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International Collaborative Assay
of the International Reference Preparation

of Anti-Yellow-Fever Serum
P. KRAG,1 F. N. MACNAMARA,2 J. LYNG,3 M. WEIS BENTZON ' & S. OLESEN LARSEN6

A yellow fever immune serum was established in 1962 by the WHO Expert Committee
on Biological Standardization as the International Reference Preparation of Anti- Yellow-
Fever Serum, intended to serve as an immune reference serum in the mouse protection test
used in the control ofyellow fever vaccines.

Before its establishment as the International Reference Preparation, the proposed
material was assayed in eleven laboratories in ten countries against a number of other
immune and non-immune sera, and was found stable. Neutralization test results were
consistent and the relative potency was sufficiently high. This paper not only reports on the
collaborative assay, but also discusses errors in the testing method andproblems connected
with the distribution ofmouse deaths during the observation period and with the preparation
of dilutions.

The WHO Expert Committee on Biological
Standardization (1958) asked that measures be
taken towards the establishment of an International
Reference Preparation for Anti-Yellow-Fever Serum.
The use of such a serum was anticipated when the
Requirements for Yellow Fever Vaccine were for-
mulated (WHO Study Group on Requirements for
Yellow Fever Vaccine. .., 1959).

Following the request of the WHO Expert Com-
mittee sera were collected and assays planned in
collaboration between the West African Council for
Medical Research, Lagos, Nigeria, and the Statens
Seruminstitut, Copenhagen, Denmark.
The laboratory in Lagos prepared the proposed

reference serum and arranged for its freeze-drying.
Some of the assay sera were prepared in Lagos,
others in Copenhagen.
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PARTICIPATING LABORATORIES

Twelve laboratories were invited to take part in
the collaborative assay. The following eleven
accepted the invitation and expressed willingness to
perform one or more tests on the proposed reference
serum and the additional sera:
Commonwealth Serum Laboratories, Parkville,

Melbourne, Australia
East African Virus Research Institute, Entebbe,
Uganda

Institut Pasteur, Dakar, Senegal
Institut Pasteur, Paris, France
Instituto Carlos Finlay, Bogota', Colombia
Instituto Osvaldo Cruz, Rio de Janeiro, Brazil
National Institute for Medical Research, London,
England

Rockefeller Foundation Virus Laboratories, New
York, N.Y., USA

South African Institute for Medical Research,
Johannesburg, South Africa

Wellcome Research Laboratories, Beckenham,
Kent, England

West African Council for Medical Research,
Lagos, Nigeria.
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Throughout this report these laboratories- are-

referred to by arbitrary numbers that do not neces-

sarily correspond to the above order of listing.

MATERIALS AND METHODS

Sera

The assay comprised the proposed reference
serum (R), seven sera coded A-G, and finally nine
sera (L) provided in most cases by the participating
laboratories themselves. Details of these sera are as

follows:

Serum R: The reference serum. Immune serum from
monkeys. A pool prepared from three mon-
keys (Cercopithecus aethiops tantalus), injected
with the pantropic Asibi strain.

Serum A: Identical with serum R.
Serum B: Serum 6440. Normal serum, pool from

Europeans; used in several laboratories as

diluent.
Serum C: Immune serum from a European vaccinated

in 1952 and 1959 (vaccines from Institut
Pasteur, strain 17D).

Serum D: Immune serum from one rhesus monkey in-
oculated with neurotropic yellow fever virus.

Serum E: 1 :4 dilution of serum R.
Serum F: Serum from a Malayan, presumed immune to

group-B arboviruses, but without any contact
with yellow fever.

Serum G: A serum pool of 13 human sera, immune to
yellow fever, and group B arboviruses. All
sera contained antibody against yellow fever
and were CF-reactive with the following
antigens: yellow fever, Zika, dengue fever
1751 (Trinidad strain), and West Nile.

Serum L: Lab. 1 and 9: Serum from one animal in
each laboratory: donkey (Lab.
I) and horse (Lab. 9) immu-
nized with yellow fever virus,
Dakar strain (1927 neuro-

tropic).
Lab. 2 and 3: Serum from one monkey in

each laboratory, immunized
with yellow fever virus, Ugan-
da and 17D strains, respect-
ively.

Lab. 4:
Lab. 5:

Normal monkey serum.

Serum from mice immunized
with yellow fever virus, Brazi-
lian strain.

Lab. 6: Serum from humans with natu-
ral immunity.

Lab. 7 and 8: Serum from one human in each
laboratory, immunized with
vaccine prepared from yellow
fever virus, strain 17D (Lab. 8
used serum C).

Assay methods
The methods used in the various participating

laboratories are shown in Table 1.
The technique for the neutralization test was,

with minor variations, that recommended by the
WHO Expert Committee on Yellow Fever Vaccine
(1957).

TABLE 1

ASSAY METHODS USED IN THE DIFFERENT
LABORATORIES

Neutraliza- Comple- Haemagglu- Plaque
Lab. tion ment- Itination- count

test fixation Iinhibition test
____ ~test test

1-4 x

5 x x

6-8 x

9 x x x

10 x X
11 x x

The complement-fixation test (CF) was performed
as described either by Panthier & Hannoun (1960)
or by Casals et al. (1951).
The haemagglutination-inhibition test was that

described by Clarke & Casals (1955, 1958) with
minor variations.

In the plaque count technique (performed in one
laboratory) two modifications of Porterfield's (1960)
technique were used:

(1) Plaque reduction test, where a monolayer of
chick embryo cells was exposed for 2-4 hours to a
virus suspension estimated to give about 100 plaques.
After removal of the virus suspension a top layer
containing serum dilution was added.

(2) Plaque neutralization test, where the mixture
of virus and serum dilutions was added to the
monolayer after incubation at 37°C for 2 hours.

Virus strains
For the neutralization test all laboratories used

the French neurotropic strain of yellow fever virus.
Most of the laboratories used a lyophilized suspen-
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sion; Laboratories 2 and 9 used a deep-frozen
suspension.

Evaluation
The results for the neutralization tests and, in

Laboratory 10 for the complement-fixation test,
were all estimated as log10 titres following the Kiirber
method (Finney, 1952). Where data were incomplete,
the titres were obtained by interpolation or extra-
polation. In addition a logit analysis was carried out,
using an electronic computer.
For the other tests the titre corresponds to the

last dilution with a clear serum effect.

RESULTS WITH NEUTRALIZATION TESTS IN MICE

Survival time
The data for sera found not to contain antibody

against yellow fever virus in the neutralization test
were used to check the validity of the assumption
that death of mice occurring before the fourth day or

after the tenth day was not caused by yellow fever
virus. Of 878 mice, 97.6% died between the fourth
and tenth days.
Table 2 shows non-specific deaths for all assays

in nine laboratories.
The survival time distributions (Table 3) varied

from laboratory to laboratory. The majority of
laboratories had practically no deaths on the fourth
day and very few on the fifth day.

Laboratories 2, 3 and 5 showed distributions
indicating that deaths on the fourth day (or, for
Laboratory 2, on the fifth day) belonged to another
distribution than that with maximum mortality on

the seventh to eighth days. For these laboratories,
therefore, it was decided to discard also deaths
appearing on these early days.
No deaths occurred after the tenth day in Labora-

tories 6 and 7. In Laboratory 7 an accumulation of
deaths on the tenth day was unrelated to serum dose
and regarded as specific assuming that the low
mortality on the ninth day was due to lack of
inspection.
The average survival time per serum dilution or

virus dilution (d), was plotted against percentage of
deaths, and it was found that for all laboratories the
mice in general died earlier when the serum dose was
reduced or the virus dose increased (resulting in
a higher mortality rate).
The average survival time corresponding to 30 %,

50 %, and 80% of deaths has been estimated by

TABLE 2
DEATHS AMONG INOCULATED MICE OUTSIDE

THE 4-10-DAY PERIOD IN NEUTRALIZATION TESTS

Percentage a of mice dying
Total No. on day shown

Lab. of mice Through 3rd day j 10th or 11th day

Virus b| Serum c Virus bI Serum c Virus bj| Serum c

1 156 1088 1.3 3.1 0 0.9

2 167 960 6.0 7.2 0.6 2.2

3 120 828 1.7 3.3 3.3 0.7

4 180 1080 1.1 2.2 0 1.1

5 177 1 168 4.0 1.9 0 0.1

6 144 1 184 0.7 2.4 0 0

7 300 1 435 2.0 4.0 0 0

8 309 1388 2.3 1.1 0 1.0

9 d 60 164 0 0 0 2.4

a Percentage based on total number of mice used in each
laboratory.

b Virus dose control titrations.
c Normal and immune sera titrations.
d Second experimental day only in Lab. 9.

interpolation (Table 4); the ranking of d for 50%
survival is the same for virus and for serum.
A comparison of the average survival time (d) for

30%, 50%, and 800% of deaths, taking serum and
virus values as pairs, shows serum and virus values
agreeing at the 80% level. The increase in survival
time with decreasing mortality, however, is most
pronounced for the serum values. At the 30% level
the survival times are on the average 0.5 day longer
for mice receiving the serum-virus mixture.
The survival time and mortality are related, but

show laboratory differences in absolute values as
well as relatively; every laboratory performing the
neutralization test should examine the survival time
distribution prior to the evaluation of the results
by means of 50% value and slope of the dose/res-
ponse curve based on survival percentage.

Slopes of the dose/response curves
Table 5 shows for each serum and each laboratory

an average slope, expressed as the increase in the
mortality rate when the serum concentration is
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TABLE 3
DEATHS AMONG INOCULATED MICE WITHIN THE 4-10-DAY PERIOD IN NEUTRALIZATION TESTS

Percentage of mice dying Distribution of deaths for mice dying 4-10 days after tests
on 4th and 5th days a with sera R, A, E, C, G and L

Lab. 4th day 5th day d_ Day of death ,

Virus b serumce Virus b Serumc Groupd 4 5 6 7 i 8 [91 10 T

B 1 4 4 4 1 14
1 | 0 0 3.8 2.1 C 1 7 69 51 20 7 155

D 4 31 82 29 10 1 157

B 1 2 4 3 5 9 3 27
2 0 0.9 2.4 1.6 C 2 6 6 18 33 29 17 111

D 2 2 16 23 38 24 22 127

B 1 1 4 2 6 4 18
3 0 0.5 4.2 1.9 C 2 9 29 37 24 9 110

D 2 2 8 37 32 26 11 118

B 11 2
4 0.6 0.3 10.0 9.7 C 4 24 51 19 9 5 112

D 1 12 44 49 18 2 1 127

B 2 16 5 7 30
5 0.6 0.5 5.6 2.6 C 1 1 15 56 45 23 15 156

D 2 4 32 76 32 16 4 166

B 4 3 5 12
6 0 0.2 2.1 1.1 C 2 7 42 61 40 17 169

D 1 2 26 56 53 19 11 168

B 3 12 12 3 11 41
7 0 0.1 5.7 4.3 C 3 34 67 24 1 36 165

D 16 61 78 14 1 15 185

B 2 9 8 1 20
8 0.6 0.4 3.6 9.4 C 1 33 59 24 8 1 126

D 2 9 76 52 17 4 1 161

B 1 1 13
9g 0 0.6 3.3 4.3 C 12 20 5 2 1 40

D 5 15 17 3 1 41

a Percentage based on total number of mice used In each laboratory.
b Virus dose control titrations.
C Normal and Immune sera titratlons.
d The sets of mice used for testing serum doses are grouped according to the ratio between the serum dose given and that

nearest the 50 % point of the corresponding titration series, as follows:
Ratio: ...16 8 or 4 2,1 or 11, IJ, or 1/, lI..
Group: A B C D E

Group A usually contains few cases; Laboratories 2, 5 and 7 have 16, 9 and 17 cases respectively; the deaths on the fourth
and fifth days are unexpected:

Day of death
Lab. 4 5 6 7 8 9 10

2 3 5 1 1 3 2 1
5 3 1 2 1 2
7 2 1 11 1 2

Group E usually showed high mortality and deaths on the fourth and fifth days conform well with expectation.
* Second experimental day only In Lab. 9.
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TABLE 4
AVERAGE SURVIVAL TIME a IN DAYS (d) FOR THREE
LEVELS OF MORTALITY IN NEUTRALIZATION TESTS

[ d at dat dat
Lab.b 30 % mortality 50 % mortality 80 % mortality

Virus c Serumd Virus c Serumd Virus c Serumd

6 8.5 8.8 8.4 8.3 8.0 7.7

2 (8.3) 7.9 8.2 8.1 8.0 8.0

1 7.6 7.9 7.7 7.7 7.5 7.3

3 7.3 8.2 7.6 7.9 7.7 7.9

7 7.4 7.5 7.5 7.5 6.8 6.9

5 7.8 8.4 7.5 7.9 6.9 7.2

4 7.1 8.2 7.1 7.3 6.8 6.8

8 7.1 7.4 6.8 7.1 6.4 6.7

9 6.1 (7.2) 6.3 7.0 6.6 6.7

Average 7.5 7.9 7.5 7.6 7.2 7.2

a Estimated as mean interval between inoculation and death.
Values in parentheses are extrapolated.

b The laboratory results are arranged according to decreas-
ing values of d at 50 % mortality.

c Virus dose control titrations.
d Normal and immune sera titrations.

reduced by half. The table also shows the average
slopes for each laboratory (excluding serum L,
which represents seven different sera) and their
standard errors (SE).

Significant deviations from the over-all mean

(b50 = 0.19) are found for six of eight laboratories.
Similar deviations are found for three of five sera.
Serum D was peculiar in showing larger variations
between laboratories than did the other sera. Never-
theless it was decided to base the estimate of standard
error on the over-all mean slope.
A study of the deviations of the observations from

the logit curves drawn on the basis of the average
titre per serum (i) and the slope showed that the
deviations in general appeared to be equally dis-
tributed on the dilution steps numbered from the
dilution corresponding to the x values.
The over-all fit was found acceptable, the number

of cases showing significant deviations being slightly
higher than expected.

In several cases the significant deviation corres-

ponded to unexpected survivals or deaths.
The fact that the occurrence of unexpected deaths

or survivals tends to give a downward bias to the
slopes may explain the slight difference in slope
observed between sera R and AE. For sera A and E
we have found some of these cases to occur in
connexion with high initial serum concentrations
(1: 1 or 1: 4) and a tendency to a wider coverage in
dilution series as compared with serum R; such
differences are not found between sera A and E on

TABLE 5. AVERAGE SLOPES a,b OF DOSE-RESPONSE CURVES AND SEC OF THE SLOPES IN NEUTRALIZATION TESTS

Laboratory Geom.
Serum] 1 2 3 _ _ _ _ 67 8mean, SESerum I1 2 3 4 5 6 7 8 9 Lab. 1-8

S

R 0.25 [3] 0.18 [2] 0.21 [3] 0.32 [3] 0.23 [3] 0.29 [3] 0.16 [6] 0.23 [5] 0.18 [2] 0.23 0.012

AE 0.21 [3] 0.17 [3] 0.16 [2] 0.27 [3] 0.22 [3] 0.26 [3] 0.22 [3] 0.17 [4] 0.21 [2] 0.21 0.011

G 0.16 [2] 0.08 [1] 0.15 [1] 0.14 [1] 0.14 [1] 0.25 [1] 0.09 [1] (0.10) [1] - 0.13 0.012

C 0.23 [1] 0.16 [2] 0.10 [1] 0.16 [2] 0.18 [2] 0.15 [4] 0.16 [2] 0.10 [1] - 0.14 0.009

D 0.47 [1] 0.12 [2] 0.14 [1] 0.32 [2] 0.15 [2] 0.40 [2] 0.22 [2] 0.16 [3] - 0.21 0.014

L 0.28 [3] 0.23 [2] 0.28 [3] - 0.13 [4] 0.32 [3] 0.14 [4] - 0.30 [2] - -

Geom. mean
(excl. L) 0.25 [10]1 0.15 [10] 0.15 [8] 0.25 [11] 0.19 [11] 0.24 [13] 0.18 [14] 0.16 [14] - 0.19

SE } 0.021 f 0.011 | 0.015 [ 0.020 - 0.015 | 0.017 0.012 j 0.011

a The figures represent the slopes of the linear part of all the curves at the 50 % point. Thus a slope of 0.23 means that on
the average one further twofold dilution should give an increase in mortality of 23 % from, say, 50 % to 73 %.

b The italic figure in brackets to the right of each slope value is the number of curves used as a basis for the estimate
of the slope; this figure Is used as a weight for the estimate of the average per laboratory. c Standard error of average slopes.
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TABLE 6

COMPARISON OF THE VARIATIONS IN VIRUS DOSES AND TITRES FOR SERA R AND L
IN NEUTRALIZATION TESTS

Deviations x 10' from average value per laboratory Slopes of the

Lab.a
virus/serum curves

l 2Test | Test Test Test J Test Serum R Serum L

I V 2.32 -27 9 19 -0.35 -0.77

R 2.23 14 -22 9

L 3.13 22 -9 -12

2 V 1.92 25 -25 -1.28 0.10

R 2.78 -32 32

L 2.61 2 -3

3 V 2.15 -17 76 -58 -0.11 -0.06

R 2.29 1 -8 7

L 0.96 -2 -3 6

4 V 1.88 -63 29 35 -0.21 -

R 2.04 14 -8 -5

5 V 1.87 -49 12 38 -0.51 -0.94

R 2.24 25 -5 -20

L 1.33 57 -46 -11

6 V 1.86 6 14 -19 -1.07 -0.88

R 2.23 7 -24 18

L 1.11 28 -37 9

7 V 1.84 c _1 16 -59 _b 45 -0.58 -0.65

R 2.72C 5 15 13 _b -32

L 1.19 9 12 28 -50

8 V 2.00 -24 -50 2 41 33 -0.97 _

R 1.93 -35 82 14 -42 -21

9 V 1.75 -33 32 -0.06 -0.48

R 2.28 5 -2

L 2.94 15 -16

Range: V, 0.57; R, 0.85; (L, 2.17) Average slope: -0.45 -0.42

a V - virus dose expressed as log LD5*. R - serum R titre. L - serum L titre.
b Test not run; virus dose (2.16) and R-titre (1.99) are not included in the average value recorded here.
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the one hand and G, C and D on the other. The
described differences in slope are accepted as
depending on differences in the sera; this point of
view is further supported by the fact that the sera
LI-L9 show variations in slope beyond expectation
as compared with the variations in average slope
per laboratory. Part of these differences was caused
by differences in titration technique as the labora-
tories used different volumes of undiluted serum
for preparation of twofold and fourfold dilutions,
the latter sometimes with volumes as small as 0.1 ml
and 0.2 ml (in the case, for instance, of sera A and E
and G, C and D.

Slopes and variances

Based on the average slope (b50 = 0.19), variances
of the Kiirber values are estimated by the expression

2 0.3d
s- F_
x 0.19 x 4n

with d = 0.3 and n = 8 for R, and d = 0.6 and n =
12 for A to D, leading to an estimate of the SE of a
relative potency

SE (relative potency) =-0.0348 = 0.19

Serum titre and virus dose

The logarithms of the challenge doses varied from
1.25 to 2.91 and were in 12 out of 30 cases outside
the limits (1.88 to 2.48) recommended by the WHO
Expert Committee on Yellow Fever Vaccine (1957).
Exclusion of results corresponding to these limits
was not done.

Table 6 shows for each laboratory the average
virus doses and titres for sera R and L, and also the
deviation per day 2 from the average for each of
these three values. The table also gives the slopes
of the virus-serum curves for sera R and L. These
slopes vary randomly around -0.45.
A special study of serum titres and virus dose

performed in the laboratory of the West African
Council for Medical Research showed a marked
decrease in serum titres with increasing virus doses
(slope, -0.33); a correction to a challenge dose of
2.00 (100 LD5O) by means of this slope was suggested.
The variation in the R titres would be reduced to
some degree by such a correction.

'The analogue to formula 20.18 in Finney (1952) for
the logistic case.

" Day " is used in this paper to denote " experimental
test ".

Relative potencies

Another approach to a reduction in the day-to-day
variation is to replace the titres by relative potencies.
A considerable reduction in range is obtained when
the titres for sera A, E, G, C and D are replaced by
potencies relative to R (see Table 7). The reduction
in range exceeds that obtained by the above correc-
tion based on virus doses and shows that R is useful
as a reference for at least these five immune sera in
spite of the differences in slopes. A similar reduction
in range is found for L sera in three laboratories.

Table 8 contains, for each laboratory, variances
estimated for virus titres, R titre and L titre, in all
cases based on the deviation per day from the
average values (compare Table 6). Variances were
also estimated for a series of titre-differences-
namely, the differences between R titres and the
corresponding virus titre multiplied by 0.45, the
differences between R titres and L titres and between
R titres and each of the titres for sera A, E, G, C
and D.
For each of the six series an average variance

(weighted) was estimated, assuming the fluctuations
between laboratories to be random. The total
variance for the uncorrected R titres is 0.1065.
A correction to a challenge dose level of 100 LD50,

using the slope -0.45, will reduce the variance
about 30% to 0.0728.
The use of the slope -0.33 gives a similar reduc-

tion when due regard is paid to the increase in the
number of degrees of freedom by one, because this
slope was estimated independent of the corrected
R titres.
The use of relative potencies based on the log

titres for serum L will, however, give a greater
reduction in variance (46%-from 0.1065 to 0.0577).

In each case the variance due to the experimental
error was estimated following a calculation similar
to that given for serum R.
The experimental variance was estimated as the

sum of the variance of the R titres (0.0149) and the
variance of the correction (0.45) 2 x 0.0303; the first
is about two-thirds of the total.
The deduction of the experimental error from the

total leaves a surplus variance of from 0.0279 to
0.1547.
As is clearly seen, the surplus is high (>0.0812)

for the three series based on titres. The correction
for variation in challenge dose gives a moderate
reduction while the deduction of L titres gives a
remarkable reduction in variance (to 0.0279). In this
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TABLE 7
LOG POTENCIES RELATIVE TO SERUM R AND TITRES FOR SERA R AND L IN NEUTRALIZATION TESTS a

Laboratory C d Average

SeruM b [ _____-(un-Serum b |1 1 2 3 4 5 6 7 8 9 weighted)

R (titres)

Day 1 2.37 2.46 2.30 2.18 2.49 2.30 2.77 1.58 2.30

Day 2 2.01 3.10 2.21 1.96 2.19 1.99 2.87 2.75 2.26

Day 3 2.32 2.36 1.99 2.04 2.41 2.85 2.07

Day 4 1.99 1.51

Day 5 2.40 1.72

Average titre 2.23 2.78 2.29 2.04 2.24 2.23 2.58 1.93 2.28 2.29

A (Average 0.02 0.15 [2] -0.24 -0.09 [2] **0.41[2] 0.06 -0.07 [2] 0.14 [3] - 0.05
relative

E potency) 0.04[2] -0.10 -0.29 0.14 -0.31 -0.20[2] -0.27 -0.03 -0.10 [2] *-0.12

G Average -0.81[2] -0.88 -0.74 -0.65 -0.84 -0.94 -1.08 **1..47 - -0.93

C relative -1.21 -1.49 [2] -1.37 -1.23 [2] *-1.04[2] -1.54[3] -1.25[2] ***-1.85[2] - -1.37
potency)

D **-0.16 -0.61 [2] -0.95 -0.79 [2] -0.68[2] **-1.08[2] -0.75 [2] -0.56 [3] - -0.70

(Average
L relative 0.90 -0.18 -1.33 -0.91 -1.12 -1.54 - 0.66

potency)

L (Average titre) [ 3.13 2.61 0.96 1.33 1.11 1.19 - 2.94

a Sera F and B showed no protection in the neutralization test. Standard errors of R potencies were (estimated from

SE = 0.0348) for n values of 1, 2 and 3, 0.19, 0.13, and 0.11 respectively.
b The ranges per serum of titre and of relative potencies are:

R A E
Mrum

G C D
Ranges of titre 1.59 1.25 1.15 1.62 1.96 1.48
Ranges of relative potencies 0.66 0.66 0.82 1.09 1.16

c The significance of the deviations of R potencies (from zero for sera A and E, or from the over-all average for sera G, C
and D is shown by asterisks - *, ** and *** indicating that the deviations exceed the 5 %, 1 % and 0.1 % limits of significance,
respectively.

d For sera A-G the italic figure in brackets to the right of the relative potency indicates the number of tests (n) when different
from 1.

connexion it is of importance to see that the similar
variance estimated with 24 degrees of freedom from
all five test sera has the same surplus variance.

It turns out that although there is a clear relation
between challenge dose and R titres, it is more

profitable to eliminate the variation between days
and laboratories by estimating the relative potencies
than by performing a correction based on virus doses.
Even the correction by means of relative potencies

leaves an unexplained variation which appears in
practically all laboratories in connexion with all
sera; it is to some extent sporadic.

Diluent
Four laboratories (1, 2, 4 and 5) compared the

influence of various normal sera on the virus titre
(Table 9). Seven different sera as well as bovine
albumin and saline will, when used as diluent,
result in a higher virus titre than when serum 6440
is used, although all eight sera were non-reactive in
ordinary protection tests. It is likely that serum
6440 contains some virus-inhibiting substance or
substances.
The results clearly demonstrate the importance

of having a diluent that has no inhibitory effect on
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TABLE 8
ANALYSIS OF VARIANCES IN NEUTRALIZATION TESTS, SHOWN AS VARIATION IN
TITRES FOR VIRUS (V) AND SERA R AND L AND VARIATION IN RELATIVE POTENCY

BASED ON R VALUES FOR SERA L AND TEST SERA A, E, G, C AND D a

s' values x 10'
Laboratory V R R-0.45.V| L R-L R-Tb

1 586 [2] 381 [2] 355 (2] 337 [2] 965 [2]
2 1250 [1] 2 048 t1] 13 (1] 2381 (1] 165 [3]
3 4 715 [2] 57 [2] 25 [2] 17 t2] -

4 3018 t2] 143 t2] - - 14 t3]

5 1 995 [2] 525 [2] 2 743 [2] 1 393 [2] 285 (3]

6 297 [2] 475 [2] 1117 [2] 346 [2] 1 092 [4]
7 1643 (4] 1434 [4] 1170 (3] 191 [3] 488 [3]

8 1 463 [4] 2 588 t4] - - 976 t5]

9 2 113 [1] 8 [1] 481 [1] 365 [1] 85 [1]

Average (weighted) 1 850 (20] 1 065 [20] 728 (19] 960 [13] 577 (13] 588 [24]

Variances due to
experimental error 303 149 210 c 149 298 348

Surplus variance 1 547 916 518 j 811 279 240

a The italic figures in brackets indicate the degrees of freedom.
b R-T stands for the difference between ths R value and the values for the test sera A, E,

G, C and D; the variances per serum are not significantly different-A: 389 [6]; E: 689 [3]; G: 8(1];
C: 810 [7]; D: 505 [7].

c 149+0.45' x 303.

the virus. As normal sera obviously vary in this
respect, the use of bovine albumin seems to be
preferable.

General
The titre variation found for the proposed

reference serum (R) was not high (Table 7).
Serum A (a coded sample identical with the pro-

posed reference serum) had, as was expected, a

relative potency varying at random around 0.
However, serum E (also a coded sample of serum R,
but initially diluted 1: 4) showed, allowing for this
dilution, a relative potency of -0.11. This figure
has a standard error of 0.055, and is significantly
different from 0 at the 5% level.
The unexpectedly low value, some 20% below the

expected value, most probably reflects a reduction
in antibody concentration due to the freeze-drying
of the diluted serum in combination with a minor
error in its preparation.
The mean relative potencies for all laboratories

and sera are also found in Table 7. The sera G, C

and D contained antibody against yellow fever.
All laboratories agreed that serum C had a lower
potency than sera G and D, which were both less
reactive than serum R.

TABLE 9
DIFFERENCES IN VIRUS TITRES DEPENDING ON THE USE
OF DIFFERENT NON-REACTIVE SERA AS DILUENTS

IN NEUTRALIZATION TESTSa

Average differences in virus titre
Average

Lab. virus titre, 5 local sera S Monkey Bovine
serum 6440 (1-3 per erum serum ( albumin b)Iab.) H eu or saline b

1 6.4 [1] 0.4 [1]
2 5.6 [4] 1.2 (2] 1.0(3]
4 6.4 [6] 0.4 [5] -0.1 [3] 0.6 (3] 1.0 [3]
5 5.6 [3] 0.6 [2] (0.6) b [3]

a All differences are expressed as relative to results for
serum 6440. Italic figures in brackets indicate the number of
tests included in the averages.

b Only Lab. 5 tested saline as diluent.
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TABLE 10
LOG RELATIVE POTENCIES OBSERVED IN COMPLEMENT-FIXATION

AND HAEMAGGLUTINATION-INHIBITION TESTS a

Complement- Haemagglutination-i nhibition
fixation

Lab. 5
Range

Yellow fever strain (excl.
Lab. 9 Lab. 10 French Lab. 9 Lab. 10 Lab. 11 Lab. 9)

17D iss neuro-
ic_

Log titre: R 1.30 1.96 2.51 2.66 2.66 2.81 3.41 2.66 1.45

Log potency relative to R:

A 0 -0.61 -0.46 0.15 0 0 0.76

E b 0.10 -0.21 -0.21 0.85 0.24 0.09 -0.20 -0.06 1.06

G -0.23 -0.31 0.15 0.15 0.30 0.15 0.61

C <-1.36 -0.91 <-1.66 -1.36 -1.81 -1.21 0.90

D <-1.36 -0.91 -1.06 -1.36 -1.21 -0.91 >0.45
-1.36

F <-1.36 -1.51 -1.66 -1.36 -1.81 -0.76 1.05

B -1.51 <-1.66 <-1.66 <-2.11 <-1.36
<-1.51 -1.36 <-1.66 <-1.66

6440 <-0.60 <-1.51 <-1.66 <-1.66 -0.91 <-1.36
<-1.51 -1.66 -1.66 <-1.66

L 5 -0.31 -0.16 -0.15

L9 0.39 0

L1O 0.41 >0.90

LII 0.45

a Values marked < correspond to cases with no antibody effect in first dilution tested:
Lab. 9, CF 1/4
Lab. 10, CF 1/4, HA 1/20
Lab. 5, HA 1/10
Lab. 11, HA '/lo or L/,o.

b Corrected values.

In five of 24 cases, the means deviated significantly
(P <0.05) from the over-all mean for the serum in
question. These deviations were of a sporadic
character. If the surplus variance found in Table 8
is taken into account, all deviations except that for
serum G in Laboratory 5 remain significant at the
5% level.
The expectation that two sera (F and B) had no

yellow fever antibodies was confirmed by the lack
of protection in the neutralization tests; an estimate
of the survival time showed no difference from that
found for mice receiving virus without addition of
protective serum.

RESULTS WVITH OTHER METHODS

The results with the other methods used in this
study (complement-fixation test, haemagglutination-
inhibition test, and two modifications of the plaque
count technique) are set out in Tables 10 and 11.

Complement-fixation test
Generally the CF tests corroborated the results

obtained in the neutralization tests, but the sen-
sitivity was considerably lower. Minor variations in
technique and complement dose did not affect the
results significantly.
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TABLE 11
TITRES AND RELATIVE POTENCIES OBTAINED WITH
PLAQUE COUNT TECHNIQUE IN LABORATORY 11 a

Plaque Plaque
\ OQ~ t \reduction neutralization

test test

Log potency
relative to R 2.81 3.91

A 0 0

E b -0.51 0.10

G 0 0

C -0.61 -0.60

D -1.21 -1.20

F -1.21 -2.71

B <-1.21 -3.01

6440 <-1.21 <-3.01

L 0.60 0

a Values marked < correspond to cases with no antibody
effect in first dilution tested-1/4, in plaque reduction test, l/8 in
plaque neutralization test.

b Corrected values.

Haemagglutination-inhibition test
One laboratory used three different yellow fever

antigens, and two laboratories examined the speci-
ficity of the method by also using antigens made from
nine other arboviruses. The variability seems to
be higher than for the CF technique, but the sen-
sitivity is comparable to that found in the neutraliza-
tion test. The sera with no detectable antibody in
the neutralization test showed HI titres around 1.00.
Most of the sera, including serum R, also reacted
with other antigens of the arbovirus group.

Plaque count test

The plaque neutralization tests had the greater
sensitivity (Table 11) but an estimate of the varia-
bility of the two methods was not possible. The tests
showed an antibody content in sera that were
negative in the neutralization tests.

COMPARISON OF METHODS

A general comparison of the results of the neu-
tralization and other tests is given in Table 12.
The four methods show different sensitivities, with

log titres increasing from the CF tests through the

TABLE 12
COMPARISON OF RESULTS FOR COMPLEMENT-FIXATION, HAEMAGGLUTINATION-
INHIBITION AND PLAQUE COUNT TESTS WITH THE NEUTRALIZATION TEST RESULTS,
SHOWN AS AVERAGE TITRES (SERUM R) AND RELATIVE POTENCIES BASED ON

R VALUES

Methods a

Complement- Haemagglutina-Cfoimxa!ten t|tion-inhibition
(Lab. 1t0) test

(Lab. 5, 10, 11)

Plaque
neutralization

test
(Lab. 11)

1.96 2.78 3.91 2.29

0

-0.21

-0.23

<-1.36

<-1.36
-1.36

-0.18

0.12

0.09

<-1.39

-1.09

a For values marked <, see Tables 10 and 11.
b Corrected values.

Neutralization
titre in mice
(Lab. 1-9)

G

C

D

0

0.10

0

-0.60

-1.20

0.05

-0.12

-0.93

-1.37
.4

-0.70

F <-1.36 -1.42 -2.71

B <-1.66 -3.01

6440 (<-1.59) <-3.01
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neutralization and HI tests to the plaque count
methods. The increases in mean titres from method
to method are of 0.33, 0.49, and 1.13 respectively,
corresponding to titre ratios of 2, 3 and 13.
The relative potencies for sera A and E (which are,

respectively, identical with and a dilution of serum R)
show only random variation with values between
-0.21 and 0.12.
The in vitro methods agree well between them-

selves with a range per serum of log relative potencies
from 0.18 to 0.37; the only exception is the plaque
count test for serum C, which had a much higher
value than expected.
The in vitro methods disagree to some extent with

the neutralization tests, as the CF and the HI titre
for sera D and G deviate from the neutralization
titre by -0.50 and 0.80 respectively.
These systematic differences may indicate the

existence of different antibody components in the
different sera.
A well-defined antibody effect was found in only

two of the three non-immune sera: haemagglutina-

tion and plaque methods for serum F, plaque
method for serum B.

THE PROPOSED REFERENCE SERUM

The contents of ampoules varied after freeze-
drying around 71.5 mg with an acceptable standard
deviation of 3.4 mg. The ampoules were sealed under
vacuum.
The thermostability at 37°C and 56°C was sufficient

to meet all practical requirements, as the titre
reduction at 56°C (14 days) was 0.26, while at 37°C
(73 days) there was no significant reduction.

ESTABLISHMENT AND DEFiNITION OF UNITAGE

The WHO Expert Committee on Biological
Standardization (1963) has established the proposed
reference serum as the International Reference
Preparation of Anti-Yellow-Fever Serum, and
designated the activity contained in 0.5 mg of the
International Reference Preparation as the Inter-
national Unit of Anti-Yellow-Fever Serum.

RlESUMIt

Conformement ZA la decision du Comit6 d'experts de la
Standardisation biologique (1957), des mesures ont et6
prises pour la mise au point d'une preparation inter-
nationale de ref6rence de serum antiamaril.
Des serums provenant de singes immunises avec la

souche pantrope Asibi de virus amaril ont ete reunis,
repartis en ampoules et lyophilis6s au laboratoire du
West African Council for Medical Research, au Nigeria.
Ce s6rum de r6ference propose a ete examine parallelement
A d'autres serums antiamarils et A deux serums provenant
d'individus sans ant6cedents de fievre jaune ni de vaccina-
tion, au cours d'une 6tude collective effectuee par onze

laboratoires. La principale methode utilisee a ete l'epreuve
de neutralisation recommandee par le Comite d'experts
du Vaccin antiamaril (1957). De plus, dans certains labo-
ratoires, on a pratique les reactions de fixation du compl-
ment et d'inhibition de l'hemagglutination, ainsi que deux
variantes de l'epreuve d'inhibition de formation des
plages.

D'apres les durees de survie observees dans les epreuves
de neutralisation, on ne peut raisonnablement considerer
comme specifiques que les morts survenant entre le 40 et
le 10e jour, en general, et entre le Se et le l0e jour, pour
certains laboratoires. Les differences de pente des courbes
dose-reponse, observees entre certains laboratoires et pour
certains serums, peuvent s'expliquer en partie par les
diff6rences dans les techniques de preparation des dilu-

tions de serum, la pente s'aplatissant lors de la mesure de
petits volumes de serum.
On a not6 que les titres du serum de reference propos6

dependaient dans une certaine mesure de la dose du virus
d'epreuve. En fixant celle-ci a 100 unit6s DL50 (sur la base
d'une pente evaluee A -0,33 pour la dependance en
question), on a observ6 une diminution de 30% de la
variance pour un meme laboratoire. La meilleure dimi-
nution de cette variance (46 Y.) a ete obtenue en utilisant
la notion d'activites relatives.
On a constate, en prenant differents serums normaux

pour faire les dilutions necessaires au titrage du virus, que
certains serums avaient un effet inhibiteur sur la croissance
du virus. On propose d'utiliser l'albumine bovine comme
agent de dilution.

Les essais in vitro ont montre que la sensibilite de la
reaction d'inhibition de l'hemagglutination est presque
identique A celle de l'6preuve de neutralisation, alors que
la reaction de fixation du compl6ment est moins sensible
et que les epreuves de neutralisation des plages le sont
un peu plus. On n'a pas 6value la variabilit6 de ces
epreuves. Les serums ou l'on ne pouvait pas d6celer
d'anticorps par l'epreuve de neutralisation avaient sou-
vent in vitro un titre logarithmique aux environs de 1,0.
Une vue d'ensemble du travail, permettant la comparaison
des r6sultats obtenus au moyen des diff6rentes epreuves,
figure sur l'un des tableaux qui accompagnent cet article.
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La marge de variation du contenu des ampoules et la
stabilit6 a la chaleur du serum de ref6rence propose ont
6t6 jug6es suffisantes pour l'usage courant.
Le serum de reference propose a et6 constitue en pre-

paration internationale de ref6rence de s6rum antiamaril
et l'unit6 internationale de s6rum antiamaril d6finie
comme F'activit6 de 0,5 mg de la preparation internatio-
nale de ref6rence.
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Annex

CALIBRATION OF NATnONAL STANDARDS OF REFERENCE PREPARATIONS
OF ANTI-YELLOW-FEVER SERUM

The calibration of material to serve as a national
or local reference serum may be done as outlined
below.
An immune serum against yellow fever of a

suitable strength is selected, dispensed in ampoules
in reasonable amounts, and freeze-dried.
The International Reference Preparation con-

tained in one ampoule is reconstituted in 1.0 ml of
distilled water and further diluted with 13.3 ml of
saline which is first used to wash the ampoules four
or five times. The final volume is 14.3 ml con-
taining 10IU per ml. The proposed national reference
preparation is also reconstituted and diluted to
contain a known number of milligrams per millilitre.
In the following example 10 mg per ml is selected.
The two preparations are compared in a protection

test against 100 LDI0 of yellow fever virus in mice
weighing 18 g to 20 g; 12 mice are used per dose of a
twofold dilution row.

Deaths are recorded on each of the 12 observa-
tion days.
The comparison is performed in at least three

testing periods, using a fresh virus suspension from
the deep-freeze for each period.
The number of deaths recorded on the fourth to

tenth days inclusive is used as the observation 1 and
a log titre is estimated per day and per serum, using,
for instance, the Karber principle. Furthermore, an
estimate of the slope of the dose-response curve
should be obtained, for instance, by a graphic
method. If the slopes are in agreement, an average
potency is estimated rendering it possible to estimate,
in milligrams, the equivalence to the International
Unit of the proposed national reference preparation,
as shown in the following example:

Log titres
Int. Ref. Prop. Nat. Relative
Prep. Ref. Prep. potency

dil. 1/1.43 dil. 10 mg/ml
(10 IU/ml)

Day 1 2.01 2.14 0.13
Day2 1.98 2.20 0.22
Day 3 2.07 2.26 0.19
Average 2.02 2.20 0.18

(antilog: 1.513)

The results obtained show that 10 IU/ml of the
International Reference Preparation has a pro-
tective effect equal to 10 mg per 1.513 ml of the
proposed national reference preparation. Hence
0.66 mg of the proposed national reference prepara-
tion is equivalent to 1 IU.

1 Should the distribution according to day of death show an accumulation on the fourth day, indicating that
these deaths are non-specific, all deaths on that day must be disregarded.
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