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INTRODUCTION

The infectivity of an influenza virus preparation has commonly been measured by
determining the 50 %, infectivity dose in fertile eggs. This method can yield quite
consistent and reliable results (Knight, 1944 ; von Magnus, 1951 a), but is laborious
and expensive.

Fulton devised an ingenious test (Fulton & Armitage, 1951) in which small pieces
of chorio-allantoic membrane were substituted for whole eggs. The membrane
was removed from an egg and washed, and then while floating in a Petri dish of
saline, it was cut into about twenty-five pieces of approximately 12 x 12 mm.
One piece was placed in each of a series of cups in a special perspex tray, together
with 1 ml. of a glucose-buffered salt solution and two drops of the appropriate
virus dilution. The tray was rocked in an incubator at 36° C. After 60 hr., the
pieces of membrane were removed, and the fluid in each depression was tested for
haemagglutinins. From the proportion of fluids containing haemagglutinins at
each virus dilution, a 509, infectivity titre was calculated. This method gave re-
sults consistent with those of egg titrations, and was much more economical. But
unfortunately cutting the chorio-allantoic membrane pieces proved laborious, and
there was little saving in time.

In this laboratory, a technique for infectivity tests has been developed which is
derived from that of Fulton, but allows rapid and large scale working and uses
ordinary laboratory equipment. In particular, the chorio-allantoic membranes are
cut into suitable pieces while still lining the inside of the shells. About thirty
pieces of shell with the chorio-allantoic membrane still attached (membrane pieces)
can be cut rapidly from each egg, and are used in this form in titrations. The method
has proved reliable and economical in more than 12 months of use, and is described
in detail in this paper.

* Formerly of the External Staff of the Medical Research Council. Present address:
Research Department, I.C.I. Pharmaceuticals Division, Alderley Park, Macclesfield,
Cheshire.
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MATERIALS
. (1) Solutions
(@) Buffered modified glucosol, pH 6-8 (Fulton & Armitage, 1951). Equal volumes
of sterile modified glucosol and of phosphate buffer, pH 6-8 are mixed. It has been
found convenient to make up bulk concentrated solutions as follows:
(i) Modified glucosol (ten times concentrated solution)

NaCl 160 gm.

CaCl, 4-0 gm.
MgCl,.6H,0 10-0 gm.
Glucose 20-0 gm.

Made up with distilled water to 2 1.

400 ml. amounts are autoclaved at 10 lb pressure for 20 min. in screw-capped
bottles. When required, the contents of one bottle are diluted with distilled water
to give a total of 4 1. of modified glucosol. This is dispensed in 250 ml. amounts
and again autoclaved.

(ii) Sodium phosphate (ten times concentrated solution): 94-73 gm. of
Na,HPO, are made up to 2 1. with distilled water, and distributed in five bottles of
400 ml. each, which are stored at 4° C.

(iii) Potassium phosphate (ten times concentrated solution): 90-78 gm. of
KH,PO, are made up to 2 1. with distilled water, and distributed in five bottles of
400 ml. each, which are stored at 4° C.

(iv) Phosphate buffer (pH 6-8):

Sodium phosphate concentrate ((ii) above) 400 ml.
Potassium phosphate concentrate ((iii) above) 400 ml.
Distilled water 3200 ml.

250 ml. amounts are autoclaved at 101lb. for 20 min. Sometimes a slight pre-
cipitate develops after autoclaving, but this does not seem to affect the results.
(b) M/100 phosphate-buffered saline (pH 6-8): 400ml. phosphate buffer
(pH 6-8)+ 2267 ml. 0-85 9, chloride solution. Approximately 400 ml. amounts in
screw-capped bottles are autoclaved at 10 lb. for 20 min.
(¢) Concentrated antibiotics solution:

(i) 1 gm. streptomycin base is dissolved in 5 ml. m/100 phosphate-buffered
saline, and distributed in 1 ml. amounts in screw-capped bottles. These are stored
at 4° C. for not longer than one month before use.

(ii) 1 mega unit of crystalline penicillin G is dissolved in 19 ml. M/100 phos-
phate-buffered saline, and added to 1 ml. of the stock streptomycin concentrate.

The final concentrated antibiotics solution contains 10,000 ug. of streptomycin
and 50,000 units of penicillin per ml. It is used after storage at 4° C. for not
more than 7 days.

(d) 109%, horse serum-saline:

50 ml. of sterile (filtered) horse serum + 450 ml. 0-85 %, saline. This is dispensed
with a sterile automatic pipetting syringe in 4-5 ml. aliquots into ‘bijou’ (6 ml.)
screw-capped bottles, and frozen at — 15° C. until required.
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Ten-fold and four-fold virus dilutions are made by adding respectively 0-5 ml.
or 1-5 ml. of virus suspension to 4-5 ml. of serum saline, and mixing by inversion
ten times.

(2) Glassware

A test tube (5 x £ in.) is used to hold one membrane piece and 1-5 ml. of buffered
modified glucosol. The tubes are initially cleaned in a sulphuric acid-potassium
dichromate bath and thoroughly rinsed. Thereafter, they are merely washed out
with tap water and drained dry between tests. The tubes are not closed individually
with any form of stopper during titrations.

(3) Baskets

Ordinary laboratory wire mesh baskets, 6 x 6 x 6 in., are labelled on their fronts
with identifying numerals. Each holds 100 tubes in 10 rows of 10, separated by
partitions 5 x 4 in. high, cut from tin plate. Between the third and fourth rows, fifth
and sixth rows and eighth and ninth rows, (numbering from the back), there
are higher partitions, with tops painted distinctively to aid quick identification
of the rows. A loose-fitting flanged tin plate lid rests on and covers the mouth
of the tubes. The baskets with lids in position are sterilized in the hot air oven
at 160° C. for 1 hr. before use.

(4) Shaking machine

A } h.p. electric motor is connected through a belt and pulley reduction drive
and an eccentric arm to a trolley. This was built from ‘Meccano’ and runs hori-
zontally on ten flanged wheels resting on guide rails. It is pulled backwards and
forwards 105 times per minute through a horizontal distance of 1-8 in. Mounted
on it is a 20 in.-long platform inclined at 15° to the horizontal. The baskets are
placed on this platform fronts uppermost, so that the long axes of the tubes are
parallel with it. The tilt of the platform was chosen so that, during each to-and-fro
cycle of the machine, there was as great a flow of the fluid up and down the tubes
as could be obtained without any danger of spilling. Probably any robust labora-
tory shaker could be used if a suitable inclined platform is mounted on it.

(5) Virus strains

The D.S.P. strain of influenza A virus (Hoyle, 1948) was used principally, but
experiments with a PR 8 strain of influenza A and a Lee strain of influenza B are
also described.* Many titrations were carried out with samples of virus diluted
1/10 in horse serum (previously heated at 56° C./} hr.), and after rapid freezing
stored in hard glass ampoules at —70° C. A new ampoule was used for each
titration.

(6) Eggs

Fertile eggs from a single pedigree flock of White Leghorns were used through-
out. They were incubated for 13 days before use, unless otherwise stated.

* We are indebted to Dr W. Henle of the Children’s Hospital, Philadelphia, U.S.A., for
providing these strains.
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(7) Infectivity titrations in eggs, haemagglutinin titrations, etc.

. These and other techniques employed have been described recently (Finter &
Beale, 1956; Beale & Finter, 1956).

PROCEDURE
Preparation of membrane pieces and inoculation of virus

The test will be described as it has usually been carried out, with 600 pieces of
chorio-allantoic membrane cut from twenty thirteenth-day eggs.

Sterile equipment and chilled sterile solutions are used. 500 ml. of modified
glucosol and 500 ml. of phosphate buffer (pH 6-8) are mixed, and 10 ml. of the
concentrated antibiotics solution are added. This gives 11. of buffered modified
glucosol, with 500 units of penicillin and 100 ug. of streptomycin per ml. With a
sterile automatic pipetting syringe 1-5 ml. is added to every tube in six baskets.

The entire surface of the shell of each egg is wiped lightly with a cotton wool
swab, which has been soaked in 70 9, alcohol and squeezed nearly dry. A disk of
shell about 1 in. in diameter is cut away at the pointed end with sterile scissors,
and the contents of the egg are carefully decanted, leaving the ‘parietal’ chorio-
allantoic membrane still lining the inside of the shell. After draining on a sterile
egg card, the membrane is washed once in situ by filling the shell with chilled
M/100 phosphate-buffered saline and decanting. Then starting from the cut edge,
a strip of shell 7-8 mm. in width, and with the chorio-allantoic membrane still
attached, is cut spirally from the egg. From time to time this strip is cut into
lengths of about 25 mm., and the rectangles of shell and membrane (membrane
pieces) fall into a Petri dish containing 20-30 ml. of buffered modified glucosol.
Between twenty-five and forty pieces are obtained from an egg, with an average of
over thirty. All pieces from one egg are put into one Petri dish, and the dishes are
numbered from 1 to 20 corresponding to the twenty eggs. The membrane pieces
are added to the tubes in a systematic manner. Starting with Petri dish no. 1, one
membrane piece is put into each of the ten tubes in the first vertical column
of baskets I, IT and III, a total of thirty tubes (see Table 1). Similarly, one
membrane piece from Petri dish no. 2 is added to each tube in the second column
in these three baskets, and so on until those from dish no. 10 go into the tenth and
final column. Thus in each horizontal row, the first tube contains a membrane
piece taken from the first Petri dish (i.e. egg 1), the second tube a piece from egg 2,
the third from egg 3, etc., and all thirty rows in these three baskets contain
replicate sets of membrane pieces. The membrane pieces from eggs 11-20 are
similarly dispensed into baskets IV, V and V1.

The membrane pieces are transferred from the Petri dishes to the mouths of the
tubes with fine pointed forceps, only the edge of the piece being grasped. From
time to time each basket is gently rapped against the bench, until the membrane
pieces slide right down and are immersed in the 1-5 ml. of fluid at the bottom of
the tubes. This is checked by examining the tubes through the wire mesh bottom of
the baskets, since it has been found that after more than a brief period out of
fluid, virus multiplication in membrane pieces is impaired. It has proved con-
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Table 1. Layout of experiment for testing reproducibility of titration method
(see text for explanation)

No. of egg from which all Replicate
membrane pieces in vertical sets from
columns derived eggs nos. 1-5.
Log of - A —  Positive Titre (log MP,,
Row virug dilution 1 2 3 4 5 6 7 8 9 10 score (n=5) per drop)
1 —87 00 0 + O 1
2 —81 00 0 0 O 0
3 —17-5 + 4+ 0 0 0 2 7-44
4 —69 + 4+ + o+ + 5
5 63 bt o+ Basket I
6 —-87 0 0 0 0 O 0
7 —81 0 0 0 0 O 0
8 -5 + 0 0 + + 3 7-56
9 —-69 + + + + + 5
10 — 63 + 4+ + + + 5
1 — 87 00 0 0 O 0
2 —81 0 0 0 0 O 0
3 —-175 + 0 0 + 0 2 7-44
4 —6-9 + + + + + 5
—6 5
5 63 + + + + + Basket 1T
6 —-87 00 0 0 O 0\
7 —81 00 0 + 0 1
8 —17-5 0 + 0 0 0 1 7-42
9 —6-9 + + + + + 5
10 —6-3 + + + + + 5
1 — 87 00 0 0 O 0
2 —81 00 0 0 O 0
3 —-7-5 0 + + 0 0 BasketIII 2 732
4 —6-9 0 + + + + 4
5 — 63 + + + + + 5
Front five rows not
used in this experiment.
Egg no.
f—j%'\
Dilution 1 2 3 4 5
—87 00 01 0
—81 0 0 0 1 O] Results in tests with individual
—-75 3 31 21 eggs (n=2>5)
—6-9 4 5 5 5 5
—6-3 5 5 5 5 5
Titre (log MP, 7-44 7-32 7-32
per drop) 7-56 17-57

The layout with baskets IV, V and VI was exactly comparable, but with pieces from eggs
11-20. + =positive haemagglutination in tube at harvest. 0 =negative haemagglutination
in tube at harvest. »=number of membrane pieces used to test each virus dilution. MP,,=
509, membrane piece infactivity dose.
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venient to dispense membrane pieces from two Petri dishes at a time, filling
adjacent vertical columns and tapping them down in each basket in turn. If less
than thirty suitable membrane pieces are obtained from any egg, surplus pieces
from other eggs are used to make up the deficiencies.

When every tube in a basket has received its appropriate membrane piece, the lid
isflamed and replaced, and the basket put at 4°C. until the virus dilutions are added.

Dilutions of the virus preparations are made in 109, serum saline, with five
four-fold steps over the appropriate range when the approximate titre of the pre-
paration is known, but otherwise five ten-fold steps. Starting with the greatest
dilution of the first virus preparation, a single drop (0-025 ml.) is added with a
calibrated dropping pipette to each tube in the first horizontal row of basket I.
With the same pipette, drops of the remaining dilutions are in turn added to the
second, third, fourth and fifth horizontal rows of this basket. With another
dropping pipette the five dilutions of the second virus preparation are similarly
added to rows 6-10 of this basket. Table 1 illustrates the layout for five titrations
of a single set of virus dilutions (these are discussed below in connexion with the
reproducibility of the results). After the dilutions have been added, the basket
lid is flamed and replaced. The basket is put on the inclined platform of the shaking
machine in the 37° C. hot room, and the motor switched on. Dilutions of the next
two virus preparations are made and similarly added to the next basket, and so on
in turn with the remaining baskets and virus preparations. If each dilution is to
be tested in twenty membrane pieces, two baskets containing pieces from eggs
1-10 and 11-20, respectively, are used, and the dilutions are added to corres-
ponding rows in the two baskets. After 18-30 hr., the baskets are removed from
the machine and stood upright so that the tubes are vertical and the membrane
pieces immersed in the fluid. They are left at 37° C. for a total of 66-72 hr. after
addition of the virus dilutions.

Hayrvesting

Each tube is removed in turn, and the fluid decanted into a similar clean tube,
which is returned to the same position in the basket. When all the tubes have been
harvested, one drop (0-03 ml.) of a guinea-pig red cell suspension (3 ml. of washed
and packed red cells + 21 ml. of saline) is added to every tube. The baskets are
shaken vigorously and then left undisturbed for 11 hr. at room temperature on a
plate glass platform. The tubes are now transilluminated from above, and the
number in each row with positive patterns of haemagglutination are observed in an
inclined mirror placed under the baskets. Tubes with difficult or doubtful patterns
of agglutination are removed and examined individually, and if there is still doubt
(as occurs with less than 19, of tubes) are counted as negative. From the percent-
age of tubes with positive patterns of haemagglutination after each dilution of
virus, an estimate of the infectivity titre in 509, membrane piece infectivity
doses (MP,;) per drop (0-025 ml) is calculated by the three-span moving average
method of Thompson (1947), most conveniently using the tables of Weil (1952).
For part of the analysis of the present data, a simplified form of probit analysis
(Berkson, 1955) has been used; the MP;, estimates by the two methods agree
closely. Results are usually expressed as MP,, per ml.
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Washing up

(a) Tubes containing membrane pieces (left behind when fluids decanted at
harvest): the membrane pieces are shaken out, and the tubes ringed three times in
tap water and drained dry. After being heated in the hot air oven to destroy any
remaining virus, they are used to receive the fluids decanted when the next
experiment is harvested.

(b) Tubes containing the decanted fluid and red blood cells: these are washed
out in the baskets with a jet of water from a glass tube, which is pushed down to
the bottom of each tube in turn. After draining dry while inverted, the baskets
are sterilized in the hot air oven with their lids in position, ready for use in the
next set of titrations.

Time required to perform titrations

About 1 hr. has generally been required for two workers to set up a test with
six baskets of 100 tubes, each containing a membrane piece and glucosol.

With the 600 membrane pieces, obtained from 20 eggs, a number of virus pre-
parations ranging from 24 (with n = 5%*) to 3 (with » = 40) can be tested in parallel,
depending on the reliability desired for the results.

It has also generally taken one hour for two workers to harvest such a test, add
cells, read results, and wash up all glass-ware concerned.

Comments on the final technique adopted
(1) Bacterial contamination

The egg shells are handled and cut up with freshly washed, but ungloved hands,
and the Petri dishes and tubes containing the membrane pieces are exposed to
the air for varying periods of time. Nevertheless, trouble has not been encountered
from growth of bacteria, presumably because of the large amounts of penicillin
and streptomycin in each tube. Subcultures from the tubes on to blood-agar at
the time of harvest have yielded no growth of bacteria. The amounts of anti-
biotic drugs used appear not to inhibit virus multiplication. In an experiment
the same final concentrations of haemagglutinins were found in tubes containing
the usual amounts of penicillin and streptomycin, and in parallel tubes with
twenty-five times smaller amounts, and no bacterial growth was observed in
blood-agar subcultures from either set of tubes. Slight growth of moulds occurs
usually in about 5 9, of tubes, but without seeming to interfere with virus multipli-
cation or the formation of haemagglutinins.

(2) Age of eggs

Eggs which have been incubated for 13 days are most suitable for titrations of
the D.S.P. and PR 8 strains of influenza A virus. When six preparations of D.S.P.
virus were titrated in parallel in membrane pieces cut from thirteenth- and

* n=number of membrane pieces used to test each virus dilution. Data on the minimum
significant differences between 50 %, end-points are given in Table 3.
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fifteenth-day eggs (n=10, d=0-6* for each), the titres were all lower with the
fifteenth-day eggs, the mean difference being 0-49 log units. In a similar experi-
ment, there was no significant difference between the results with membrane
pieces from twelfth- and thirteenth-day eggs. Moreover, the chorio-allantoic
membrane of a twelfth-day egg is liable to separate from the shell when mem-
brane pieces are cut. However, with the Lee strain of influenza B virus, much
more consistent results, and titres some seven to ten times higher, have been
obtained with membrane pieces from twelfth-day eggs as compared with from
thirteenth-day eggs.

(3) Size of the membrane pieces

Fulton & Armitage (1951) suggest that in tests of this type, the actual size of
the membrane piece is not critical, provided it is big enough (approximately
150 mm.%). With the present technique rectangular pieces of a fairly consistent
size can be cut. The mean dimensions of twenty pieces chosen at random from a
batch of 600 were 25:2x7-0 mm. (mean area=177 mm.?, standard devia-
tion = 20-8 mm.2). Wider pieces will not fit in the tubes used. Assuming that the
cells of the entodermal layer of the allantois are 10 & in diameter (Henle, 1950),
a membrane piece will on the average contain about 1083 cells.

(4) Selection of membrane pieces

The Lee strain of influenza B apparently multiplies equally in allantoic and
chorionic cells (Tamm & Tyrrell, 1954). In contrast, influenza A virus adsorbed to
cells of the chorion only gives rise to small amounts of further infective virus
(Fulton & Isaacs, 1953). Therefore, when membrane pieces are cut, if the chorio-
allantoic membrane separates extensively from the underlying shell membrane
of any one, with consequent exposure of its chorionic surface, this is not used for
titration. But when dilutions of a D.S.P. virus preparation were titrated using
pieces of chorio-allantoic membrane which had been deliberately detached from
membrane pieces, the titre obtained was only 0-5 log lower (with n=20; d=0-6)
than when the same dilutions were titrated with membrane pieces as usual.

(5) Agitation of the tubes

Fairly vigorous agitation is necessary for at least a short time after adding virus
to the tubes, or irregular results and lower titres are obtained. The adequacy of
the shaking in the standard technique was checked in the following experiment.
Five dilutions in four-fold steps of a standard virus preparation were each added to
two rows of tubes in six baskets. Two baskets were placed on the platform of the
shaker as usual, with their tubes inclined at 15° to the horizontal. Another two
baskets were mounted with the tubes inclined at only 5°, so that at each to-and-
fro cycle of the platform, the fluid ran up and down them considerably more than
usual. The titres from the two pairs of baskets were respectively 10%% and
1088 MP, /ml. (n=40; d=0-6). Thus increased agitation led to no apparent in-

* d=the log dilution step.
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crease in titre. The remaining two baskets were placed on the machine with their

tubes sloped at approximately 25° to the horizontal. There was consequently less
agitation than usual, and a slightly but significantly lower titre of 108% MPy,/ml.
was obtained.

Shaking baskets for more than 18-24 hr. did not improve results, and shaking for
only 6 hr. appeared to be sufficient. In an experiment, titres of 10895 and 10%5¢ were
obtained from replicate baskets shaken for 6 and 23 hr., respectively (n=40;
d =0-6). But much lower titres were obtained when baskets were not shaken at all
after adding virus, or were merely shaken vigorously by hand for a short time.

(6) Glassware

In Fulton’s technique (Fulton & Armitage, 1951), specially designed perspex
trays with drilled depressions were used to hold the pieces of chorio-allantoic
membrane. In the present study glass tubes have been preferred for this purpose,
since they are readily available, and can be sterilized by heat. Further, they permit
more vigorous agitation to be given without risk of spilling, though this occasion-
ally happened in early experiments in which shorter tubes (3 in.x }in.) were
used. In addition, glass tubes have been used to receive the fluids decanted in the
harvest. With the simple washing up procedure employed, the use of glass tubes
has involved little additional labour, and has proved more convenient than the
use of available plastic trays.

(7) Virus dilutions

In early experiments the membrane pieces were put into empty tubes, and
1-5 ml. amounts of virus diluted in buffered modified glucosol were added appro-
priately. Rather irregular results and comparatively low titres were obtained,
possibly because some drying of the membrane pieces may have occurred before
all the dilutions could be added. In addition, glucosol, which contains no protein,
is probably inferior to serum-saline as a diluent for virus preparations.

(8) Variation in the inoculum size

Radio-active methionine was added to a sample of the 109, horse serum-saline
diluent. A single drop of the mixture was delivered with a standard dropping
pipette on to each of ten metal dishes. After drying, the radioactivity of each was
measured with a Geiger counter. From the counts of the individual drops, the
coefficient of variation of the drop volume was found to be about 59,. Considera-
tion of equation (10) of Armitage & Spicer (1956) shows that a variation of this
order of magnitude in the inoculum volume will have a negligible effect on the
slope of the dose-response curve.

(9) Time of harvest

Harvests were usually made 66-72 hr. after adding virus to the tubes. With
D.S.P. virus, incubation for longer periods (96 or 120 hr.) did not lead to increased
titres, and 48 hr. of incubation was probably sufficient. In replicate titrations
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of the same preparation with n= 20 and d = 0-6, the titres obtained from harvests
at 48 hr. and at 72 hr. were 10%% and 103% MP,,/ml., respectively, which do not
differ significantly. With the Lee strain of influenza B virus, incubation for 96 hr.
was necessary.

(10) Technique of harvesting

An alternative method is to remove the membrane pieces from the tubes with
forceps, which are plunged into boiling water and cooled in chilled saline between
each tube. The red blood cell suspension can then be added to the original tubes
to test for haemagglutinins. However, with 5 x } in. tubes, this takes longer than
decanting the fluids and washing up both lots of tubes.

(11) Production of haemagglutinins in membrane pieces

After intra-allantoic inoculation of either a large or small amount of D.S.P. virus
into a thirteenth-day egg, the allantoic fluid will finally contain approximately
the same total amount of haemagglutinins (about 10%% haemagglutinin (HA)
units). The time at which the final amount is reached will, however, depend on the
inoculum size. After a large inoculum all susceptible cells in the allantoic sac
will be infected, and thus contribute to the total haemagglutinin production, more
quickly than after a small one. In terms of surface area, the allantoic cells of a
membrane piece are probably equivalent to about one-fortieth of those of the
whole allantoic sac. Thus a membrane piece might be expected to produce one
fortieth of 1042 HA units, i.e. 10>7 HA units. But even 72 hr. after a large inoculum
of virus, the 1-5 ml. of fluid in a titration tube usually contains a total of only 10>2 HA
units, and after a small inoculum, when several cycles of multiplication must occur
before all susceptible cells are infected, the final amount may be only 107 HA units.
This suggests that there is a progressive deterioration with time in the capacity
of membrane pieces to form haemagglutining, as would be expected from the
histological studies of Fulton (Fulton & Armitage, 1951). Membrane pieces may
still form haemagglutinins until between 30 and 40 hr. after adding virus, as
shown by increasing titres in the fluids, but the rate appears to be less than in the
intact egg. Possibly some of the haemagglutinins formed are adsorbed to the
external surface of the shell.

RESULTS
(A) Results with the D.S.P. strain of influenza 4 virus

Reproducibility within an experiment: results of titrations with membrane pieces from
individual eggs and from groups of eggs.

Six baskets were filled with membrane pieces from twenty eggs in the sequence
described. Five dilutions of a standard allantoic fluid preparation were made in
four-fold steps from 10-%3 to 10-87. A single drop of dilution 10-87 was added to
each tube in the first horizontal row of all six baskets, and also to each tube in the
sixth row of baskets I, I, IV and V (see Table 1). With the same dropping pipette,
the other dilutions were added in turn to the succeeding rows, until finally the

28 Hyg. 55, 3
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dilution 10-%3 was added to the fifth row of all the baskets, and also to the tenth
row of baskets I, II, IV and V. When the test was harvested, the result in each
tube, i.e. positive or negative haemagglutination, was recorded.

In the horizontal rows of tubes, the same virus dilutions were tested five times
with replicate sets of five membrane pieces derived from eggs nos. 1-5, i.e. twice
in basket I, twice in basket IT, and once in bagket ITI. The scores of positive tubes
in these five titrations are shown on the right of Table 1 together with their titres
in log MP;, as estimated by Thompson’s method. There were similarly five titra-
tions with replicate sets of five membrane pieces at each dilution derived from eggs
6-10; five from eggs 11-15; and five from eggs 16-20. The 50 9, end-points of all
these twenty titrations are shown in Table 2 4.

Table 2. Results of titrations of a single set of virus dilutions
to provide data on reproducibility

(4) Results with replicate sets of five membrane pieces (one piece in each set from each of
the same five eggs) at each of five virus dilutions.

Eggs nos: 1-5 6-10 11-15 16-20
Titre (log MP;, per drop)

7-44 7-12 7-56 7-42

7-56 7-72 742 7-44

7-44 7-40 7-20 7-68

742 7-26 7-32 7-40

7-32 7-80 7-57 7-42

(B) Results with five membrane pieces all from the same egg at each of five virus dilutions.

Titre Titre Titre Titre
Egg (log MPy, (log MP;, (log MP;, (log MP;,
no. per drop) Eggno. per drop) Eggno. per drop) Egg no. per drop)

1 7-44 6 7-00 11 7-12 16 7-44

2 7-56 7 7-72 12 7-56 17 7-40

3 7-32 8 7-42 13 7-44 18 7-40

4 7-57 9 7-56 14 7-68 19 7-40

5 7-32 10 7-80 15 7-32 20 7-68

In the vertical columns of tubes, each virus dilution was tested with five mem-
brane pieces derived from a single egg. The score of positive tubes for the titration
carried out entirely with membrane pieces from egg 1 is shown at the bottom of
Table 1, and similarly for the titrations with pieces all from egg 2, all from
egg 3, etc. The 509, end-points of the twenty titrations in individual eggs are
shown in Table 2 B.

An analysis of variance of the results in Table 24, and the corresponding results
in a second and exactly comparable experiment, provided no evidence that the
MP,, end-point varied systematically either from one group of five eggs to another
{e.g. with pieces from eggs 1-5 versus those from eggs 6-10), or between replicate
titrations with a single group of five eggs (e.g. the five titrations with replicate sets
of pieces from eggs 1-5). This was confirmed by a fuller analysis of the same data,
in which the results for individual eggs were treated separately. From the two.
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reproducibility experiments, the standard error of the 50 %, end-point of a titra-
tion with n=>5, d=0-6, is estimated (on 38 degrees of freedom) as 0-215 log units.
This standard error applies if the end-point is estimated by Thompson’s method,
and would be slightly reduced by a more efficient method such as probit analysis;
Thompson’s approximate formula for the standard error gives a pooled value of
0-24, which agrees satisfactorily with the observed value of 0-215.

The statistical analysis suggests that membrane pieces from different eggs may
be taken as equivalent in infectivity tests. There would appear, therefore, to be
no need to allocate them to the tubes systematically. Nevertheless, the procedure
described is convenient, and clearly will diminish the chance of a very low (or
high) titre due to unusually low (or high) sensitivity of pieces from one particular
egg, th