when different instruments are
used in different laboratories.

DESIGN OF EXPERIMENTS

The LD50 determinations were usually arranged
in such a manner that about five different groups of
some 10 animals each were inoculated with fivefold
to tenfold serial dilutions of the living Salm. typhi
culture. The number of animals surviving on the
third day was recorded and used as the response
metameter. The Salm. typhi strains Ty 2, T 5501,
V 58 and 63 were investigated, the Ty 2, however,
in far the greatest number of tests. Several different
subcultures of the Ty 2 originating from various
sources were used; where the requisite information
allows, these are designated in the following tables
with separate code letters or figures in parentheses
after the symbol Ty 2. The designations Ty 2 (C)
and Ty 2 (D) stand for the cultures used in the
preparation of vaccines K and L respectively.
Mice and, in a few instances, embryonated eggs

were used as the experimental material. In mice the
intraperitoneal route of infection was generally
chosen; only one laboratory resorting to intra-
cerebral inoculation of mice gave usable results.
In some of the mouse experiments different additives
were used for enhancing the virulence of patho-
genicity of Salm. typhi-mucin, agar, and digest of
casein, for instance. The embryonated eggs were
inoculated in the allantoic cavity.

STATISTICAL ANALYSIS

The 172 LD50 tests in this study were analysed by
the probit regression method. The value of the
LD50 of the challenge suspension and the slope
coefficients of the dose-response regression lines
were computed, as well as their variance and the
95% confidence limits for each test separately.

RESULTS

The LD50 for saline suspensions of Ty 2 was
12.2 million organisms with confidence limits of
6.5 million and 22.7 million. This estimate is based
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on results from 12 laboratories with various sub-
strains of Ty 2.
Combined estimates of LD50 values were worked

out for each laboratory, separately for experiments
performed under the same conditions with respect
to any addition to the challenge, the route of
injection used, and the strain used. The results
are set out in Table 24 for strain Ty 2, Table 25 for
strain T 5501, and Table 26 for strains V 58 and 63.
The LD50 value varied considerably from one

laboratory to another. The variation was in-
fluenced by varying experimental conditions and it
was, of course, not possible to base a valid assess-

ment of the within-laboratory variance upon the
results of experiments performed under very different
conditions. However, tests with strain Ty 2 by
intraperitoneal injection of the challenge suspension

in saline were performed in 12 laboratories, and the
results of these tests were chosen for studying the
within- and between-laboratory variances, which
were computed as indicated earlier for the potency
and ED50 studies (see pages 768-770). The results
are shown in Table 27; the within-laboratory
variances shown in the last column of this table
were worked out for 50 animals per assay, since this
was roughly the average number of animals used in
each assay. The between-laboratory variance is
large, amounting to more than 10 times the median
within-laboratory variance. The between-laboratory
variance suggests the influence of experimental
animals of different breeds as well as of differences
in other experimental conditions between the labora-
tories concerned. In this connexion the previously
emphasized uncertainty with regard to the uniformity

TABLE 24
CONSOLIDATED LD,0 VALUES OF SALM. TYPHI FROM EACH LABORATORY

FOR EXPERIMENTS PERFORMED WITH STRAIN Ty 2

Laboratory Suspension No. of Challenge LD6, (106 95 % conf. limitsin experiments strain organisms) (106 organisms)

Intraperitoneal infection in mice

1 Saline 12 Ty 2 5.70 3.85-8.44

2 5 Ty 2 77.7 45.1-134

3 ,, 2 Ty 2 (C) 1.52 1.15-2.02

8 Ty 2 30.4 21.4-43.3
5 24 Ty 2 (BZ) 11.3 10.0-12.9

10 Ty 2 (BZ) 12.6 10.7-14.7

7 9 Ty 2 (C) 11.4 9.2-14.1

12 ,, 2 Ty 2 (D) 17.4 10.7-28.3

113 ,, 15 Ty 2 (C) 2.07 1.49-2.87

14 ,, 8 Ty 2 38.7 32.8-45.5

15 3 Ty 2 (C) 6.86 4.78-9.86

17 4 Ty 2 30.9 18.1-52.7

18 2 Ty 2 35.4 25.6-49.0

19 3 Ty 2 (D) 3.63 2.42-5.47

20 ,, 16 Ty 2 (1203) 31.4 23.4-41.9

15 Mucin 11 Ty 2 0.937 a 0.462 a-1.90 a

20 Agar 3 Ty 2 (1203) 0.0851 0.0450-0.161

Intracerebral infection in mice

17 Casein digest 4 Ty 2 519 a 301 ag95 a

Intra-allantoic infection in embryonated egg

7 Saline 6 Ty 2 10.9 a 5.9a20.3 a

a These figures not to be multiplied by 106.
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TABLE 25
CONSOLIDATED LD,o VALUES OF SALM. TYPHI FROM EACH LABORATORY FOR INTRAPERITONEAL INFECTION

EXPERIMENTS IN MICE WITH STRAIN T 5501

Suspension No. of ChallengeLaboratory in experiments strain

1 Saline I T 5501

1 Mucin 1 T 5501

2 Mucin 8 T 5501

17 Mucin 4 T 5501

7 Agar 2 T 5501

11 Thioglycollate 7 T 5501

LD,o
(106 organisms)

12.5

0.52

0.04

1.34

0.0387

14.0
I_

95 % conf. limits
(106 organisms)

0.26-0.84

0.01-0.16

0.84-2.16

0.0143-0.105

11.0-19.4

TABLE 26
CONSOLIDATED LD,, VALUES OF SALM. TYPHI FROM EACH LABORATORY

FOR INTRAPERITONEAL INFECTION EXPERIMENTS IN MICE WITH STRAINS V 58 AND 63

Suspension No. of Challenge LD50 95 0 conf. limitsLaboratory in experiments strain (organisms) (organisms)

21

Mucin

Mucin

3

2

V58

63

1.82

5.34

0.29-11.5

2.74-10.4

TABLE 27
WITHIN- AND BETWEEN-LABORATORY VARIANCES

OF LOG LD,, OF CHALLENGE a

Variance Within-
Laboratory No. of No. of of laboratoryassays animals combined variance per

estimate 50 animals

1 12 700 0.0076 0.11

2 5 160 0.015 0.047

3 2 100 0.0038 0.0077

5 8 320 0.0061 0.039

7 9 402 0.0023 0.018

12 2 52 0.012 0.012

113 15 1 152 0.0053 0.12

14 8 384 0.0013 0.010

15 3 150 0.0064 0.019

17 4 196 0.014 0.055

18 2 246 0.0052 0.025

19 3 269 0.0082 0.044

Average 6.1 344 0.0062 b 0.032 b

Between-
laboratory
variance 0.40

a Challenge strain = Ty 2. Suspension = saline.
Challenge route = intraperitoneal.

b Median.

of dosage of challenge cultures when opacity units
are used should also be recalled. The actual variation
in the magnitude of the LD50 for Ty 2 appears from
Table 24.

Attempts were made to see whether any relation-
ship between LD50 and various experimental con-
ditions could be detected, although, as mentioned
above, the experiments were not planned for this
purpose. In most cases tests in each laboratory were
performed either under the same conditions, and
thus different factors could not be compared, or
under different conditions involving several factors,
and thus isolation of any particular factor was
difficult. Nevertheless the results of the statistical
analysis may be briefly summarized.
The addition of mucin or agar lowered the LD56

value. In experiments with strain Ty 2 the effect of
supplementing with mucin was to reduce the LD50
by a factor roughly of the order of 106, while in
experiments with strain T 5501 the addition of
mucin decreased the LD50 less (see Table 25). The
effect of agar was a decrease in the LD50 of the order
of 500 for strain Ty 2. No effect on the LD50 was
noticed when thioglycollate was added to strain
strain T 5501 (see Table 25).
The intracerebral challenge used with Ty 2 gave

a considerably lower LD50 than was seen in experi-
ments using the intraperitoneal challenge.
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SLOPE COEFFICIENT OF THE LD,0 DOSE-

Control Strain

to assay

B Ty 2 !S'.

All laboratories

C Ty 2 Si

All laboratories

D

E

F

G

H (egg)

N

TABLE 28
RESPONSE REGRESSION LINE,a ESTIMATED FOR CHALLENGE LD60 EXPERIMENTS

Combined Standard
Addition Laboratory No. of tests estimate of error of

slope coefficient slope coefficient

1 2 1.79 0.28
2 5 2.33 0.79

3 2 2.38 0.44
5 4 1.92 0.33
7 6 1.40 0.15

12 2 2.00 0.58
aline 113 8 1.17 0.13

14 5 1.62 0.21
15 3 1.82 0.27
17 4 2.88 0.27
18 2 1.36 0.15

19 3 1.31 0.20
20 8 2.10 0.22

54 1.74 0.12

aline 1 5 1.61 0.19
5 32 1.90 0.11

Saline
Mucin J

Mucin
T 5501 Agar

Thioglycollate
Mucin

All laboratories

T 5501 Thioglycollate

Ty 2 Saline

All laboratories

Ty 2 Casein digest

Ty 2 Saline

Ty 2 Saline
Ty 2 Saline

All laboratories

V 58 Mucin
63 Mucin

Ty 2 Mucin

All laboratories

2
7

11
17

11

113
20

37 1.83 0.09

2 1.58 0.25
8 0.83 0.03
2 1.16 0.29
3 1.89 0.35
4 0.86 0.12

19 0.94 0.07

4 0.42 0.26

2 1.88 0.30
3 1.12 0.26

5 1.45 0.20

4 0.87 0.12

6 0.89 0.13

4 2.13 0.29
3 1.89 0.36

7 2.03 0.22

3 0.45 0.10
2 1.27 0.31
10 0.53 0.08

1 5 0.68 0.26

5 1.74 0.18
3 2.81 0.57
5 1.23 0.10
8 1.83 0.37

17

7

5
14

21
15

1.77 0.32

a Abscissa = log dilution of challenge culture; ordinate = probit death-rate.
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A significant difference between the results
obtained with two different subcultures of strain Ty 2
was demonstrated in Laboratory 5 (Table 24).
A strict comparison of the influence of the age of

the culture was possible for data obtained in Labora-
tories 1 and 20 in which 6-hour and 18-hour cultures
were used. No statistical significance was revealed
in the difference in LD50.
A comparison of the influence of the medium used

for the culture of the strains was possible for the
results obtained from Laboratory 1, but no signifi-
cant difference was detected in the LD50s. The
numerical evidence will not be found in the tables.

In Laboratory 7 two different strains of mice were
used for the LD50 tests. The difference observed
in the LD50s was not statistically significant.

STUDY OF SLOPE OF REGRESSION LINE FOR LD50 TEST

Unlike the LD50 estimates, the slope of the probit
regression line describing the LD50 experiment is not
influenced by variation in the absolute dosage of a
culture due to variation in opacity determinations.
When the doses are expressed in dilution steps, they
are independent of the numerical value assigned by
any laboratory, and the slopes should therefore be
strictly comparable from laboratory to laboratory,
and between different modes of administration.
The reciprocal value of the slope gives, inter alia,
an indication of the variation in the sensitivity of the
animals used for the Salm. typhi infection. It was
consequently found of interest to estimate the varia-
tion in the sensitivity of the animals in the different
laboratories when animals of different breeds were
used. Regression lines were fitted to the dose-
response data plotted on probit log paper.
Combined estimates of the slope coefficient com-

puted for each laboratory separately for the LD50
experiments performed simultaneously with the
immunological assays are presented in Table 28.
The slope coefficient did not show heterogeneous
variation within laboratories except in two cases-
namely, in Laboratory 2 and Laboratory 113, both
in the type B assay. The between-assay variance in
these two cases was 2.17 and 0.06 respectively.
Within- and between-laboratory variances of the
slope coefficients are presented in Table 29 for
LD50 experiments performed simultaneously with
the active protection assays of types B, C, N and P.
These assays were accompanied by the most numer-
ous and most homogeneous LD50 experiments. The
between-laboratory variance was estimated accord-

TABLE 29
WITHIN- AND BETWEEN-LABORATORY VARIANCES
OF SLOPE COEFFICIENT FOR CHALLENGE LD,o

EXPERIMENTS CONDUCTED SIMULTANEOUSLY WITH
TYPES B, C, N AND P ASSAYS

Control
to Laboratory

assay

B

P

Within-
laboratory
variance

0.081

0.63

0.20

0.11

0.024

0.33

0.016

0.045

0.072

0.075

0.022

0.038

0.047

Between-laboratory
variance

0.11

0.034
(Not significant)

0.011

0.011

0.099 0.17

0.0061

0.034

0.32

0.0097 0.31

0.14

ing to the formula given by Bliss (1952). A con-
siderable between-laboratory variance was demon-
strated which is significant in three out of the four
assay types. The analyses suggest that mice in
different laboratories show a difference in their
sensitivity to infection with Salm. typhi.
The slope coefficient was studied in relation to

varying experimental conditions, but the isolation
of different factors was difficult because very fre-
quently more than one factor varied from experi-
ment to experiment.

It is clear that whenever mucin or agar is added to
the challenge suspension the slope of the LD50
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FIG. I
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FIG. 3
RELATIONSHIP BETWEEN EDso OF VACCINE K AND LD.. OF CHALLENGE STRAIN

IN TYPE N ASSAY
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regression line is considerably decreased. This factor
could be strictly isolated only from two experiments
performed by Laboratory I with strain T 5501.
The slope coefficients computed from these results,
however, show a reverse influence of mucin, a con-
siderably steeper slope being shown for mucin than
for saline suspension. This may be ascribable to pure
chance as it is based on two experiments only. A
similar study was also made for the results of Labora-
tories 2, 7, 15, 17 and 20, the influence of other factors
being regarded as negligible for the purpose of this
analysis. From these results it can be concluded

that the slope coefficients generally decrease when
mucin or agar is added to the challenge suspension.
The addition of thioglycollate to strain T 5501 did
not influence the slope coefficient.

Finally the relation was studied between the
ED50 value for vaccine K computed from each
protection test and the LD50 value computed from
the corresponding control test of the challenge
culture. A separate graph was prepared for each of
the protection assays B, C, N and P. It is clear from
these graphs (Fig. 1-4) that no correlation exists
between the two quantities.

RISUMt

Les vaccins antitypholdiques proposes comme Pr6pa-
rations intemationales de Ref6rence ont ete utilises
durant la periode 1960-62 dans des campagnes de vacci-
nation en Guyane britannique et en Yougoslavie, et ont
et;e soumis, dans le meme temp3, a un essai collectif
d'activite visant A mettre au point une epreuve de labo-
ratoire donnant des resultats du meme ordre que ceux
obtenus sur le terrain. II s'agissait en fait d'elaborer un
test sur l'animal d'experience qui permettrait de pr6dire
l'activite du vaccin chez l'homme. Vingt laboratoires de
12 pays, utilisant 14 types d'epreuves, ont participe A
1'essai collectif international, qui a port6 sur deux
souches principales: vaccin inactive par l'acetone (K)
et vaccin inactive par la chaleur et le phenol (L).
Dans l'immunization du lapin, le vaccin K a provoque

une plus forte production d'anticorps H, tandis que le
vaccin L se revelait plus actif dans la production d'anti-
corps 0, du moins en une seule dose. Les differences
s'attenuaient lorsque l'on administrait plusieurs doses de
vaccin.

Certains laboratoires ont procede a des essais de pro-
tection passive par serum de lapin immunise, sur la souris
ou les ceufs embryonnes. Aucun rapport n'a pu etre etabli
entre les r6sultats de ce type de test et ceux de la pratique.

Selon le test de protection active, utilisant la souche
T 5501 de bacille typhoidique d6pourvu d'antigene Vi, les
deux vaccins etaient de meme activite.
Un test de negativation de la bact6ri6mie apres inocula-

tion intraperiton6ale d'epreuve a et applique, qui n'a
pas accuse de diff6rence avec les resultats observes sur le
terrain. I1 en fut de meme d'un test dans lequel l'inocu-
lation d'epreuve a 6te faite par voie intracerebrale.

Les recherches ont porte surtout sur le test classique de
protection active, utilisant une ou deux inoculations
immunisantes, par voie soit intraperitoneale soit sous-
cutanee, suivie d'une inoculation intraperitoneale
d'epreuve par la souche Ty 2. Les tests comportant deux
inoculations sous-cutanees immunisantes permirent de
conclure a 1'egalite des deux vaccins. Selon les resultats
de ceux qui n'en comportaient qu'une, le vaccin K etait
plus actif que le vaccin L, surtout lorsque les vaccinations
etaient effectuees par voie intraperitoneale.
D'une fa$on generale, aucun des tests sur I'animal ne

donna des r6sultats identiques 'a ceux que l'on observa
dans les campagnes de vaccination. Certains d'entre eux
cependant laissent esperer que l'on y parviendra, a la
suite de nouvelles recherches.

REFERENCES

Bliss, C. 1. (1952) The statistics of bioassay with special
reference to the vitamins, New York, Academic Press,
pp. 580-582

Cvjetanovic, B. (1957) Amer. J. publ. Hlth, 47, 578-81
Division of Immunology, Walter Reed Army Institute

of Research (1964) Bull. Wld Hlth Org., 30, 635-646
Finney, D. J. (1952) Probit analysis, 2nd ed., Cambridge,

University Press
Fisek, N. H., Goren, S. & Akyay, N. (1959) Bull. Wld

Hlth Org., 20, 1257-1259

Gardner, A. D. (1936) J. Hyg. (Lond.), 37, 124
Grabar, J. & Le Minor, S. (1951) Ann. Inst. Pasteur, 81,

528
Grabar, J. & Le Minor, S. (1953) Ann. Inst. Pasteur, 85,
239

Grabar, J. & Le Minor, S. (1955) Ann. Inst. Pasteur, 88,
601-617

Heymann, G. & Jandl, G. (1960) Z. Immun.-Forsch.,
119, 279-294, 367-401

Landy, M. & Lamb, E. (1953) Proc. Soc. exp. Biol.
(N.Y.), 82, 593-598



790 J. SPAUN & K. UEMURA

Landy, M., Gaines, S. & Sprinz, H. (1957) Brit. J. exp.
Path., 38, 15, 25

Lipp, R. & Ihm, P. (1958) Z. Hyg. Infekt.-Kr., 145,
14-25

Spaun, J. (1956) Acta path. microbiol. scand., 39, 469-
480

Spaun, J. (1962) Bull. Wld Hlth Org., 26, 219-225
Spaun, J. (1964) Bull. Wld Hlth Org., 31, 793-798
Spaun, J. & Bentzon, M. W. (1957) Acta path. microbiol.

scand., 41, 327-341
Standfast, A. F. B. (1960a) Bull. Wld Hlth Org., 23,

37-45
Standfast, A. F. B. (1960b) Bull. Wld Hlth Org., 23,
47-52

Typhoid Panel, UK Department of Technical Co-
operation (1964) Bull. Wld Hlth Org., 30, 631-634

World Health Organization, Expert Committee on
Biological Standardization (1960) Wld Hlth Org.
techn. Rep. Ser., 187, 15

World Health Organization, Expert Committee on
Biological Standardization (1963) Wld Hlth Org.
techn. Rep. Ser., 259, 17

Yugoslav Typhoid Commission (1957) Bull. Wld Hlth
Org., 16, 897-910

Yugoslav Typhoid Commission (1962) Bull. WId Hlth
Org., 26, 357-369

Yugoslav Typhoid Commission (1964) Bull. Wld Hlta
Org., 30, 623-630

Annex

PARTICIPANTS IN THE COLLABORATIVE STUDIES ON TYPHOID VACCINES K AND L

BRAZIL

Dr G. A. Costa
Instituto Oswaldo Cruz
Rio de Janeiro

CANADA

Dr L. Greenberg
Laboratory of Hygiene
Department of National Health and Welfare
Ottawa

CZECHOSLOVAKIA

Dr J. Karolcek
Institute of Epidemiology and Microbiology
Bratislava

Professor K. Raska
Institute of Epidemiology and Microbiology
Prague

FEDERAL REPUBLIC OF GERMANY

Professor G. Heymann
Paul-Ehrlich-Institut
Frankfurt-am-Main

HUNGARY

Dr I. Joo
Vaccine Department
" Human " Serum and Vaccine Institute
Budapest

HUNGARY (continued)
Professor K. Rauss
Institute of Microbiology
University Medical School
Pecs

INDIA

Dr A. K. Banerjee
Department of Pathology and Bacteriology
Institute of Postgraduate Medical Education and

Research
Calcutta

Dr M. K. Habbu
Haffkine Institute
Bombay

ITALY

Professor G. D'Alessandro
Institute of Hygiene and Microbiology
Palermo

TURKEY
Dr N. H. Fisek
School of Public Health
Ankara

UNION OF SOVIET SOCIALIST REPUBLICS

Dr L. B. Hejfec
Mecnikov Institute of Vaccines and Sera
Moscow



ASSAY OF INTERNATIONAL REFERENCE PREPARATIONS OF TYPHOID VACCINE

UNION OF SOVIET SOCIALIST REPUBLICS (continued)
Dr E. N. Melikova
Tarasevic State Control Institute for Medical and

Biological Preparations

UNITED KINGDOM OF GREAT BRITAIN AND NORTHERN
IRELAND
Dr E. S. Anderson
Central Public Health Laboratory
Colindale
London
Dr A. F. B. Standfast
Lister Institute of Preventive Medicine
Elstree, Herts.

Dr J. Ungar
Glaxo Laboratories Ltd.
Greenford, Middlesex

UNITED STATES OF AMERICA

Dr A. S. Benenson
Walter Reed Army Institute of Research
Washington, D.C.

Dr G. Edsall
Institute of Laboratories
Boston, Mass.
Dr Margaret Pittman
Division of Biologics Standards
National Institutes of Health
Bethesda, Md.

YUGOSLAVIA

Dr D. Ikic
Institute of Immunology
Zagreb

791


