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The International Standard for Anti-Smallpox Serum*
S. G. ANDERSON & JOYCE SKEGG

At the request of the WHO Expert Committee on Biological Standardization, the
National Institute for Medical Research, London, obtained 63 samples of convalescent
human plasmafrom patients recoveringfrom smallpox. The sera werepooledand distributed
into ampoules and freeze-dried.

The freeze-dried material was examined in 11 laboratories in 6 countries in an inter-
national collaborative assay during 1964 and 1965.

The results from 10 laboratories were more or less consistent, but relative potencies
in terms of the proposed international standard estimated by one of the laboratories were
exceptionally low. Since this laboratory used a strain of virus different from that used in
all the other laboratories, it was suspected that antigenic properties or avidity of the virus
might have caused the divergence of results; this is being investigated.

After considering the report of the international collaborative assay, the WHO Expert
Committee on Biological Standardization established the material as the International
Standard for Anti-Smallpox Serum, and a unitage was assigned so that I International
Unit of activity was contained in 0.08416 mg, and each ampoule contains (on average)
1000 IU of activity.

In 1958 the WHO Study Group on Requirements
for Smallpox Vaccine (1959) expressed the opinion
that there was need for the provision of an inter-
national standard for anti-vaccinia gamma-globulin.
The WHO Expert Committee on Biological Stan-
dardization (1960) noted this suggestion and asked
the National Institute for Medical Research, London,
in consultation with other institutes, to obtain
a suitable preparation of either serum or gamma-
globulin and to arrange a collaborative study of
methods of titration of virus-neutralizing antibodies.
A preparation of sheep anti-vaccinia gamma-

globulin was obtained, and tested by two laborato-
ries, one of which reported that the titre was too low
to give a 50% end-point by inhibition of cyto-
pathogenic effect in a monkey-kidney tissue-culture
plaque-counting system.
The WHO Expert Committee on Biological

Standardization (1963) later recommended that a
human serum should be studied, and through the
courtesy of Professor A. W. Downie and Professor
C. H. Kempe a pool of human sera was collected.
From this a standard was prepared and tested in an
international collaborative assay during 1964 and
1965.

* From the Division of Biological Standards, National
Institute for Medical Research, Mill Hill, London, England.

PREPARATION OF THE PROPOSED

INTERNATIONAL STANDARD

Altogether 63 samples of citrated human plasma,
each of approximately 100 ml, were obtained in
Madras from 63 Indian patients convalescent from
variola, the majority of whom had also been vacci-
nated. The time elapsing between onset of illness
and donation of blood varied, but in most cases was
between 2 and 5 weeks. The plasma was transported
to England in the frozen state. The material was
there thawed, pooled and filtered through Millipore
membranes. During this procedure some clotting
occurred. The supernatant was again filtered, this
time without clotting, and a sample was demon-
strated not to clot in the presence of excess calcium
during a period of 3 hours at 37°C, and then for
48 hours at 4°C. The material was distributed into
5000 ampoules in 2 batches during December 1963.
From batch A of 3558 ampoules, 51 samples were
chosen and the wet weight of contents determined;
the average weight was 1.015 g and the range
1.011 g-1.020 g.
The ampouled material was freeze-dried and

subjected to secondary desiccation for 2 weeks, after
which the ampoules were filled with nitrogen and
sealed. They have since been held at -10°C and
-20°C. The mean dry weight of contents determined

2493 515-



S. G. ANDERSON & J. SKEGG

on 6 ampoules was 84.16 mg and the range 83.80 mg-
84.75 mg. On reconstitution with 1 ml of distilled
water per ampoule, the contents were slightly turbid,
and some of this turbidity could be removed by
centrifugation at 2000 g for 15 minutes. This
turbidity increased on standing for 24 hours at 4°C
and a small deposit formed. The appearance of
turbidity and deposit was not prevented by the
presence of 100 IU per ml of heparin. Batch A was
set aside as a proposed standard for anti-smallpox
serum.

THE COLLABORATIVE ASSAY

Samples of batch A were coded with the letter L
for the purpose of the collaborative study.
Two dilutions of the material which had been

freeze-dried to form the proposed standard and
4 other preparations of anti-vaccinia antibody were
freeze-dried from 1-ml volumes and code-marked
with letters as follows:

Ampoule
code
mark

Material

K Vaccinia-immune sheep gamma-globulin;
from laboratory No. 7.

L Proposed international standard (pooled
human post-variola serum)

M Post-vaccination human gamma-globulin;
from laboratory No. 7 and diluted to 20%

N Vaccinia-immune rabbit serum from one

rabbit; from laboratory No. 4 and diluted to
40%

R Proposed international standard diluted to
33.3%

T Vaccinia-immune calf serum; from laboratory
No. 8 and diluted to 10%

V Proposed international standard diluted to
6.7%

The names of the 11 participants who took part in
the collaborative study are listed in the Annex, and
are referred to throughout this report by numbers
which, however, bear no relation to the order in
which they appear in the list.

Participants were invited to assay the coded
samples in terms of ampoules labelled L by any
method in which they had confidence and experience.
Six laboratories counted plaques in tissue culture,
6 counted pocks on the chick chorioallantoic
membrane (Table 1). Laboratory 1 using monkey-
kidney tissue cultures, incubated virus and antibody
for two different periods (2 hours and 24 hours) and

obtained different results. It may be noted that an
incubation period of at least 2 hours was suggested
by the National Institute for Medical Research when
the materials were distributed to participants.
Laboratory 8 used two in vivo and two in vitro
methods for estimating antibody.

Inquiries were made regarding the pedigree of the
strains of virus used by different laboratories.
Professor Downie advised that the vaccine used to
vaccinate the Indian patients was very probably
prepared in Madras from a strain originally derived
from the Lister Institute, London. He also stated
that strains of virus were isolated in Madras but
that their antigenic relationships to vaccinia have
not been studied.
The strain used in laboratory 4 as challenge and

also to immunize the rabbits was from the standard
Liverpool strain, and came originally from the
Lister Institute. The strain IHD used by laboratory 5
was received from the USA (see Fenner, 1958). It
probably came from the same New York Board of
Health strain as did the strain used by laboratory 11
(Parker et al., 1941). The strain used by laboratory 7
as challenge and also to immunize the sheep was the
standard Lister strain received from the British
Government Lymph Establishment about the time of
the First World War and was said to have been re-
ceived by them from Cologne in Germany about 1898.
The strain used by laboratory 11 is referred to in

the Catalog of viruses and rickettsiae of the Viral and
Rickettsial Registry and Distribution Center (1964).
The record states that it was received from the New
York City Department (Branch) of Health Labora-
tories in November 1929, and was received from
England by the New York City Department in 1856.
It may be assumed that the source was the Jenner
strain.

STATISTICAL ANALYSIS

The 6 test materials were jointly compared with
the proposed international standard by a multiple
parallel-line assay method as described by Finney
(1952) in which the response (pock or plaque counts)
was related to the log dose, and mean potency
ratios and their weights were obtained for each
material in terms of the proposed standard. Since
many assays were invalid on the grounds of non-
parallelism (P <0.01), it was decided to reanalyse the
results for materials R and V (the known dilutions
of the standard L) separately in terms of L, and in
this reanalysis fewer assays were found to be invalid,
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although the potency ratios obtained varied little
from those of the first analysis.

In the assays from laboratory 6 the log dose-
response lines for samples K, M, N and T were very
flat in comparison with the standard and this caused
invalidity. The responses relative to the standard
were also very much lower than those obtained by
other laboratories; possible explanations for these
discrepancies are discussed below, and these results
have been excluded from further analysis. Labora-
tory 11 also obtained some very flat log dose-
response lines, which made it difficult to estimate
meaningful potency ratios by the parallel-line assay
method; however, in this case estimates have been
made using the ED50 method and potency ratios
obtained by this method are quoted in Table 2.
Although there was a tendency for the slopes of the
log dose-response lines of the test materials (includ-
ing R and V, which were known dilutions of the
standard) to be less steep than those of the standard,
this effect was found not to be statistically significant
for individual materials, except in the case of K
and M, for which it was marginally so. As, in most
cases, potency ratios from " invalid" assays did not
differ significantly from those obtained from " valid "
assays in the same laboratory and were due mainly
to the high weights of these assays, they have not
been excluded from further analysis. The distribu-
tion of log potency ratios from all assays is given
in the figure; invalid assays are indicated.
Geometric mean potency ratios of each material

in terms of the proposed international standard have
been calculated for each laboratory and are given in
Table 2 together with the range of individual
estimates by each laboratory. Over-all mean potency
ratios and 950% confidence intervals are given in
Table 3.

Preparations R and V

Two of the preparations included in the study
were known dilutions of the standard, R being a
dilution of 1: 3 and V of 1: 15. It is therefore of
considerable interest to see how closely the estimated
pct ncy ratios for these materials compare with the
expected potency ratios of 0.33 and 0.067 respec-
tively. Only laboratory 2 estimated R to be signifi-
cantly different (P> 0.05) from 0.33, with a potency
ratio of 0.78; and laboratories 2 and 8 estimated V
to be significantly different from 0.067, with estim-
ates of 0.15 and 0.17 respectively. Mean estimates
by other laboratories (including 6 and 11) agreed
with the expected potencies.

Preparation M
Preparation M was also a human gamma-globulin

and had been diluted 1: 5. The average estimated
potency ratio was 0.22, which suggests that the
gamma-globulin was of a similar potency to the
serum from which the proposed international stan-
dard was prepared. The estimates between labora-
tories were homogeneous, with only laboratory 8
estimating it as having a potency ratio significantly
different from 0.2, by an estimate of 0.38.

Preparations K, N and T
These preparations were all from animal sera.

Estimates for preparation K were homogeneous
between laboratories and ranged from 0.07 to 0.11,
but considerably greater variation was found in the
estimates for N and T, which varied in the ranges
0.42-2.35 and 0.04-0.28 respectively.

Variations between laboratory estimates are given
further consideration in Table 4, where variances
between individual assay estimates both from the
same laboratory and from different laboratories are
compared. Significant differences (P <0.001) are
demonstrated between laboratory estimates of pre-
parations N, T and V. However, when only labora-
tories using the Lister strain of virus are considered,
the difference between laboratory variance is reduced
and only preparation N is shown to have heterogene-
ous estimates (0.001 <P<0.01). When only labora-
tories using both the Lister strain of virus and the
pock-counting method are considered, the variances
are further reduced, although there is still a signifi-
cant difference in the estimates ofN (0.01 <P <0.05).

COMMENTS ON INDIVIDUAL RESULTS

FROM INDIVIDUAL LABORATORIES

Laboratory 8 used two in vivo and two in vitro
methods of estimating antibody. As the in vitro data
did not lend themselves to formal statistical analysis,
only the data from the in vivo methods have been used
to estimate potency ratios. For the pock-counting
method, the log dose-response lines of preparations
other than R and V differed significantly from that
of the standard. The potency ratios for R and V,
however, obtained from (a) pock-counting on the
chorioallantoic membrane, and (b) determining the
cytopathogenic effect on chick embryo fibroblasts,
were homogeneous with each other.

Laboratory 1 employed two slightly different
methods on tissue culture of monkey kidney cells,
one (2 assays) using the recommended time of
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LOG POTENCY RATIOS FROM ALL ASSAYS IN ALL LABORATORIES
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2 hours for incubation of virus, and the other
(2 assays) being their regular method of incubating
virus for 24 hours. Using the 24-hour method,
neither assay was valid for preparations K and R, so

no comparison between methods can be made for
these materials, while one assay was valid for each
of the other preparations. A significant difference in
potency ratio was found for preparation M using the
two incubation times (X2[1]=9.3; 0.01>P>0.001).

log potency --

A highly significant difference was also found for
preparation V using the different incubation times
(X2[,]=49.0; P <0.001). For preparations N and T
there was not a significant difference between results
obtained with the alternative times. These results
indicate that 2 hours of incubation may not be
sufficient to reach an equilibrium level, but this may
not be a disadvantage as assays from 2-hour incuba-
tion showed greater validity.

3

Preparation K

5

S

l 5

0

0

0
6

.

519



520 S. G. ANDERSON & J. SKEGG

TABLE 2
LABORATORY MEAN POTENCY RATIOS AND RANGES RELATIVE TO THE PROPOSED INTERNATIONAL

STANDARD FOR ANTI-SMALLPOX SERUM
-

Labora- Preparation R Preparation V
toryPreparation K Preparation M Preparation N (expected potency Preparation T (expected potencytory ~~~~~~~~~~~~~~~~~~0.33) 0.067)

1 0.086 0.267 0.779 0.297 0.035 0.074
(0.08-0.11) (0.21-0.36) (0.64-1.16) (0.23-0.37) (0.03-0.04) (0.04-0.13)

2 0.089 0.159 0.416 0.780 0.074 0.152
(0.06-0.19) (0.12-0.22) (0.38-0.46) (0.74-0.83) (0.07-0.08) (0.12-0.19)

3 0.090 0.196 1.220 0.351 0.142 0.070
(0.05-0.18) (0.17-0.25) (0.89-1.57) (0.30-0.42) (0.12-0.16) (0.07-0.07)

4 0.066 0.246 2.348 0.245 0.120 0.046
(0.04-0.11) (0.13-0.53) (1.93-3.36) (0.19-0.34) (0.09-0.15) (0.03-0.07)

5 0.135 0.232 1.294 0.522 0.048 0.073
(0.08-0.20) (0.19-0.32) (0.69-4.19) (0.25-2.15) (0.04-0.06) (0.06-0.09)

6 (0.002) (0.028) (0.005) 0.331 (0.006) 0.067
(0.26-0.50) (0.05-0.16)

7 0.098 0.146 1.004 0.411 0.184 0.080
(0.08-0.12) (0.10-0.24) (0.76-1.15) (0.34-0.52) (0.15-0.24) (0.07-0.09)

8 0.117 0.380 0.448 0.336 0.284 0.169
(0.01-0.13) (0.30-0.44) (0.37-0.54) (0.32-0.35) (0.26-0.33) (0.16-0.18)

9 0.094 0.226 1.291 0.319 0.146 0.075
(0.06-0.14) (0.17-0.35) (1.0-1.68) (0.24-0.38) (0.11-0.17) (0.07-0.08)

10 0.082 0.179 1.573 0.251 0.138 0.076
(0.07-0.09) (0.14-0.21) (1 .0-2.24) (0.17-0.35) (0.10-0.17) (0.05-0.11)

11 a (0.098) (0.110) (0.454) (0.307) (0.130) (0.071)

a Laboratory 11 estimates from EDso.

TABLE 3
OVER-ALL MEAN POTENCY RATIOS AND 95% CONFIDENCE INTERVALS

RELATIVE TO THE PROPOSED INTERNATIONAL STANDARD

Laboratories using Lister Laboratories using Lister Laotris10a
Preparation strain and pock-count strain (Lab. 3, 4, 7, 9, 10) Laboratories 1_10

method (Lab. 3, 4, 9, 10)

K 0.082 b 0.085 b 0.093
(0.070-0.096) (0.074-0.097) (0.080-0.109)

M 0.197 b 0.192 b 0.217
(0.166-0.233) (0.164-0.226) (0.173-0.272)

N 1.55 b 1.42 1.01
(0.969-2.49) (0.954-2.12) (0.653-1.56)

R 0.299 b 0.310 0.362
(0.259-0.346) (0.235-0.407) (0.282-0.464)

T 0.135 b 0.137 b 0.110
(0.121-0.151) (0.123-0.153) (0.066-0.182)

V 0.066 0.068 0.082
(0.045-0.095) (0.052-0.089) (0.063-0.108)

a Excluding laboratory 6 except for preparations R and V.
b Weighted mean (x2 test: P>0.05).
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TABLE 4
LOG POTENCY RATIOS: VARIANCES WITHIN AND BETWEEN LABORATORIES

Average between-laboratory variance a

Prepaation Log within- LaboraLitorie LaboratoriesPreparation potency ratio laboratory usn ise using Lister Laboratories
variance strain and pock- strain 1-10 b

_________________________ ~ ~ ~ coun3,eth9o10 (Lab.3,4, 7, 9, 10)

K -1.029 0.025 0.020 0.020 0.029

M -0.664 0.027 0.014 0.029 0.048

N 0.004 0.019 0.068 * 0.089 ** 0.196 ***

R -0.442 0.033 0.021 0.032 0.062

T -0.961 0.008 0.006 0.013 0.238 **

V -1.086 0.022 0.042 0.039 0.087*#

a Probability that between-laboratory variation is not greater than within-laboratory variations.
= P<0.031; ** = 0.001<P<0.01; * = 0.01<P<0.05; otherwise P>0.05.
b Excluding laboratory 6 except for preparations R and V.

As we have mentioned above, in the results from
laboratory 6 the log dose-response lines for the
samples K, M, N and T were very flat compared
with the standard and this flatness caused invalidity.
The responses relative to the standard were also
very much lower than those obtained by other
laboratories. In view of the agreement between the
values obtained by this laboratory and other labora-
tories for samples R and V, it seems that the diver-
gent results with samples K, M, N and T may have
been due to (a) differences between the species of the
hosts providing the respective sera, or (b) differences
between the strains used by laboratory 6 as challenge
virus, or (c) a combination of these two factors. An
investigation into these possibilities is being carried
out by two of the participants.

DISCUSSION

The main objective of this collaborative study was
to determine the suitability of a freeze-dried material
to serve as an international standard. In some cases
it was found that potency ratios of sera in relation to
the standard varied between laboratories. When one
reagent-the virus strain-was " constant " between
laboratories, Table 4 shows that the results between
laboratories were more uniform. The strain of virus

was therefore a significant factor producing the
variation of estimated potencies of antiserum.
Furthermore, when laboratories used the one Lister
strain of virus and also one nominal method (pock-
counting, without, however, strict attention to
similarity of details of the method), estimated
potencies were even less heterogeneous (Table 4)
This effect on estimated potencies of using different
strains of virus was strongly evident in the results
on animal sera from laboratory 6. Because of the
gross nature of this effect, the matter is being
investigated by two laboratories.

ESTABLISHMENT OF THE INTERNATIONAL STANDARID
FOR ANTI-SMALLPOX SERUM

Most of the information in this paper was con-
sidered by the WHO Expert Committee on Bio-
logical Standardization and it was concluded that
the material L was suitable to serve as a standard
for antibody to smallpox virus. The WHO Expert
Committee on Biological Standardization (1966>
established this material as the International Standard
for Anti-Smallpox Serum and a unitage was assigned
so that 1 International Unit was the activity present
in 0.08416 mg of the freeze-dried material. Each
ampoule contains (on average) 1000 IU of activity
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R1ESUM t
ETALON INTERNATIONAL DE SERUM ANTIVARIOLIQUE

Sur la demande du Comite OMS d'experts de la Stan-
dardisation biologique, le National Institute for Medical
Research de Londres s'est procur6 63 6chantillons de
serum pr6leves chez des convalescents de variole. Ces
serums ont e melanges, r6partis en ampoules et lyophi-
lises. Ce materiel a ensuite fait l'objet, en 1964 et 1965,
d'un titrage comparatif dans 11 laboratoires de 6 pays.

Les r6sultats obtenus dans 10 laboratoires se sont
reveles plus ou moins concordants, mais les activites
relatives, en fonction de l'etalon international propose,
trouvees dans un des laboratoires ont et6 exceptionnelle-
ment faibles. Ce laboratoire ayant utilise une souche de
virus differente de celle employ6e par les autres partici-

pants a I'dtude collective, on a dte amene a penser que les
proprietes antigeniques ou I'avidite du virus dtaient pro-
bablement as l'origine des divergences constatees. Des
recherches sont actuellement en cours pour verifier cette
hypothese.

Apres avoir pris connaissance des r6sultats du titrage
comparatif, le Comitd OMS d'experts de la Standardisa-
tion biologique a constitu6 le materiel examin6 en 6talon
international de serum antivariolique. L'unite inter-
nationale de serum antivariolique a ete definie comme
l'activite de 0,08416 mg de l'etalon international. Chaque
ampoule de la preparation contient en moyenne 1000
unites internationales.
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