
Bull. Org. mond. Sante 1 1971, 44, 673-687Bull. Wid Hlth Org.

International Collaborative Studies
on the Pertussis Vaccine Potency Assay
Part Played by the Challenge in the Mouse-Protection Test *

R. MURATA,' F. T. PERKINS,2 M. PITTMAN,3 I. SCHEIBEL4 & K. SLADKVi-5

Because of wide variations in the methods used to assay the potency ofpertussis vaccine,
the effect of the type of challenge used in the mouse-protection test was studied. Eight
laboratories took part in a collaborative investigation and the potencies of 4 pairs of
vaccines were estimated. Two methods were used, a "local method " using local strains
and procedures for challenge, and a " study method" using a distributed strain and a
specified procedure. For both methods the challenge level (mouse LD50) and the number
of colony-forming units per challenge dose varied greatly between laboratories.

The results of the collaborative assay show that the use of a common challeng e,
Bordetella pertussis strain 18-323, and a uniform method for preparing the challenge did
not reduce the heterogeneity of the results. Other factors influencing the results ofpotency
assays, such as the use of different strains of mice and the effect of levels of challenge,
have still to be investigated.

At a meeting on international requirements for
biological substances held in Geneva from 6-11 May
1968, dealing with problems in the laboratory
assessment of certain vaccines, a work plan was
prepared for investigating the methods used for the
biological assay and testing of pertussis vaccines.
This paper records the progress that has been made
towards the completion of these investigations and
gives details of the studies made on the part played
by the challenge on the results of the mouse-protec-

* This Report was adopted by a Meeting of Investigators
in a Collaborative Study on Laboratory Control of Biological
Substances held in Geneva on 8-15 December 1969. The
participants of this Meeting are listed above. In addition,
Dr S. S. Vrancheva, Chief, Laboratory for Control and
Standardization of Bioproducts, Research Institute of Epi-
demiology and Microbiology, Sofia, Bulgaria, and Dr V.
Vysoka-Burianova, Chief, National Reference Laboratory
for Whooping Cough and Diphtheria, Institute of Epidemio-
logy and Microbiology, Prague 10, Czechoslovakia, were
present as Consultants. Dr A. S. Outschoorn, World Health
Organization, Geneva, acted as Secretary.

The data on which this paper is based were collated, and
the paper was largely prepared, by Dr F. Sheffield, National
Institute for Medical Research, Holly Hill, London N.W.3.,
England. The part played in the preparation of the paper
by Dr J. D. van Ramshorst, Head, Laboratory of Biological
Standardization, Rijks Instituut voor de Volksgezondheid,
Sterrenbos 1, Utrecht, Netherlands, is also acknowledged.

The plan of the comparative potency assays was designed

tion test of potency. It also describes a number of
extensions of the work that became desirable as
the investigation progressed.

Eight laboratories agreed to take part in the
investigation, the names of which are given in the
Annex at the end of this article. The order of listing
of the names does not correspond to the order of
numbers by which they are referred to in the report.
In this paper these 8 laboratories are referred to as
the " participating laboratories " and of these the

by Miss Marjorie Mussett, Statistical Services Section,
National Institute for Medical Research, Mill Hill, London
N.W.7., England who, with Mr Ian Berryman, also of the
Statistical Services Section, analysed the results.

The participating laboratories are listed in the Annex on
page 686.

1 Chief, 2nd Department of Bacteriology, National Insti-
tute of Health, 10-35 Kamiosaki 2-Chome Shinagawaku,
Tokyo, Japan.

2Head, Division of Immunological Products Control,
National Institute for Medical Research (Hampstead Labora-
tories), Holly Hill, London N.W.3., England.

'Chief, Laboratory of Bacterial Products, Division of
Biologics Standards, National Institutes of Health, Bethesda,
Md. 20014, USA.

' Head, Serum and Toxoid Department, Statens Serum-
institut, Amager Boulevard 80, Copenhagen S, Denmark.

6 State Institute for Control of Drugs, Srobarova 48
Prague 10, Czechoslovakia.
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laboratory in London, which was assigned the Typing of Bordetella pertussis challenge strains
responsibility of arranging the study, is referred to
as the " co-ordinating laboratory ".The antigenic make-up of the various challenge

strains used by the participating laboratories and of
the distributed challenge strain was investigated in

STUDY OF THE CHALLENGE STRAINS the co-ordinating laboratory by the following pro-
cedure. Freeze-dried cultures of the challenge sub-
strain of B. pertussis used in the pertussis vaccine

The questionnaire potency assays were requested from each participat-
ing laboratory. The cultures were seeded on to

In order to investigate the differences between the she bood B ag pltes adro te initi
challenge strains and their use in the various labora- ctes, sbcultur wereprepard in she anway

tores,a uesionaie ws sntto achpaticpatng cultures, subcultures were prepared in such a waytories, a questionnaire was sent to each participating that 20 separate colonies could be picked off and
laboratory requesting details of the challenge strain subcultured on further plates of the same medium.

anrdeofthellaertusswayineparwhichenthele pentssion From each of these further subcultures, suspensionsBordetella pertussis was prepared when the pertussis of oraim weepeae npopaebfeep ~~~~~~~~~oforganisms were prepared in phosphate bufferedvaccine potency assay was routinely performed. The
answers to the questionnaire are presented in a

sln n h eoye ,2ad3o h raim

aondenswer torminTatleThequestionnaire arepresepresent were determined by the slide-agglutination
condensed form,wint Tabe 1.ceptio,the qstionatire method of Preston (1963). A suspension containingrevealed that, with one exception, the participating aprxmtl 5000 ilon rgissIws

wokes er sigtris deie fro th approximately S0 000 million organisms/ml wasworkers were using strains derived from the mie wihaloflo aho h oo
B. pertussis strain 18-323 for challenge. Although,

ie ihaloflo aho h ooB. pertussis strain 18-323 for challenge. specific sera on a glass slide, rocked gently forin general, the method of preparing and using the 5 mm and observed for degree of agglutination. The
challenge was similar in all 8 laboratories, there were sera used for this purpose were anti-i, anti-2 and
numerous local modifications. anti-3 sera normally used in the co-ordinating labora-

tory.
Preparation of a stock of freeze-dried B. pertussis The challenge strains used by each participating

suitable as a challenge strain to be used in all laboratory are listed in Table 1 and the results of the
participating laboratories serotyping are shown in detail in Table 2. It was

evident that the distributed strain was homogeneous
Two ampoules of B. pertiussis strain 18-323 in respect of its antigens 1, 2 and 3. Inspection of

(labelled 18-323 L6d) (Eldering et aln,1967) were these results, however, leaves no doubt that there are
obtained from Dr Pearl Kendrick, Grand Rapids, considerable differences between the sub-strains in
Mich., USA. In the co-ordinating laboratory use in the different laboratories.
1 ampoule was opened and the organisms were
seeded on to sheep blood Bordet-Gengou (BG)
medium. After 4 days' incubation at 350C the COMPARISON OF METHODS USING THE LOCAL
growth was subcultured on to media of the same STRAINS AND THE DISTRIBUTED STRAIN FOR
type and grown similarly for a further period. From THE POTENCY ASSAY OF PERTUSSIS VACCINES
these subcultures, suspensions were prepared and
used to seed Cohen & Wheeler (1946) medium in The vaccines
Roux flasks. These cultures were incubated at 35°C
and harvested after 3 days. The harvested organ- The vaccines for use in the potency assays were
isms were suspended in phosphate buffered saline provided by the co-ordinating laboratory. They
(Dulbecco & Vogt, 1954) and the resulting suspension consisted of a freeze-dried reference vaccine and
was mixed with an equal volume of 20% w/v 4 test vaccines.
skimmed milk. The suspension was distributed into The reference vaccine was made from a B. pertussis
ampoules in 1.0-ml volumes and dried from the strain obtained from a clone of serotypes 1, 2, and 3.
frozen state. The ampoules were then filled with dry It was stabilized with dextran. The mean wet weight
nitrogen and sealed. These ampoules were desig- of the contents of 51 ampoules before freeze-drying
nated 18-323 L6d H2 and appropriate tests were was 1.031 g with a range of 1.022-1.043 g. The
performed to ascertain that the dried organisms mean dry weight was 111.20 mg ± 1 %. The freeze-
were viable. dried reference vaccine was designated Pert./Vac. and
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stated to contain 100 IU/ampoule. Calibration of Table 3. Composition of vaccines used in the col-
this reference vaccine with the international standard laborative study
was made in 3 laboratories and gave the results T
shown below: Vaccine Composition a potency

(IiU per ml)
Laboratory no. (IU Potency 95 % confidence limits

per ampoule) A and E Diphtheria-tetanus-pertussis Not relevant1 81 30-259 vaccine (adsorbed, commercial)
94 27-426
75 31-197 B and F PBS 42.5 ml
83 30-260
85 27-327 PBS/merthlolate 85.0 ml >4

131 38-736 AI(OH)s (2.5 mg Al/ml) 170.0 ml
120 29-1 014 Pert./vac. (32 lU/mi) 42.5 ml
91 41-231__

73 34-167
C and G PBS 33.0 ml

2 116 29-467
95 15-595 PBSlmerthiolate 33.0 ml 16

53 11-242 Pert./vac. (32 lU/mi) 66.0 ml
56 19-166
132 36-217 D and H PBS 212.5 ml

3 76 19-274 PBS/merthiolate 85.0 ml 4
80 2-1 533 Pert./vac. (32 lU/mi) 42.5 ml
68 19-212__

88 35-214
62 22-159 a PBS phosphate buffered saline, pH 7.2

PBS/merthiolate = phosphate buffered saline 0.4 g/l mer-

The 4 test vaccines consisted of an adsorbed thiolateAI(OH)3 = aluminium hydroxide suspension containing
diphtheria-tetanus and pertussis vaccine (commer- 2.5 mg Al per ml
cially available) and 3 other vaccines prepared from Pert./vac. = pertussis vaccine suspension prepared fromthe reference vaccine In such a way that each millilitre con-
the reference vaccine. These 4 vaccines were put up tained 32 International Units of Potency.
as 8 samples of 4 pairs and were designated by the
letters A to H. The composition of the 8 vaccine
samples is shown in Table 3. The participating
laboratories were unaware of the correspondence of to in this document as being by the " local method ,
vaccines A and E, B and F, C and G and D and H. and 2 using the challenge prepared from the dis-

tributed strain according to the instructions given.
Design of the comparison Assays using the distributed challenge strain are

The purpose of this part of the collaborative study referred to in this document as being by the " study
was to investigate the extent of the variation in the method ".
results of potency assays of pertussis vaccines in Instructions for preparing the challenge suspension
relation to the type of challenge used. This would from the distributed strain included details on how
indicate whether or not the use of a particular strain to culture the organisms on BG base, which was
could reduce the discrepancies between assays and supplied, and on how to use the " casamino acids "
was regarded as a preliminary step for the investiga- that were provided. Participants were also advised
tion of other factors, such as the strains of mice, to challenge mice in the morning and were requested
affecting assay results. This information would also to include the results of the titration of the challenge
be relevant to the forthcoming collaborative assay suspension to determine the size of the challenge (in
of the proposed replacement for the International mouse LD50) and to make a colony count of this
Standard for Pertussis Vaccine (WHO Expert Com- suspension. In general both methods were similar
mittee on Biological Standardization, 1964). to that suggested in the Requirements for Pertussis
Each participating laboratory was requested to Vaccine (WHO Expert Committee on Biological

perform 4 groups of potency assays, 2 using the Standardization, 1964), except that in the local
challenge used routinely in the laboratory, referred methods the period between immunization and chal-
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Table 4. The challenge doses of B. pertussis used in the assay and the numbers of
colony-forming units (cfu) per mouse LDso

Local strains (See Table 1) Distributed strain
Laboratory Assay Challenge cfu per LDs Assay Challenge

group no. In LD so cuprL group no. In LDs. cfu per MDm

1 1 1 <50 - 3 <10 -

1 65 653 4 7 1140

2 <50 - 4 478 15

2 65 653

2 1 53 200 3 370 19

2 84 74 4 638 14

4 291 Not counted

3 1 327 42 3 337 15

2 327 42 4 500 11

1 1250 7 3 319 19
4

2 149 85 4 690 17

1 1250 31 3 841 37
5

2 >1250 - 4 457 63

6 1 128 42 3 134 55

2 75 86 4 250 56

1 6 - 3 >200 -

7
2 <10 - 4 70 -

8 1 108 244 3 72 417

1 <50 - 3 114 236

2 50 375 3 <50 _

2 <50 - 4 81 308

4 <50 -

lenge differed between laboratories. The challenge Group 2: local method-reference vaccine and vaccines
doses used in the assays are listed in Table 4. E, F, G and H

The 4 groups of assays were the following: Group 3: study method-reference vaccine and vaccines
A, B, C and D

Group 1: local method-reference vaccine and vaccines Group 4: study method-reference vaccine and vaccines
A, B, C and D E, F, G and H
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Analysis of results and by methods. Significant differences in replicate
estimates of potency occurred once in each of only

Each participant completed all the requested 2 laboratories. It is also apparent that, despite
potency assays and some performed a number of significant differences in the results obtained between
repeat assays. All the results have been considered methods in 3 laboratories in respect of one of the
and between the 8 laboratories there were, in all, pairs of the vaccines, the method had no great effect
168 assays in 41 separate tests. on the estimate of potency.
The results were analysed according to the con- Table 9 was constructed to determine whether

ventional methods for treating multiple quantal the results were more consistent when using the
assays. Parallel regression lines of logit on log dose local method or the study method. It can be seen
were fitted to data for the reference vaccine and the that for the local method the consistency was
4 test preparations and potencies with weights and greater (not significant for 3 of the 4 vaccine pairs)
confidence limits were calculated. Throughout the than for the study method (significant for all 4 vaccine
analysis the potencies of the vaccines were expressed pairs).
in International Units per millilitre. Table 10 shows the test of significance between the
The outcome of the statistical analysis is given in mean potencies of the vaccines as estimated by the

Tables 5-10. Assays were excluded if the response two methods taking the results from all the labora-
to one or more doses was either zero or 100%, or if tories. There was no significant difference between
there was significant curvature or deviation from methods.
parallelism of the dose-response lines.
Table 5 shows the potency estimates from each of

the individual assays included together with the DISCUSSION AND CONCLUSIONS

weight of each potency estimate and the 95% (1) The questionnaire revealed that in addition to
confidence limits. differences in the challenge strain used by the
The statistical analysis showed that there were no participating laboratories, there are many local

significant differences between the pairs of vaccines variations in the method of challenge involving
in any laboratory (see Table 6). Each pair is, factors such as the preparation of the challenge
therefore, treated as a single preparation in the suspension and the method of inoculation.
subsequent analyses.

Table 7 gives the results of the analysis of the (2) There did not appear to be any clear indication
data combined in this way. This table gives, also, as to which of these factors affected the potency
a combined mean for the two methods of assay for assay. The results were analysed only in relation to

each laboratory. For each pair of vaccines the the findings given by the method using the local
means obtained from all the laboratories by each challenge strain and the method using the distributed
method are given in addition to the over-all mean challenge strain.
from all the laboratories by both methods and the (3) It was apparent that no constant level (mouse
95% confidence limits. LD50) of challenge was maintained in the assays and

Further analysis of the data consisted of mak- that the number of colony-forming units per LD50
ing tests of significance of the differences obtain- varied greatly from one challenge to another. To
ed as shown hereunder and given in the tables indi- determine the effect of these differences on the
cated: results of individual assays, however, would require

a separate study.
between replicate estimates of potency within methods (4) The results showed that, in general, the
-Table 8; individual estimates of potency varied widely but the

between methods within laboratories-Table 8; combined mean potency from all the laboratories
between laboratories within methods-Table 9; and gave an accurate estimate of the true potency in the
between methods from all laboratories-Table 10. case of the two vaccines of known potency (i.e.,

simple dilutions of the reference vaccine). This
Table 8 shows the significance of the differences in indicates that if a sufficient number of assays were

potency estimates (x2) in respect of each of the pairs performed by individual or different laboratories a

of identical vaccines for each laboratory by replicates true estimate would be approached.
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Table 5. The potency (IU), weight and confidence limits (P = 0.05) of the individual assays
of the 8 vaccines

Local method Study method

Vcieoratory PoeciWihmLmt ipretsags I__Limits____asVaccine| Limimcts as Potency Weight Limits percentages

A 1 17.3 36.94 7.70-36.5 45-210 5.64 22.09 2.00-14.6 35-259
12.4 23.61 4.51-31.3 36-252

2 28.6 15.56 8.98-102 31-356 11.7 31.58 5.01-26.5 43-226
3 omitted - - - omitted - -

4 9.10 26.84 3.63-22.1 40-245 7.12 27.85 2.89-17.2 41-241
5 13.8 13.98 3.84-48.8 28-354 2.11 19.64 0.68- 5.64 32-267
6 6.32 23.19 2.37-16.6 37-263 25.7 35.10 11.9 -57.4 46-223
7 9.83 9.52 1.91-44.9 19-457 23.9 18.84 8.26-72.3 35-306
8 18.2 17.28 5.90-56.8 32-312 19.6 21.11 7.12-54.6 36-274

14.6 16.46 4.56-46.6 31-219 16.0 18.33 5.34-47.9 33-299
10.32 11.66 2.43-40.1 24-389

E I omitted - - - 7.57 16.23 2.19-23.0 28-304
29.1 28.80 12.3 -70.3 42-242 omitted - -

2 16.0 18.23 5.28-48.4 33-303 4.66 10.01 0.87-18.8 17-403
7.66 20.15 2.55-20.8 33-271

3 omitted _ - - 8.05 40.25 3.71-16.34 46-203
4 7.30 36.89 3.32-15.5 45-212 17.3 29.73 7.4 -41.1 43-238
5 3.77 15.80 1.06-11.5 28-305 0.99 8.09 0.14- 4.21 14-425
6 9.15 15.87 2.81-30.3 31-331 31.68 27.31 13.4 -79.9 42-252
7 16.0 12.28 4.07-62.9 25-39 52.3 15.10 16.7 -192 32-367
8 11.0 18.32 3.59-32.3 33-294 12.7 25.18 4.99-32.0 39-252

14.0 16.77 4.38-43.5 31-311 9.79 14.03 2.64-33.67 27-344
18.2 18.91 6.22-53.8 34-296

B 1 6.81 35.61 3.05-14.9 45-219 4.18 24.88 1.63-10.6 39-254
5.12 23.99 1.93-13.2 37-258 _ - - -

2 11.3 13.19 3.35-47.4 30-419 14.6 35.38 6.80-32.8 47-225
3 omifted _ - - omitted - -

4 17.5 20.18 6.54-52.8 37-302 omitted - -

5 21.1 13.17 6.34-87.8 30-416 6.30 25.59 2.53-16.1 40-256
6 10.6 21.52 4.01-30.3 38-286 22.7 33.45 10.4 -52.1 46-230
7 15.6 8.46 3.43-98.9 22-634 9.89 19.11 3.51-30.3 35-306
8 2.72 17.24 0.86- 8.29 32-305 2.79 21.74 1.01- 7.52 36-270

2.69 16.87 0.83- 8.29 31-308 3.52 18.38 1.17-10.5 33-298
1.92 11.88 0.45- 7.21 23-375

F 1 9.02 14.03 2.45-35.7 27-396 4.55 16.08 1.39-14.7 31-345
5.71 29.66 2.43-13.5 43-236 5.55 37.40 2.62-12.0 47-216

2 6.93 16.93 2.26-22.6 33-326 5.36 14.57 1.53-19.4 29-32
- - _ _ 7.69 24.52 3.01-20.1 39-261

3 omitted _ - - 10.5 47.47 5.31-20.77 51-198
4 9.52 25.56 3.95-25.3 41-266 27.2 29.00 11.7 -5.9 43-242
5 5.96 16.79 1.92-19.2 32-322 1.23 11.67 0.27- 4.53 22-8
6 44.1 12.17 13.1 -202 30-458 24.5 26.85 10.4 -62.7 42-256
7 4.01 12.28 1.02-15.8 25-394 35.8 14.4 11.6 -143 32-399
8 6.17 17.6 2.06-19.3 33-312 3.18 25.18 1.25- 7.99 47-251

4.0 16.61 1.26-12.7 32-317 1.68 14.32 0.45- 5.55 27-330
3.12 19.06 1.05- 9.04 34-290
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Table 5 (concluded)

Local method Study method
Vaccine Lab-- _ _ _ _ _ _ _ _ _ _ _-_ _ _ _ _ _ _ _ _ _ -Li ts a

oratory Potency Weight Limits Limits as P Limits peLreintsaes
rc ta yrWe htaim

C I omitted - - - 10.8 24.58 4.12-27.1 38-251
20.4 22.48 7.42-54.0 38-265 _ - - -

2 45.9 14.24 14.0 -179 30-3 26.2 35.58 12.1-58.1 42-222
3 omitted - - - omitted - -

4 16.1 26.50 6.47-39.9 40-248 11.4 27.94 4.61-27.3 40-239
5 24.4 14.31 7.1448.1 29361 10.1 25.59 3.97-25.3 39-250
6 25.7 22.68 9.7849.9 38-272 16.0 35.86 7.36-34.8 46-217
7 26.2 9.43 5.69-135 22-515 18.3 18.47 6.17-55.2 34-302
8 12.4 17.30 3.94-37.9 32-3 8.59 21.44 3.06-23.1 36-269

7.28 16.85 2.22-22.1 30-303 7.48 18.13 2.40-21.8 32-291
- - - - 5.73 11.90 1.30-21.0 23-360

G 1 34.9 14.01 9.51-139 27-398 17.2 16.06 5.18-55.0 30320
22.5 28.68 9.44-54.1 42-240 18.6 37.84 8.80-40.0 47-215

2 16.0 18.23 5.28-48.5 33-03 24.7 14.44 7.30-93.8 30-380
- - _ - 18.2 23.60 6.95-48.2 38-265

3 omitted _ - - 12.9 45.51 6.3s-25.7 49-199
4 5.90 37.18 2.66-12.5 45-212 19.4 29.60 8.34-48.3 43-238
5 7.38 16.92 2.25-22.4 30-304 10.3 12.42 2.54-38.9 25-377
6 31.2 15.78 9.83-107 32-343 36.0 27.89 15.34-89.4 43-248
7 13.8 12.35 3.47-53.2 25-3 40.1 15.04 12.6-145 31-256
8 9.66 18.27 3.14-28.4 33-294 9.94 24.96 3.86-24.9 38-250

7.50 16.89 2.29-22.8 31-304 4.49 14.20 1.72-14.6 38-325
9.73 18.99 3.24-28.0 33-288

D 1 3.00 36.56 1.31- 6.26 44-209 4.01 23.97 1.53-10.3 38-257
6.62 21.39 2.40-18.3 36-276 _ - - -

2 2.89 17.55 0.91- 8.94 31-3 8.54 34.20 3.90-19.3 46-225
3 omitted - - - omitted - - -

4 5.06 26.11 2.04-12.8 40-252 1.04 26.71 0.04- 2.47 38-238
5 4.00 14.12 1.13-14.2 284355 1.40 24.40 0.52- 3.50 37-250
6 8.25 22.21 3.13-22.9 38-278 6.10 36.13 2.83-13.3 46-218
7 4.0 9.62 0.83-19.2 21-480 6.79 18.96 2.36-20.6 34-296
8 3.09 17.30 0.96- 9.46 32-306 2.79 21.74 1.01- 7.52 36-270

1.82 16.85 0.55- 5.52 30-303 2.13 18.24 0.69- 6.21 32-291
1.24 11.87 0.28- 4.51 23-364

H 1 3.42 16.53 0.87-10.4 25-304 5.01 16.37 1.56-16.2 31-23
3.88 29.97 1.63- 9.00 42-232 6.08 37.37 2.87-13.2 47-217

2 5.26 17.73 1.74-16.5 33-314 4.78 14.56 1.38-17.4 29-364
_ - - - 2.84 22.96 1.04- 7.42 37-261

3 omitted - - - 4.97 45.77 2.49-10.0 50-201
4 1.19 37.42 0.54- 2.51 45-211 10.9 27.58 4.63-27.3 42-250
5 3.52 17.19 1.12-10.9 32-310 1.43 11.88 0.32- 5.28 22-3
6 4.00 15.81 1.21-13.2 30-330 6.51 27.45 2.66-15.9 41-244
7 12.5 10.61 3.1840.9 25-487 7.55 14.83 2.30-27.0 30-358
8 2.42 18.27 0.79- 7.09 33-93 3.18 25.18 1.25- 7.99 39-251

1.60 16.96 0.48- 4.80 30-00 1.28 14.27 0.34- 4.19 27-327
' -_-F_ - 2.75 19.04 0.92- 7.95 33-289
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Table 6. Mean potencies for each vaccine (both methods combined) and the sig-
nificance of the differences between them

Labora- 95 % confidence
tory Mean potency xa b x for difference c limits of the com-

bined means

Vaccine A Vaccine E

1 11.7 (3) 17.9 (2) 1.02 ns 9.1-20.2
2 15.7 (2) 9.1 (3) 1.35 ns 7.5-18.9
3 - 8.1 (5) _ 3.7-16.3
4 8.0 (2) 10.7 (2) 0.48 ns 6.3-14.2
5 5.4 (2)* 2.4 (2) 2.82 ns 1.9- 6.4
6 12.8 (2) * 20.1 (2) 0.45 ns 10.7-26.3
7 17.8 (2) 30.8 (2) 0.80 ns 12.7-42.6
8 15.98 (5) 12.98 (5) 0.37 ns 10.3-20.2

Vaccine B Vaccine F

1 5.4 (3) 5.8 (4) 0.04ns 4.0- 7.9
2 13.6 (2) 6.8 (3) 2.38 ns 6.0-14.6
3 - 10.5 (1) - 5.3-20.8
4 17.5 (1) 16.6 (2) 0.00 ns 10.0-28.4
5 9.5 (2) 3.12 (2) 3.84 P=0.05 3.4-10.3
6 16.9 (2) 29.4 (2) 1.34 ns 13.3-33.9
7 11.4 (2) 12.0 (2) * 0.00 ns 6.6-22.5
8 2.75 (5) 3.39 (5) 0.37 ns 2.2- 4.3

Vaccine C Vaccine G

1 14.6 (2) 21.3 (4) 0.84 ns 12.9-27.4
2 30.8 (2) 18.9 (3) 1.19 ns 15.3-3.8
3 - 12.9 6_ 6.4-25.7
4 13.5 (2) 10.7 (2) 0.12 ns 7.6-17.2
5 13.9 (2) 8.5 (2) 0.77 ns 6.6-19.4
6 19.2 (2) 34.2 (2) 1.56 ns 15.7-8.4
7 20.7 (2) 24.8 (2) 0.08 ns 12.3-41.5
8 8.2 (5) 8.3 (5) 0.00 ns 5.9-11.6

Vaccine D Vaccine H

1 4.0 (2) 4.7 (4) 0.20 ns 3.1- 6.1
2 5.9 (2) 4.0 (3) 0.80ns 3.1- 7.5
3 - 5.0 (1) - 2.5-10.0
4 2.29 (2) * 3.60 (2) ' 0.11 ns 0.5-17.6
5 2.06 (2) 2.44 (2) 0.09 ns 1.3- 3.8
6 6.8 (2) 5.5 (2) 0.24 ns 3.9- 9.7
7 5.7 (2) 9.3 (2) 0.62 ns 3.9-13.3
8 2.21 (5) 2.25 (5) 0.00 ns 1.6- 3.2

a Numbers of replicates In parentheses.
b Significant differences between replicates indicated as follows:

* P < 0.05
* P < 0.01

* P < 0.001
c 1 degree of freedom.
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Table 7. Mean potencies by the local and by the study methods with overall mean
potencies and confidence limits

Vaccines Laboratory Local method a Study method T Combined mean b

A and E 1 18.7 (3) 6.4 (2) 13.6 *

2 20.9 8.7 (3) 11.9
3 - 8.0 (1) 8.0
4 9.0 (2) 11.3 (2) 9.4
5 6.9 (2) 1.7 (2) 3.5 *
6 7.4 (2) 28.2 (2) 16.8 *
7 12.9 (2) 33.9 (2) 23.3
8 14.1 (4) 14.5 (6) 14.4

Means 12.36 (17) 10.50 (20) 11.33

Confidence limits 8.81-14.57
(76 %Y-130 %)

Expected potency Not relevant

B and F 1 6.3 (4) 4.9 (3) 5.6
2 8.6 (2) 9.7 (3) 9.4
3 - 10.5 (1) 10.5
4 12.5 (2) 27.2 (1) 16.9
5 10.4 (2) 3.8 (2) 5.9
6 17.8 (2) 23.5 (2) 21.3
7 7.0 (2) 17.2 (2) 12.2
8 3.7 (4) 2.7 (6) 3.1

Means 7.93 (18) 6.26 (20) 7.01

Confidence limits 5.28- 9.29
(70 %-130 %)

Expected potency >4.0

C and G 1 23.9 (3) 15.4 (3) 18.8
2 25.4 (2) 23.0 (3) 23.8
3 - 12.9 (1) 12.9
4 9.0 (2) 15.0 (2) 11.4
5 13.0 (2) 10.2 (2) 11.3
6 27.8 (2) 22.8 (2) 24.6
7 18.2 (2) 26.1 (2) 22.6
8 9.0 (4) 7.8 (6) 8.3

Means 16.24 (17) 13.77 (21) 14.82

Confidence limits 12.23-17.97
(80 %Y-120 %)

Expected potency 16.0

D and H 1 3.9 (4) 5.1 (3) 4.4
2 3.9 (2) 5.3 (3) 4.8
3 - 5.0 (1) 5.0
4 2.5 (2) 3.4 (2) 2.9
5 3.7 (2) 1.4 (2) 2.2
6 6.1 (2) 6.3 (2) 6.2
7 7.3 (2) 7.1 (2) 7.2
8 2.2 (4) 2.3 (6) 2.2

Means 3.64 (18) 3.50 (21) 3.36

Confidence limits 2.73- 4.13
(81 %Y-120 %)

Expected potency 4.0

a Number of tests In parentheses, see Table 9.
b Significant differences between methods Indicated as follows:

* P<0.05
** P<0.01

The confidence limits of the combined mean are shown as percentages of the mean in paren-
theses.
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Table 8. Values of x2 for differences between replicates Table 9. Tests of the significance of the differences in
within methods and for differences between methods the mean potencies obtained between laboratories

within methods

_abora Replicates Methods
Local method Study methodVaccine Laboray L l_Sd e

| x2 d.f.a p x2 P Vaccine Degrees iDegrees
~~~ ~~ ~~~of P ofP

-- 1- _____ -
~freedom ;freedom

A and E 1 2.01 3 ns 5.87 <0.02

2 1.86 3 ns 3.15 ns A and E 11.08 6 ns 41.54 7 <0.001

3 _ - - - - B and F 14.83 6 <0.05 57.36 7 <0.001
4 2.28 2 ns 0.66 ns C and G 14.03 6 ns 16.64 7 <0.02

5 2.98 2 nd 5.38 0.02 D and H 7.67 6 ns 21.11 7 <0.01
6 0.34 2 ns 8.20 <0.01

7 1.21 2 ns 2.32 ns

8 1.70 8 ns 0.00 ns

B and F 1 0.87 5 ns 0.55 ns (5) For each test vaccine the mean potency from
2 0.66 3 ns 0.06 ns all the laboratories was slightly higher for the local
3 - - _ - - method, but the precision of the results obtained by
4 0.78 1 ns 2.04 ns the two methods was greater in the case of labora-
5 6.27 2 <0.05 2.06 ns tories 2, 6 and 7 when the study method was used.

6 2.98 2 ns 0.32 ns (6) For each test vaccine the heterogeneity of
7 4.30 2 ns 1.96 ns potency estimates was greater when the study
8 2.84 8 ns 0.69 ns method of challenge was used than when the local

method was used.

C and G 1 1.39 4 ns 1.27 ns (7) The low precision of individual assays is such
2 2.05 3 ns 0.04 ns that it well accounts for the discrepancies between

laboratories. There was no indication that improve-
-_ _ _ - ment could be obtained by suitable changes in any

4 3.69 2 ns 1.51 ns of the factors investigated in this collaborative
5 2.09 2 ns 0.16 ns study.
6 2.02 2 ns 0.18 ns

7 1.37 2 ns 0.32 ns

8 2.12 8 ns 0.17 ns Table 10. Tests of the significance of the differences in
____________________-_____-- mean potencies obtained between methods from all

the laboratoriesD and H 1 2.14 5 ns 0.66 ns

2 3.78 3 ns 0.44 ns Mean potency
3 - - - - - Vaccine Expected (1 degree Ppotency Local Study of freedom)'
4 20.17 2 <0.001 0.05 ns method method

5 0.03 2 ns 0.05 ns

6 0.92 2 ns 0.00 ns A and E - 12.4 10.5 0.45 ns
7 1.26 2 ns 0.01 ns B and F >4 7.93 6.26 0.73 ns

8 3.40 8 ns 0.02 ns C and G 16 16.24 13.77 0.72 ns

l_____ l l____l ____ - ____- ____ - ____ L D and H 4 3.64 3.50 0.03 ns
a d.f.= degrees of freedom, this being the number of

replicates - 2. I
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RESUME

ETUDES COLLECTIVES INTERNATIONALES SUR LA MESURE DE L'ACTIVITE DU VACCIN
ANTICOQUELUCHEUX: ROLE DE LA TECHNIQUE D'EPREUVE DANS LE TEST

DE PROTECTION DE LA SOURIS

Dans le cadre d'une serie de recherches sur le vaccin
anticoquelucheux, on a 6tudie 1'influence de 1'emploi de
l'un ou l'autre proc6de d'epreuve sur les resultats du test
de protection de la souris.

Huit laboratoires de sept pays ont pris part aux inves-
tigations. D'apres leurs reponses A un questionnaire, tous,
sauf un, employaient comme suspension bacterienne
d'epreuve des souches d6rivees de la souche 18-323 de
Bordetellapertussis mais avec des variantes de preparation
et d'utilisation. Ces diverses ((m6thodes locales ont e
mises en application au cours de la presente 6tude.
Le National Institute for Medical Research, de Londres,

charg6 de la coordination des travaux, a fourni aux dif-
f6rents laboratoires les vaccins anticoquelucheux suivants:
a) un vaccin de r6f6rence lyophilise et titre par rapport a
l'etalon international de vaccin anticoquelucheux, et
b) quatre paires de vaccins d'epreuve (une paire de vac-
cins adsorbes anti-dipht6rie-tetanos-coqueluche et trois
paires de vaccins obtenus par dilution du vaccin de refe-
rence). Le fait que chaque paire de vaccins groupait
deux preparations identiques 6tait ignor6 des participants.
Chaque laboratoire a egalement recu une souche d'epreuve
commune (souche 18-323 de B. pertussis) et les instruc-
tions relatives a son utilisation (# m6thode d'etude #).
Quelle qu'ait ete la methode employee, la dose d'epreuve
(exprim6e en DL50 pour la souris) et le nombre d'unites
formatrices de colonies par DL50 ont varie dans une
mesure appreciable selon les laboratoires.
Dans tous les resultats, I'activite des vaccins a e for-

mulee en unites internationales par millilitre. Pour chaque
pr6paration, on a calcule les valeurs moyennes et les
limites de confiance d6termin6es par la m6thode locale
et la methode d'etude, ainsi que conjointement par les
deux methodes. L'analyse comparative a porte a la fois
sur les donnees fournies par les diverses methodes et sur
les resultats obtenus par les diff6rents laboratoires.
On a constate que, prises isolement, les valeurs estimees

de l'activit6 presentaient en general de fortes variations,
mais qu'en combinant les valeurs moyennes relevees
dans les diff6rents laboratoires on parvenait a une evalua-
tion correcte de l'activite reelle (activite escomptee) des
vaccins d'activite connue. II importe donc de proceder
a un nombre suffisant d'essais si l'on veut obtenir une
valeur estimee proche de la valeur reelle.
La comparaison entre m6ethodes a montre que les tech-

niques locales donnaient des valeurs moyennes d'activite
plus elevees, mais que, dans certains laboratoires, la
m6thode d'etude fournissait des resultats plus precis.
Avec la methode d'etude, les donnees ont ete plus h6te-
rogenes qu'apres emploi des procedes d'epreuve locaux,
ce qui indique que la normalisation de la technique et de
la souche d'epreuve n'a pas pour effet d'accroitre l'homo-
geneite des resultats.
Le manque de precision des estimations isolees pourrait

expliquer les discordances entre laboratoires. L'influence
d'autres facteurs sur les resultats des tests doit etre exami-
nee au cours de nouvelles recherches.
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