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3.5’3

TABLE IV C

Yield of Influenza Virus following Intranasal Inoculation

of Mice with Concentrated and Dilute Seed

MEL-strain (A/Australia/1935)

Inoculum:~109IDsg Inoculum:~104IDy
HA/ml  IDso/ml ID/HA ratio HA/ml IDgo/ml  ID/HA
2,92 7.75 4,83 1,93 8.38 6.45
3.19 8.30 5,11 1,81 8.33 6,52
3.28 7.25 3.97 3.0L 7 b2 4,38
3052 7.17 3o65 2.65 7‘?1 3.06
3.52 7,90 L.38 3,10 7.78 .68
2,92 8.00 5,08 2,68 8.33 5.65
2.%5 8.16 5.81 3.22 8.73 5.51
2:80 8.05 5.25 3.10 8.39 5429

Average ratio: 4,76 +0.25 Average ratio: S5.hh* 0.26

Analysis of Variance

source of variation Sum of squares Degrees of freedom Variance

Between inoculg 7.6766 1 . 7.6766
Error 1.8632 i 0.1331
Total | 9.5398 15

Variance ratio F = 57.68 ; P <« 0.001
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TABLE IV D

f Influen rus followdi Intranaga Q

of Mice th Cone rated and Dilute See

LEE=-stra B ited St 0
9 Ly
Inoculum: 10 IDSD Inoculum: 10 ID50
HA/m] IDSO/ml ID/HA ratio HA/m1 ID5O/m1 ID/HA
2493 735 h,82 2.05 7.75 5,70
2.65 7425 4.60 2423 7.30 5407
2,65 7.63 4,98 2459 7.90 5.31
2.65 7.18 4.53
2,76 7.08 4.32
2046 6.50 L, Ok
2.%9 6.83 4, Ok
20 3 7017 L}‘QBL"
Average ratio: L. 46 0,12 _ Average ratio: 5.36 20,19
a i Var

Between inocula 1.7722 1 1.7722
Error 1.0135 9 0.1126
Total 2.7857 10

Variance ratio F=15,74 0,01 P » 0,001
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TABLE IV B

Yield of Influenza Virus following Intranasal Inoculation

of Mice with Concentrated and Dilute Seed

SW-strain (Swine influenza/United States/1931

Inoculum:~l091950 InoculumrleqID50
HA/ml IDSO/ml ID/HA ratio Ha/nl IDgo/ml ID/HA

2,32 7.20 4,88 2.23 7.70 5.%3
3.28 8.25 %, 97 2,83 8.57 5.7
3.49 8.37 4,88 2.92 8.21 5.29
3.52 7.80 L,28 2.74% 8.35 5,61
2.65 7.38 4,73 2.3& 8.542 5.77
3.19 7.17 3.98 3. 8.16 5.12
Average ratio: 4,62+ 0.16 Average ratio: 5.50+0.11

Analysis of Variance

Source of variation Sum of sguares Degrees of freedom Varianc

Between inocula 2.314% 1 2,314k
Error 1.1341 10 0.1134%
Total ‘ 3.4485 11

Variance ratio F = 20,41 ; P 5 0.001
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3.53 - 3.54

seed. The infectivily titres were,however,considerably
lower than would be expected for fully active preparations
of allantoic fluid harvested at maximum activity. This
could be accounted for by two facts;

1. During the preparation of mouse lung suspen-
sions, the virus is subjected to a temperature of 37°C for
30 minutes, after grinding with alundum, fédiowed by spinn-
ing and then ampouling. These conditions will cause some
inactivation of infective virus.

2. The multiplication of influenza viruses in
the mouse lung is slower than in the chick embryo, and
inactivation of newly formed virus during this time will
give a lowered infectivity of the final yield, especially
as the temperature is higher than in egg incubators.
Nevertheless, the uniform ratio of infective dose to haem-~
agglutinin content after dilute inocula, given by the
five strains tested, provides a basis for the deteétion
of any abnormal production of either haemagglutinin or
infective virus. This average ratio of 5.46 is 0.80
logyg units (6-fold) lower than the ratio given by allantoic

fluids harvested after inoculation of dilute seed.

The results shown in Table IV indicate that
each of the five strains tested, formed incomplete virus

when inoculated intranasally into mice as concentrated
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inocula. The strains could be arranged into a gradient
according to the incomplete virus produced. PR8, WSE

> LEE, SW, MEL, The difference between the two extremes
PRS and MEL was only 5-fold and the fact that LEE formed
approximately equal amounts of non-infectious particles
in the mouse lungs as does PR8 is in striking contrast to

its behaviour in the allantoie sac.

3.55 Since the "missing factor" hypothesis could
- account for the graded production of incomplete virus in

the allantois only by postulating graded requirements for
this substanee by different strains, it follows that the
gradients should be the same whatever the host, though
quantitatively the position of the gradient may be altered.
That the gradient of the production of non-infectious
particles is different in mouse lungs and the allantoic
cavity renders this hypothesis untenable in the form

proposed.
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It has been shown in the previous chapter
that influenza viruses fﬁll into two distinct gradients
of incomplete virus production when grown in the
allantoic membrane of eggs or in the mouse lung.
Beyond demonstrating this fact the experiments gave
no further hint towards the understanding of the
phenomenon. In the absence of a better lead it
seemed profitable to look for other properties of
these viruses whieh would follow the same sequence{
Any strict correlation, positive or negative, would
considerably narrow the flield of investigation as
it would suggest either causal relationship between

the two phenomena, or point to a common mechanism.

Described by Burnet (19%5), the gradient
of édsorption of influenza viruses to red blood cells
¥receptor gradient") has been studied extensively
first at the biolegical level, (Burnet, McCrea and
Stone, 1946; Stone, 1947; Hirst, 1948; SzB1ll8ssy et
al, 195%), and then, following Hanig's (19%8) funda-
mental paper, also by biophysical means (Ada and Stone,
19%9, 1950; Stone and Ada, 1950, 1952; Stone, 1951).
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After it became possible to ﬁrepare indicator

viruses from all influenza strains (Stone, 1949a),
similar investigations were made on the interaction
of these viruses and various inhibitory mucoids.

Thus the "inhibitor: gradient" of ovarian c¢yst muein,
ovomucin and sheep salivary mucin was established by
Stone (1949b); of the urinary mucoid by Burnet (1952);
of human nasal mucus by Fazekas de St. Groth (1952);
of human salivary mucin by Curtain et al (1953) and
Marmion et al (1953). Although none of these studies
dealt with the interaction of virus and host cells as
it is being undertaken in this study, they provided
valuable technical information on which appropriate

methods can be developed.

The following sections are concerned with
designing and testing such methods, and with investie-
gating the receptor gradients of influenza strains
in the‘two host tissues in which production of incom-
plete virus has been studied, viz., the respiratory
surface of the mouse lung and the lining of the
allantoic cavity of the developing chick.
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Gradient in Mouge Lungs

dntroduction.
Hirst (1943) studied the adsorption and

elution of influenza viruses in excised mouse, ferret
and rabbit lungs. He used the two strains PR8 (4)

and LEE (B), and found marked differences in their
reaction rates. PR8B was adsorbed more quickly and
completely but did not elute as completely as LEE.

The pattern was very similar in mouse and ferret
lungs while adsorption was not as complete in rabbit
lungs, but elution could still be demonstrated. The
virus at the end of the elution period was unaltered
in haemagglutinin content and infectivity for mice,
and thus showed a closge parallel between this reaction
with cells of the respiratory tract, and fowl red
blood cells (Hirst, 1942, 1943; BjBrkman and Horsfall,
1948). The adsorption phase was démonstrable also in

the living ferret, but no elution occurred.

Stone (1948 a, b) reported the action of
RDE on the cells of the allantois and mouse lungs
in vivo. A gradient was demonstrated in the concenw
tration of RDE necessary to prevent infection by
different strains of influenza virus. The receptor-

destroying enzyme of Vibrio cholerae had no toxic
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effect for either the allantois or the mouse. Five
strains tested in the allantois could be arranged
thus LEE > BEL > MEL > 8W > CAM, in the order of their
resistance to infection after RDE treatment. The
position of CAM was not definitive as the particular
strain used was not fully adapted to allanteic growth
at that time.

RDE administered either intranasally or
inhaled as a mist, whilst not adversely affecting
mice, afforded protection varying about 100 fold
against five strains tested. The order of resistance
was different from that in the allantois, giving the
gradient SW > LEE > PR8, WSM> MEL,

Fazekas de St. Groth (1948a) reported the
artificial destruction of "receptors” in the excised
mouse lung by RDE. Using the LEB strain of influenza
virus, it was shown that suitable RDE treatment could
completely prevent adsorption of virus, and could
gquantitatively remove any virus adsorbed to normal
_lungs. These results closely paralleled those pre-
viously reported of the action of RDE on fowl red
blood cells (Burnet and Stone, 1947),

Fgzekas de St. Groth and Graham (19%9)

studied the action of potassium periodate on the



b,21 -

"receptors® of the respiratory tract of the excised
mouse lung. Hirst and Hotchlkiss (19%5) had pre-
viously reported the destruction of "receptors® on
red blood cells by concentrated prepérations of the
same chemical. Our later work demonstrated in
addition a "modifying" effect by ﬁsing more dilute
solutions, after which the adsorption of influenza
virus was unaltered, yet RDE could not remove it,
nor did spontaneous elution occur. These results
closely paralleled the IO4~ action on red blood
cells (Fazekas de St. Groth, 1949), and a variation
among several straing to periodate treatment was

again reported.

Thus PR8 and LEE have been shown to vary
in thelr adsorption-elution rates, to and from red
blood cells and mouse lung cells, and together with
several other strains, to their resistance to KIOk

and RDE treatment of susceptible cells.

It was thought that following these results
a detailed study of adsorption following periodate
treatment, and elution of wvirus by RDE may throw
some light on the present problem. The following
experiment was designed to explore this possibility.
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Mouse lungs were prepared as described in
10.42. Three changes of 0.5 ml saline were used to
wash the lungs, and the expelled fluids were disg-
carded.

(a) orptio Influenza Viru

0.5 ml volumes of saline containing various
amounts of influenza virus were drawn into groups of
3 normal lungs, 0.1 m]l expelled and again sucked
into the lung. This ensured adequate miximg of the
new fluid with the residual amount in each lung.

After 15 minutes at room temperature the fluid was

expelled from the lungs and titrated for haemagglutinin.

From these results the adsorption ability of each
strain was mezsured and the titre required to give
saturation determined.

(b) Artificial Elution by RDE.

Experiment (a) was repeated, using the
newly calculated titre of virus in 0.5 ml saline.
After this fluid was removed and kept at hoc as
Sample A for hsemagglutinin titration, the lungs
were washed twice with 0.5 ml volumes of calecium
saline and then 0.5 ml of 2-fold dilutions of RDE

in calcium saline were drawn into each lung. The
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lungs were placed in a warm-room at 37°C. After

30 minutes the fluld was expelled from the lung

and together with Sample A titrated for haemagglutinin
content. All titrations were carried out using
citrate saline as diluent in order to nullify any
action of the RDE present on the red blood cells
(Fazekas de St. Groth, 1948).

This experiment was designed to determine
what concentration of RDE was necessary to remove
all available virus adsorbed to the cells. The

minimum RDE requirement was calculated.

(¢) Periodate Treatment of Excised Lungs.

On the results obtained in (a) and (b)
a single experiment was designed. Groups of % lungs
were prepared, and 0.5 ml volumes of KIO, dilutions
were draﬁn into each. A standard experiment covered
the range from 1%5 to 15%35 in twofold steps, as
well as the interdigitating series from E%B to
“5%38 s With a double group as untreated controls.
The aspirated fluid was mixed as in (a), and allowed
to stand for 10 minutes at room temperature. ZEach
lung was then collapsed, the fluid removed, and the
lungs washed once with 0.5 ml of glycerol saline.

0.5 ml of allantoic fluid was then drawn into each
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lung and after mixing was kept at room temperature
for 15 minutes. The fluld was then expelled and
removed as Sample A, being kept at MOC until required.
The lungs were then washed once with saline and once
with caleium caline, and 0,5 ml of calcium saline,
containing 200 units of RDE was then drawn into each
lung. This amount is five times the minimum required
to remove all virus. After 30 minutes at 37°C the
fluid was expelled and kept as Sample B at 400, until
both Samples A and B were titrated for haemagglutinin,
Any lung which leaked fluid into the supporting
paraffin oil, or from which more than 0.1 ml leaked
upwards into the canule, during the experiment was

discarded.

A1l haemagglutinin titrations were carried

out using citrate saline as diluent.

The original allantoic fluid was titrated
in triplicate with Samples A and B, and any experi-
ment: in which the titre of virus eluted was signifi-

cantly different from this original was discarded.

Table I shows the details of these experi-
ments. EBach number shows the amount of adsorbed virus

after treatment with varying dilutions of periodate.
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Ali.results are given as haeﬁagglutinin
titres in log2 units. Several experiments were per-
formed with some of the strains before the range of
dilutions of KIGh

the results from these experiments have been pooled.

could be completely covered, and

The original titre of virus was calculated
from the control adsorption-elution lungs and the
titration of the initial allantoic fluid. 3By sub-
tracting each value in turn from this titre, the
amount of adsorbed virus was determined. These
values have been averaged for each treatment and
moving averages! calculated., By plotting the
%&lues obtained as "virus adsorbed after K1),
treatment! (from Saﬁple A} and “virus irremoveable
after RDE treatment" (from Sample B), it has been
possible to represeﬁt this phenomenon gréphically.
Figure 1 shows the curves obtained. Periodate treat-
ments are expressed in millimol (mM), 1.0 ml of a
1.0 Molar solution being equivalent to 1 mM, and
plotted on the abscissa. The ordinate values
represent “reduction in titre" or adsorbed virus

and are exéressed in 1og2 units.

Each strain shows a characteristlc set of

curves but first the general features of the .set
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as a whole will be discussed. The curve of Sample
A, indicates that at high concentrations of perio-
date Yreceptors" are destroyed and virus is not
adsoried, that is, reduction in titre is a minimum.
As the concentration of K10y drops receptors are
“modified" only and virus is adsorbed up to a maxi-
ﬁum, when further dilution nullifies the periodate
effect and some spontaneous elution occurs simultan-
eously with adsorption. Thus the adsorption curve
rises in this area of the graph. The ability of
RDE to remove the adsorbed virus (Sample B), is in-
dicative of the receptor state - thus at the highest
concentrations of KIOM at which partial adsorption
is occurring, RDE is unable to remove the virus.
Further pericdate dilution increases adsorption,

and after a certain dilution this adsorbed virus can
be removed by the action of RDE. When the periodate
effect is negligible RDE will remove all the adsorbed

virus, and the curve rises to a maximum.

These graphs provide several criteria for
expressing strain differences, perhaps the most con-
venient being

(a) that concentration of periodate
which allows the adsorptioﬁ of a standard fraction

of virus, say 75%,
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(b) that concentration of periodate
which allows RDE to remove only 25% of virus from
the cells, that is the 75% "modification" point,

(c) the distanceﬂapart of the curves at
this point, parallel to the abscissa, expressed in

concentrations of IDM_.

These three sets of wvalues are contained
in Table II., Values calculated for (a) and (b)
(1+424+) are expressed as the reciprocal of periodate

concentration in millimol. (c) YR® for range ex~

pressed as the difference in Klohacéncentration -

(n-fold).

Strain Reciprocal of Perilodate Concentration R '~

(mM) - .

(a) (b) (e)
PRé % yr 75
PR 71 .
MEL 12 47 38.5
BEL 59 600 10.2
CAM 62 53% 8.6
FMI 30 553 18.3
LEE 116 573 %9.3
BON W7 180 3.8
HUT 227 295 1.4
SwW 50 635 12.5
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.26 Table IT (4.25) shows the variations among
the ten strains, tested in periodéte~treated mouse
Iungs. The fact_that BON and HUT did not adsorb to
mouse lungs limits the conclusions that can be drawn
from these two strains, Receptors could not be com=-
pletely destroyed for LEEj; BON and HUT and the con-
centrations used were not suffiecient to reduce SW
receptors to a constant level, For LEE and HUT 50%
of receptors could be destroyed, and for BON only 30%
were destroyed even with the most concentrated perio-

date, 0.02 mM,

The effect of periodate on the adsorption
of each virus was different and a gradient of resis-
tance to periodate modification could be established.
Thus in decreasing order of resistance the strains
were placed in this order,
MEL < FMI < (BON),SW, WSE, BEL, CAM <PR8 < LEE < (HUT).
The range of periodate dilutions this covers is 19-fold
when HUT is accounted for and 9.5-fold when HUT and BON

are omitted.

In the same way a gradation in the RDE~
irremoveable virus after this periodate treatmeﬁt is
in this order if decreasing resistance to RDE treat-
ment after modification with periodate,

(BON) (HUT)< MEL<WSE, CAM, FMI, LEE <BEL, SW< PRS8,
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The range of periodate dilutions covered
by this series is 2.5-fold when BON and HUT are in-
cluded, but only l.6~fold when these strains are dis-

regarded,

The R values, representing the span of di=-
lutions of periodate over which modification is
evident can also be arranged into a gradient, again
in order of decreasing resistance to periodate treat-
ment.

(HUT) < (BON) < PR8, CAM, WSE, BEL < SW < FMI < MEL < LEE.
The range covered by this gradient is 38-fold including
all ten strains and 6.5 fold when BON and HUT are
omitted.

These three gradients are all dissimilar to
that of incomplete virus production, in fact each
differs from the other, and thus no correlation can
be made between these properties of influenza virus
and that of incomplete virus production. These
results could be used however to throw some light on
the mechanism of virus-host cell adsorption. The second
gradient - that of the elution of strains by RDE is of
some interest. Disregarding the two strains, BON and
HUT, which do not adsorb well to mouse lungs, it is
not incorrect to say that the 75% modification point
(b) is the same for all strains. From this it would

appear that irrespective of the strain of influenza
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this concentration 3%%~ KIGH is sufficient to produce
75% modification. Further development implies that
each virus strain is held by the same number of
receptors susceptible to RDE treatment, and this amount

of RDE is capable of removing more than this number

from cells treated with gmﬂn KI0y,.
00 .

The abilify of wviruses to adsorb can separate
the strains into 3 groups, WSE, MEL and BEL which ad-
sorb to more than 6.5 log2 units, PR8, CAM, FMI, LEE
and SW which adsorb to 5 1og2 units, and BON and HUT

which cannot adsorb to more than 4 log, units.

The spontaneous elution which occurred in
Jungs treated with very dilute periodate was most
evident with the BEL strain which eluted 4-fold with
dilutions of perlodate greater than g%%- + Then
followed WSE, PR8, MEL and HUT which eluted 2~-fold
and LEE and BOK after which no spontaneous elution

was detected.

Thus, the experiment gave a negatlve answer,
as far as a correlation with the gradient of incomplete
virus production is concerned. Yet, the technique is
readily standardized and can be regarded as a useful
adjunct to serological typing of strains. It should

proove especially valuable in the effective separation
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of serologically related strains which exhibit such
cross-reactions both in the haemagglutinin=inhibition
and neutralization tests as to make differentiation
well nigh impossible. As evident from Table 11, the
pairs PR8-MEL, CAM-FMI and BON-HUT are readily dis-
tinguished by criteria (a) and (c), i.e. by receptor

destruction and modification in mouse lungs.
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4.3 - 4,33

Gradient in the Allantoic Membrane

No comprehensive experiments have been pub-
1ished to date regarding the quantitative adsorption.of
influenza viruses to the allantoic membrane. Some work
has been done in the past on single strains but the
techniques were so variable that no genersl conclusions®
could be drawn. It is proposed therefore to study the
variations of our ten commonly used strains of influenza
in an attempt to find some correlation between this ad-

sorption and the gradient of incomplete virus production.

The standard experiment was planned along

lines similar to that performed in mouse lungs (4.2),

but to date only the initial experiments have been com-
pleted. The de-embryonated egg technique of Bernkopf
(1949) offered the most convenient method and the tech~
nical details are given in 10.41. The excised mouse lung
was capable of absorbing much larger amounts of virus
than was the allantoic membrane of the developing chick
embryo and the first experiments were thus performed %o

determine the optimal concentration of virus to be uged.

Preliminary experiment I.

Two~fold dilutions of allantoic fluld infected
with each strain were made in saline (9.11). 1.0 ml of



these dilutions was added to groups of 5 de-embryonated
eggs containing 3.0 ml of saline., The eggs were then
placed in a mechanical shaker at 37°C and rotated at 6
revolutions per minute for 1 hour. Samples of fluid were
then removed from each egg and titrated individually for
haemagglutinin content. From this titre and that of the
original fluid, the amount of virus adsorbed was cal-
culated. An eight-fold decrease in haemagglutinin titre
was selected as a convenient degree of adsorption. The
titre of virus necessary to give this 87% adsorption was
calculated for each strain, and aimed at in all further
experiments. Table III shows these results for each
strain. The titres are expressed as log, units of haema-

gglutinin per 0.25 ml allantoic fluid.

Table I11
Optimal Haemagglutinin Titres for Adsorption in

De-embryonated Eggs

Strain Titre Strain Titre
WSE 7.7 MI 4.8
PR8 5.7 LEE 73
MEL 6.4 BON 5.7
BEL 6.8 HOT 7.5

CAM 3.9 SW 6.0
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Preliminary experiment I7I.
The effect of RDE treatment of the allantoic

membrane in preventing this adsorption was then deter-
mined. Five-fold dilutions were made in calcium saline
of a preparation of RDE containing 2,000 units per ml.
2.5 ml of these dilutions were added to groups of 5 de~
embryonated eggs, and rotated as in 4.32 at 379C for 1%
hours. 0.5 ml of 8% citrate saline (9.13) was then
added to each egg and again rotated for 2 minutes, after
which 1.0 ml of virus of optimal titre (%.32) was added
to each egg. After further rotation for 1 hour at 37°C,
samples of fluid were taken from each egg and tested for

haemagglutinin content either on the same day or after

storage overnight at 4%, From this experiment the range

of RDE which prevented the adsorption of the virus was

found and the next experiments were to be performed using

a narrower range of RDE dilutions. The actual results

showed that a standard range of RDE concentrations could

be used for all strains and thus details are not reported

here as they are covered by the standard experiment.

Standard experiment.

This was an exact replicate of the experiment
in 4.3% using 2-fold dilutions of RDE instead of 5-fold

steps.
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%.35 = 4.37

The same preparation of RDE was used through-
out the experiments and in the most concentrated treat-
ment it was used undiluted. The concentration of RDE
is expressed as the reciprocal of its dilution. By the
very nature of this technique this set of experiments
was performed over a period of about 3 months and at the
end it was found that the RDE had decreased in titre 2-
fold. To allow for this gradual decline in the concen-
tration of the RDE a figure was worked out over the whole
set with which adjustments were made according to the

time of performance of the experiment.

Table IV shows for each strain the haemagglu-
tinin, expressed in logp units per 0.25 ml, absorbed after
various treatments with RDE. The titre of the RDE prepa-

ration (R units), its correction factor expressed as 2-

fold dilutions of RDE (c), and the haemagglutinin titre

of the virus expressed in logy units per 0.25 ml(Té},are
given for each experiment. As is shown in the Table

the amount of virus adsorbed by the eggs pretreated with
saline (controls) did vary considerably with the titre of

the original inoculum.

Figure II thus shows these results expressed
as a percentage of the virus adsorbed by the control eggs,

and plotted against the reciprocal of the various
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dilutlons of BDE used for pre~treatment of the eggs..   -
The results of each eXperlment are’ plotted and the sym-~  .f”
bols used, a black dot, a circle, and a circle surround-  f
ing a small black dot represent the experiments in
chronological order as they appear in Table IV. The it
correction for the different initial conbehtratibné'bf- }f  

the RDE preparation used was made in ali expeﬁiménts;'x"”

From these values the slope of the curve representing1 : }fL

increasing adsorption following decrease in RDE treatmeﬁt iﬁ
was caleulated and is shown for each of the ten strains :';1

in Table V.

Slope of percentage.

Strain curve

WSE 1.87

PR8 1.01

MEL 1.72

BEL 1.10

_ (one experiment only)
CAM 0.62
(one experiment only)

FMI 0.79

LEE 1.00

BON 0.93

HUT 0.96

8w 1.31
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The slcpes of the adsorptloﬂ curves in Table V_ '

can be used to form a gradlent among these ten strains-

of 1nf1uenza, arrangement being made in order of the .   ..L
susceptibility of thelr receptors to destruction by RDE. ’
WSE, MEL SW (BEL), PR8, LEE, HUT, BON FMI (CAM), |

To date only one'experiment has been'performed: f'

using BEL and CAM and thus less reliance can be:placéd onf f

these figures than on the other eight strains on which

two or three experiments have been completed. This method
of expressing the variation among strains was chosan :'“"'
because the dilution factor of the RDE was not based on -
chemical definition. The use of potassium periodate to iv
modify receptors before the action of RDE in future ex-:a'“v
periments, will provide an accurate measure Whereby a |
certain adsorption can be expressed in terms'of'a:définéd_; 
concentration of this substance in the same way°as'f¢f_:
mouse lungs (4.2). When these experiments on thé.ﬁoaifyf B
ing effect of periodate in the de-embryonated egg'have  ___ ’
been completed, these two sites of influenza virus mﬁlﬁiéig;

plication can be compared directly and accurately.

Gradients of behaviour exhibited by influenza
viruses in the mouse lung and the allantois as reveale&”_f- 
in this chapter did not coincide with the two gradients

of incomplete virus production observed earlier. This



part of the study thus did not bring us nearer td'fhe   fj 
understanding of incomplete virus production as haped_'

‘at its beginning. The experiments, however, have been o
done in such detail that the results should be useful inf;fﬂ
the definitive deseription and characterization of these 5.f
strains, notably difficult to separate by serological
methods. Indeed, if evaluated in this light, they sug'g'est__"_}__
a new and sensitive system of classification for inflﬁenzé'i
strains. The inherent inaccuracies of any'one:tést_cahfﬁzi

be balanced by parallel use of other tests, and hence'fhé:'ﬁ
position of any one strain in the several gradients offers;;
a reliable, even if not simple, method for dzstingulshing

even closely related influenza viruses from each othero.'ﬁ'f
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- THE ARTIFICTAL PRODUCTION OF INCOMPLETE VIRUS

Introduction,

In parallel with the work of the previous
chapter, that is, investigation of gradients and reachiﬁg
conclusions by correlation of known with unknown phenomené,
a second approach towards the same goal was undertaken.
This consisted in the construction of a new working hypo-
thesis consistent both with earlier knowledge and the
recently galned information about gradients of incompiete -
virus production. Since this phase of the work started .
with speculation, the experimental part consists of teéfs
at crucial points, as demanded by theoretical considerations.
Accordingly, in this chapter a hypothesis will be elabor- |
ated first, and it will be shown that it covers known data,
and further, that some of its main implications can be

verified experimentally.



'5.2' : : Theoretlcal Con51derat10ns and Formulatlon of

a Hynoth381s

5021 " The main facts'tc'bé'ébﬁsidered'in éohﬁéctibﬁ: “.:
| _thh incomplete influenza v1ruses are (a) that nonwlnfectlve
virus is produced only in the first cycle of multlplicationf
. (Fazekas de St Groth and Calrns, 1952), (b) that dlfferentf
| strains yield dlfferent proportlons of incomplete off- T
 .spr1ng (von Magnus, 1953, Fazekas de st. Groth.and Graham,
'-11953, 195ha, 1955), (e): that those strazns whlch form
1ncomp1ete virus Wlll do SO only after concentrated 1nocula;
~ (von Magnus, 191:,7, 1951, 1952, 1953; Bernkopf, 19505
' : Calrns and Edney, 1952 Fazekas de St Groth and Grahaﬁ, ' €
1953, 195#3, 1955), and (a) that the proportlon‘of 1n—:_&"ﬁ
complete virus produced depends both on the strain of v1rus |
and on the tlssue in vhich multipllcatlon takes place (von gf
Magnus, 1952, 1953, Fazekas de St, Groth and Graham, 195Ha,f
- 1955). There are also some negative points, such as the  :
indépendence of the phenomenon of the type, antlgenlc | B
relationshlps and the host range of these viruses (Fazekas ;f
de St. Groth and Graham, 195%a, 1955), as well as of '_
multiple infection of eells (Cairns and Edney, 1952)¢ ‘

5,22 Since according to poiﬁt (d) neither virus nor

host in itself can be responsible for the production'of_. '”
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non~1nfect1ve partlcles, the cause must iie 1n thelr inter—;
.actlon._ Host-v1rus 1nteract10n begins Wlth the adﬁorptlone
of the infective particle to the surface of an infectible ’f
cell. Under the exnerlmental condltlons, i, e., in an -
'apprOpriete 1onic medlum and far from- saburatlen, thls
'process clasely follows the minstein-Smoluchowskx equatlen i:
and shows, as far as can’ be determined, 100 p.c. collmsionfi
.effICIGnCY over the adsorptive areas-ef the_cell_(Fazekesege
de St. Groth and Stone, unpublished). The situation is
thus the same as in tne well-studied case of bacteriophage &
and its host—bacterlum, or 1nf1uenza v1ruses and red cells.ee
 As the differences in the rate of adsorptlon W1th1n the g
| group under 1nvest1gatlon are so small as 6 be negllglble,ﬂﬂ
it would ‘seem unreasonable to 11nk graded production of  x
incomplete virus later in the infectlve cycle w1th differ--e?

ences as sllght as these.'

5.23 - | While adsorptlon is practically complete in a Lf
matter of minutes, the seeond etage, viropex1s, may 1ast
for hours. As evident from the behav1our of tne two strains
specifically studied (Fazekas de St. Groth, 1948b;Cairns
and Edney, 1952), members of the influenza group exhibitifﬁf“
marked differences in this respect. Ahother-ebSeratieﬁ;ee:
seemingly unrelated, is worth noting.at this juneture;;_ee o

Cairns (1952) has found that the first cycle of alientoieeefe
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multiplication takes éeveral hours longer than any of
the subsequent cycles. A-survey of the literature
(Pazekas de St.Groth and Cairns, 1952) revealed that
this discrepancy in cycle times was discernible in all
published growth curves done in sufficient detail, Thus,
here is a phase of viral multiplication which both shows
strain differences and has unique properties in the
first cycle., These differences in viropexis time could
then serve as a basis for differences found in the pro-

duction of incomplete virus particles,

5.24 Differences in time, although readily measur=-
able, are of little avail when constructing biological
hypotheses, mainly because the rate of these processes
depends on more than one factor. Differences in rate,
then, have to be translated into something less intangible,
and usually this can be done by considering in detail
what is happening during the particular process - in this
case, ¥iropexlis. There is good evidence,-chiefly from
the work of Ada and Stone (1950), Stone (1951) and
Stone and Ada (1950, 1952), that once adsorbed, the virus
particle does not become anchored to the spot it hit first,
but continues its Brownian movement in two dimensions,
that is, glides along the adsorptive surface. During
its random movement the enzymic groupings of the

virus come into contact with and act upon substrate



¢   :_115;é4.; 5;?5 ]2

groups embedded in the cellular surfacé. " This process‘ 

~ called "browsing® in an earlier paper (Anderson et al.,-
1948) - goes to completion on red cells, and results in
spontaneous elution of the virus since the intact substrate
molecules provide the main adsorptive force. Infectible
cells, on the other hahd, will eventually ingest the virus 
particle, and it was by analogy tb.colloidOpeXis (the up-

take by cells of inert submicroscopic particles) that the

name viropexis was proposed for the phenomenon (Fazekas de-
St. Groth, 1948bjFazekas de St. Groth and Graham, 1949).
Obviously, the amount of substrate split will be directly
proportional to the time the virus spends on the outer o
surface of the cells. Furthermore, enzymic destruction
will be fairly even over the whole surface since the'virus.
is less likely to re-visit areas already acted upon whiief  
others with higher adsorptive forces, i.e., more substrate,

are still offering,

5.25 0f the last stép in this phase, the actual in-
gestion of the virus, we know little. Phagocytosis is
the nearest parallel, and according to this a part of the
ectoplasm engulfs the adsorbed foreign particle and folds
it into the inside of the cell. The only electronmicro-
scopic study fully supports this view; Flewett (1953)
writes: "The cytoplasm appeared to have flowed completely
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55 -5

or partly over the virus particles, and no cell membrane .
could be clearly distinguished®. This occurred 1} hours
after infection wifh a large dose of wvirus. It can be
maintained therefore at the present level of our knowledge.
that concomitantly with the ingestion of an infective part;
icle a certain area of the cell membrane, too, will find

its way into the inside of the cell.

From the above considerations, a hypothesis of
incomplete virus production might be stated as follows:~- |
During viropexis a small area of the ectoplasm folds into_ 7
the cell, taking with it the infecting partiecle, If this
ingested area contains more than a certain defined minimﬁﬁ: ;
of substrate for the viral enzyme, that cell will yield
infective particles at the end of the multiplication eyeclej
if not, only a fraction of the yield will be infective,

the rest consisting of incomplete, non-infective particles.

This hypothesis would allow incomplete virus
production only in the first cycle, as removal of substrate
prior to infection is negligible in later cycles, due %o
the greatly shortened viropexis time. Since the time spent
on the outside of the cell varies from strain to strain,
and each strain has a different and characteristic rate of
enzyme activity, it follows that the amount of substrate

acted upon will not be tniform, and hence production of
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incomplete virus can be expected to vary among influenza_
strains., However, incomplete virus should appear after
relatively concentrated inocula only, since the von Magnus
phenomenon will not occur unless the average amount of sub-
strate has fallen below a threshold level, as postiulated

by the hypothesis.  Further, since the extent of enzyue
action is influenced by the intrinsic properties of both
virus and host, as well as by the time available for their
interaction, incomplete virus production should depend on
both partners. On the other hand, antigenic properties
and virulence of these viruses should not bear directly

on the phenomenon which is, essentially, an aspect and cbﬁi;
sequence af enzyme-substrate interaction. Neither should
multiplicity of infection be a prerequisite since the field
of potential enzymic coverage by a single virus particle-
both extends beyond and is physically independent of cell-

ular territories.

While the new hypothesis is thus found consistent
with all known features of the von Magnus phenomenon, its
most pretentious tenet, viz., involvement of a chemical
grouping of the cell surface in the production of infect-

ivity, requires specifie proof.
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Main Experiment.

The role of the receptor substance in endowing{5f
newly formed virus with infectivity could be demOnStratéd :

in either of two ways.u

1, If the substrate could be shielded from S

attacks of the viral enzyme without impairing its contri-__«

bution later in the cycle, cells after such treatment
should yield infective virus only, even under conditlons '

where normal cells would produce over 99 per cent 1ncom~;_:;

'plete partlcles.

or 2. 1if the substrate could be inactlvateé Wlth~ T‘;

out rendering the cells non~1nfect1ble, incomplete partie5f  

cleS“Shoﬁld issue frbm infections'with strains normally”"'
not showing the von Magnus phenomenon and, 1ndeed, even L
after infections with dilute seed. , :

As there is no way known at present to block the.vira1 _ :
enzyme selectively and not destroy infectivity, the tests
had to rely on altering the substrate. The recéptOr_  |
substance £6r influenza viruses is susceptible to two tjﬁeéi 
of agents. | The first group, the "receptor destroyihg'ené  ”
zymes" of various bacteria (Burnet, MeCrea and Stone,'léhé;-l
Burnet and Stone, 1947; MeCrea, 19473 Stone, 1947), is'nng _
particularly suited for the purpose since destruction 6£- _&-

receptors also prevents infection (Stone, 1948 a, b). For =
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the same reason high concentrations of the secohd:grOup;V_f 
the specific carbohydrate reagents, are of no use'aszthej :;
too, destroy receptors (Hirst, 1948). HMilder tréétmént   r
with one of the latter, such as the metaperiodate-ion, i
however, results in modification of receptors only: 'aithcﬁéh
the substrate has been rendered unattackable by ﬁhé viraiuff
enzyme, the adsorptive capacity of the surface reméins unéj_
changed (Fazekas de St. Groth, 1949). The main'experiﬁént 
was thus built around the receptor modifjihg effect of the
10, - ion. | - R

Nevertheless, the outcome of the test'¢§tld nbf} ?f
be predicted directly from the hypotheSisg-as the:effec; . ﬁ
of the 10 ~oxidation on the production of ihfedtive'viéus?¢ f
has never been examined. There are two possibilities;  _'  
Modification of the substrate night not affect that 'moiety e
of the receptor substance which later contributes to tﬁe* f '
infectivity of newly formed virus. Thig would reélize:;ffff
the first set of conditions. If inactivation were domplété,
i.e., both aspects of the receptor substance were'altefed;  
the second set of conditions would obtain with production }f
of incomplete particles under all circumstances. In o
either case the outcome should be clear-cut, the expectedfaf-

results differing both from each other and the normal.
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A batch of ll-day501d-egg5'Was'given:allantbi¢ “
inocula of 1.0 ml 0.0 M KIO, in saline. The control
group received the same volume of salihe inStead, Ten
minutes later 0.1 ml 0.3 M glycerol in saline was injeétéd;i

to neutralize excess periodate. The sﬁb—groupé'df six

- eggs were then given large ( 109ID50) or small ( 10“1050)

doses of PR8(A) and LEE(B) virus. These stralns were

chosen because'they represent the two extremes of the

53k

Wincomplete virus gradient® in eggs (Pazekas de St. Groth'_f

and Graham, 195%a), PR8 yielding about 99 per cent non-
infective offsprlng after concentrated 1nocu1a, LEE prac-_ ;

tically none. = The eggs were 1ncubated at 35°C and harvesﬁed

at the height of infect1v1ty, i. e.5 16 hours after the :
large dose and 42 hours after the small one. : Those samples
which were not tested for infectivity immedlately on har-_ ;
vesting were stored in sealed ampoules on solid'cog.'Spec;gl
care wvas taken to include'repreéentatives frem'éll"gfoupsf f
in each set of titrations, as any bias due to possible

differences between batches of eggs could thereby be avoiaéd.

The results are shown in Table I.

The control side of the experiment shows that-f
after all small infective doses neither strain produces

non-infective particles, the ID/HA ratios being indistingéif

uishable from the theoretical ratio, 10626 (Fazekas dé”Sf;'
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ABLE I - Productlon of Incmwglete Vlrus in Perlodate f.;'ﬁf
~treated Eggs. : SN

Untreated eggs(eontrol) Perlodateatreated eggs

Inoculum
Strain Dose ID/ml HA/ml ID/HA ID/ml HA/mlf ID/HA -
PR8 109 7.58 3,22 L, 36x; 6.64% 2,37 L, 273_;
(A) IDgg 7.10 3,66 _ 6.00  2.47  3.13*
o 7.29 2.86 3 . 5.83 2,67 3.16%
7.70. 3 06 o6k 2;62.-"3.803,;
6,14 2,71 a 3% 4000 2.89 . 3.1 ﬁn;
733 3.2 09* é.lO 24 3.66 .
Average ratios- Averaﬁe Tatio
Y, 07%:0, 21 R 3. 52% 0. 19 _
R 10%  9.66 3.55 6.1 8.37  3.49 L. 88;:
(4)  IDgg 8 80 3.07 5.73 g.75 3.03 0k 72
L 9,10 3.25 5,85 7.30 2-?7 g G
8.80 3.0l 5.79 7.50  2.62 8BE .
9,13 3.3 5,79 . 7.75 2,62 A5 13%
Average ratio' ’ Average ratzo"-'{.
.05*-0 20 L h 77 O 10
IEE 109  8.50 2.38 6.12 - 7.50 3.25 L.25%
(B) ID;@ 9.13 . 2.9 6,18 8.17 - 3,10 5.,07¥ .
- 930 3.3k sie 80 35 p.agE
9.70 2.98° Z2 8,13 3.15  4,98%-
9.50 . 3.04% 6,46 7.89  3.22 kL, 67% -
9,00 2,95 6.05  8.20 3.16 5.04x¢a:
Average ratlo- : Averaée ratlo R
. 6,25 0,12 - h.8s¥ro.1s
LEE  1o% 9,07 3.10 5.97 771 3.12 h.59*15
(B)  IDgg  9.25 2.97 6.28 8.10 3.13 k4, 97%
8.75 3.25 5.50 7.50 3.58 - 3.927
S0k 377 &1 oy s Gidex
. . .3 17 3.22 0 L,95%
9,60 3,28 6,32 7,58 2,65 L, ,93%
Average ratio: Average ratio:
6.17* 0,16 L,78%%+ 0,20 -
Infeetivity (ID) and haemagglutinln (HA) tltres arev
in log;d units. .
¥ = significant production of incomplete virus, i.e.,

ID/HA < 5.h2,
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GTOth and.CairnS§ 1952), The LEE virus maintains thngff”*

ratio even after large infective doses,'while'PRSIfdrﬁs "
over 99 per cent incomplete particles: under s1milar R

clrcumstances._

In the'pefiodétemtreatéd'eggs; on the other

hand, all combinations of strains and doses'give’ID/HAg f’

ratios signiticently below the noraal, i.c., the yield
contains a great excess of non-infective virus. inkgfﬁSj;;j

" of the hypothesis this amounts to the realization of the

'SeCond set'of pfédiétions, namely,'that ihactivatioh'off“'
the receptor substance be follOWeé by formatlon of 1n-'ﬁ }f'

complete virus on 1nfectlon of the treated tlssue..-f

These results lay'ﬁafﬁiculér'streSS'on.the hosﬁ-};”
cell's contribution tO'infeétiﬁity;' It is clear tnat the |
three cardinal features of the von Magnus ‘phenomenon = its
occurrence only in the first ecycle, only after large 1n~ 7ffi

ccula, and to dlfferent degrées with different stralns -“  

- can be altered by simple chemical treatment of the host,,- 75

several hours prior to the release of newly formed virqs.; 3_
To establish this statement fully, it has to be showm ' ::_
further (a) that the action of the chemical was restricﬁed;i
to the host; (b) that cellular receptors have actually

been modified under conditions of the experiment; and (c)



 that the virus recovered is tne yleld of a multlpllcative

 process, and not some remnant of the original seed. '_b
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" Control Experimehts'and"summarx of Results.

Subsidiary Expsriment I. The target of'périodaﬁe actidn__;
was tested in the folloW1ng manner. "Baﬁehes'of six'll-dayf
eggs were given allantoiec 1nocula of 0 01M KID@, or 0.01M f 
KIOﬁ mixed with 0.3M glycerol, or 0,01M KI03, or saline.  ;?
Ten mlnutns later the eggs recelved 109 or 104 1nfect1ve :
doses of PRS or LEE virus. After 1ncubatlon at 35°C the :t

fluids were harvested, 16 hours following the concentrated |

~and 42 hours after the dilute 1noeulum; ' Bach allantoic
'fluld was tltrated for 1nfectiv1ty and haemagglutinin, j
with the Tesult shown in Table II. ' Incomplete partzcléSﬂfif

could be detected only after lohutreatment-'all other

treatments gave effects indistlngulshable from the sallne

'controls.

As a further check, in a second experiment,
ap?rox1mately 1091950 of tne two viruses Were treated w;th' f
5.0 ml allantoic fluid contalning 1.0 ml of elther O. OlM
KIOy, or 0.01M KIO) neutralized by glycerol: Ten minutesi;i
later 0.1 ml of 0.3M glycerol was added to these flﬁids,t o
and they were inoculated into groups of untreated ncrma1 1 W"
eggs. This experiment gave a negative answer: treatment :f
of the infective inoculum did not result in the productlcn i:

of non-infective particles. The coneclusion to be drawn:



TABLE II - Production of Incomplete Virus after Varioﬁéj ifZ

Pre-treatments of the Allantois,

Inoculum . ' Pre-treatment of allantois T
Strain Dose KI0),,0.0lm{ KIO,,0.0lmM KIO;,0.0lmi Saline
* - (control)

glycerol,0.3mM R

PR8 10t 5, 14% 6.09 6.15 .;'5'5;?57
h 1o - 1828

LEE 10° L.2u%® S 6.17 . 6.03 "_Vf-6,29ﬁf
B 1ho, T 7 6.03. .. 89
LEE  10%  k4,31% - 6.21 6,07 . 6.4
(B)  1Idgg | o T

The figures show, in logj, units, the average ID/HA ratio
of the yield of each of six eggs. | |

# = significant productioﬁ of incomplete virus.



from these two tests is clear: only periodate is'effééﬁi?e;
in chemically inducing the von Magnus phenomenon, énd.it33 f
action is directed against the host tissue and not againSt 5

the virus.

| 543 Subsidigri Exgeriment-II;."Mbdificaticn of récép£bfs haS; f
been'defined iﬁ't&e original descriptioh'as”any fréatméﬁ£T  
of a receptlve surface after whlch adsorptzon of 1nfluenza.ﬁ
viruses contlnues unhindered while thelr spontaneous elution
or artificial removal by receptor destroying enzymes is

' prevented To find out whether such modlficatlon was
actually brought about by the standard perlodate treatment,,
a separate experiment was set up to test the Eeceptive pro~;y

pe;tles of the allantoic wall,

5.hh. o  Groups of eggs were allantoically inoculated f  5
with 1.0 ml of O. ol 'Kzol,, or 0,01M KIOy, or salj_ne‘.' Ten S
minutes later each egg received 0.1 ml 0.3M glycerol, and j;”
after another 10 minutes 0.60 ml PRS or LEE vzrus, A
quarter of an hour at 35°C was allowed for adsorption,fand .
at the end of this period a small sample (approx. 0.25 #l)_ 
of fluid was removed from the allantoie cavity; the haém;'n
acglutinin titre of this sample ghows what proporﬁion-off:
the virus injected became attached to the cells. ~ To sé¢  '.

whether the adsorbed virus could be eluted, 0.25 ml of a  ;i'



R

receptor destroying enzyme preparatiqn (titre: 100, by
the method of Burnet and Stone) was injected, and the eggs
kept at 35°C for a further 15 minutes. A4 second sample
of fluid was removed at the end of this period, and’

titrated for haemagglutinin,

TABLE IT1I - Adsorption and Elution of Virus after Various

Pre-treatments of the Allantois.

Inoculum Pre~treatment Average haemagglutinin titre
of after _
Strain Titre allantois adsorption elution
KIO, ,0,0LmM 18.4 - 12,2¥%
PR8 : .
(4) 81 KIG3,G.OlmM 13.8 63.07
saline(econtrol) 16.1 4.3
KI0y, ;0401 9.7 R
LEE |
(B) 121 KIO3,O.OlmM 13.9 111k
saline(control) 14,5 lo2.3

# = significant difference from respective control.
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5.46°

5.45“h.5.46 f.f

The results (Table ITI) show that none of the

. treatments interfered with the adsorption of the viruses
" to the allantoic wall, while 10f was the only reagent
'éapable of preventing elution. It is conecluded therefore.

that under the conditions of the main experiment cellular -

receptors have been modified by metaperiodate.

Subsidiary Experiment ITI. Allantoic fluids containing

non~iﬁfective particles often show lower infeectivity tﬁan'
the seed from which they are derived. This is particularly
striking after artificial induction of the von Magnus phe-
nomenon, as shown in the second half of Table I. Yet, the
objection that the harvested material was not the yield
af-a multip;ication eycle but rather had been left over
from thé ofigina1 inoculum, could hardly arise. There

are good5 although indirect, arguments against this concépt,
The first is the increase in haemagglutinating particles,
consistentl} present in all groups. Since this rise is
between ten and a hundred times the original infective dose,
and thg cyclic_increment of influenza viruseé is of the

same ofdef, the simplest interpretation is to assume a
multiplieation cycle with a yleld of about 99 incomplete
and 1 ébmplete virus particle for each infective unit in-
jected, The undiminished survival of the initial infective

inoculum is rather unlikely also on another score. Such



doses of virus as uSé& in the experiment ére kndwn'tb'bé i
readily ingested by cells (Fazekas de St. Groth, l9h8b)and,
indeed, considerably larger ones undergo viropexis, as has :
been compellingly shown by Isaacs and Edney (1950) and by---
Cairns and Edney (1952).  However, to furnish formal procf
on this issue, the allantoic cavity of eggs was rlnsed three
hours after infection, thereby removing all the virus free -
at that time, The allantols was then fllled with gelatinew

saline, and sampled a further 13 hours later.,

TABLE iv - Productlon of Incomglete Virus after Removal 3
of Non-absorbed Seed from the Allant01s. '

Inoculum _ Treatment of allantois
Strain Dose Before infection  After infeection
nil "washing
PR8 107 nil . 3.93%  L,26%
(&) D50 . | | -
KIOy,,0.01mM 3,12% 3.20
%g§ 107 nil 6.29 6.21
ID .
>0 KI0y, ,0.01mM you® 538"

The figures show, in log;, units, the average ID/HA ratio" 
of the yield. _

¥ = signlificant production of incomplete virus.
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"Tijf' jf"*} 5Q%7}Fi5ku3fi7

The results (Table IV) were as eipectedi thé-'_
yield was undiminished and qualitatively indiStinguishablg[ 
from the control groups, i.e., the same proportion‘of'inj_f'
complete and infective particles was recovered as in the_   
main experiment. It follows that the material harveSteér   
at the end of the usual incubation period is not the_oriQi: a
ginal seed but its offgpring after at least one cycle'of -

intracellular multiplication,

Thus the working hypdthesis on'the.mechanism'of'   
incomplete virus formation, has been shown to be consiéténtf”
with experimental results. It visualized the failure of
the host cells to provide an essential constituent dufing' ff
virus multiplication, leading to the formation of non=- . '.
infective particles by virus multiplying in these 69115; ;-f
This factor has been tentatively identified with'the'réc%-;f;
eptor substance on the outside of the cell membrane, which

is transferred to the site of virus multiplication during

viropexis. After modification of this substance with

the metaperiodate ion, allantoic cells have been made tbf'; :
produce incomplete particles upon infection with influenéa:: 
virus, It has been shown that the site of the chemical -

action was these surface groupings on the cell membrané'_
and not the infecting virus, and both large and small doses "

of two strains at the extremes of the incomplete virus
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gradient, (3.41), have been shown to form non-infective

particles when multiplying in cells so treated.
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5.52
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rtificial Production o Incon 1été"Viﬁ 'n'the“ '1' tol

The preliminary experlments on the productlon of

”-_:incomplete partlcles in the allanteic cevity of developing

chick embryos after treatment with potassium perledate were

: carrled eut using two stralns only. For ebv1oue reasons

'the strains PRS end LEE were chosen, as representing the

two extremes of the 1ncomp1ete vzrus gradient in eggs, _';n’
'-'(3 %1)¢ In the light of past experience, relating te the

'great variatlon among strains of 1nf1uenza vxrus in their

quantitative response ‘to any treatment, it was necessery

to examine also the other streins with which we cemmonly ff?

'_worked.

The experiment was an exact replica of the main 5
experiment described in 5.33, eaeh ef the strains being ;fﬁ}
used. The resulte are shewn in Table V, end are expressed

in the ‘same form as Table I (5.33).

Ihe'results in Table V show thet'tne.pretreetnentf
of the allantois with potassium periodete'resnlted in the-'
formation of incomplete virus by all strains even after
dilute inocula. Again, the strains varied in their response

to the effect of periodate, but all strains produeed_morer_f

~non-infectious particles after the inoculation of concen- = |
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The Formation of Incomplete Virus by Different Stre 'Stb'ff

Influenza Virus in Periodate Treated Eegs

Strain and Untreated Eggs(control)

Periodate-Treated Eggs

Inoculum ID/m1 HA/m1l ~ ID/HA ID/ml HA/ml ID/HA:
WSE (4) g.67 | 2;82 4,78 5§25.- 2.68 2;57;
10 1950 7 40 3,01 %,39 5.00 2,22 2670

A#erage ratio:%;62ibﬁi§' Avérage ratiq:2g91;9.24
8.38  3.01  5.37  8.08  2.35  5.73
N 9.10  2.65 645  7.38 2.0 4,98
107ID 9.13 3.22 5¢91 7.75 246 - 5.29
50 8,92  3.06 5.86 7.%5- 2.95 +80
9025 30}'!'0 5085 70 3 3012 l*'o?l N
Average ratio:5.8950.17  Average ratio:5.10%0.19
MEL (A) 8.67  3.6% 5,03 8,00 3.55 M5
9 o © 7,00 3.00 k00
1071D, : 7.00 3.06 3.9
50 . 6.80  2.77 k.03
- 7-50 3002“‘ )"'__-L."é
™ Average ratid:h.lSibali'
8.83 3.25  5.58  8.88  3.22  5.66
}_!.. 9."‘}'0 3008 6032 8020 3@31 l"‘b89
10 1950 9,13 2.9% 6.19 7.90 2.92 4,98
9.10 3.&% 5.76 7.83 2.95  L4.88
8083 30 5 50%8 8‘79 3'1']'0 030 .
9.33  3.69 5.6 7.75 3.3+ WAL
"“Average ratio:5.81:0.15 Average ratio;s.ozgp;17
BEL (4)  8.67  3.10  5.57  7.20  3.28  3.92
9 8.63 324 5439 729 3.25 Lo
1071ID 9.00 3.25 5.75 7.00 2.91 4,09
50 8,75 3,01 5.7h  7.10  3.24  3.86
.g g.tg g.43 g.&e .42 3.28-_
hd - .2 " 2.80 1 ' :
Average ratio:§,53r5%53”—E;E%ége N

ratio:3.92:0,07
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| Inoculum. IE/ml HA/ml ID/HA

Untreated Eggs(control)

Periédate;tréétéafmggé
ID/ml  EA/ml  ID/HA

"9;ho: '
10.1%
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3.
9.25' - a.
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f.'Strain and Untreated Eggs(control) Periodate-treated Eggs
'Inoculum L ID/ml - HA/ml. ID/HA Ib/ml HA/ml ID/HA

HUT (B) 8.83 3.10 '5.§a- 8,50 3.19 5.31:
9 8.75  3.21 5o ok 7.75 2.83 4,92
1071D 8.76 3.15 5,61 743 3,40 0 4,03
50 8,88 313 57 7.88 340 4,48

8.50 3.1 5. ' 8030 2.91'[' 5&36

8060 25. 5 35 . - . ?ﬂ

Average ratic_? 55f0 07 Average ratlo 4.82+*0.¢

8.80 B 2.?#. 6,06

Average ratio 3'8h+~0 17 Average Tatlo: 3 90*3 2

| 8.57 2.86 5.7 6.75  2.70  4.0%
Y 9. 3.07 al 7.08  3.33 ﬁ. 5
10 IDsO 8¢ 0 3 40 5 7.67 3099 . 8Qf
} 8.38 209? 5 kl 60#0 3.16; ) 3- u,

SW . 8.70 3,06  5.6%  7.75 ”3;94:- ¥

091 6.58 ok 61 {
.l D_ : ) . ) . . 2‘91' 3} 7.&:
50 o S 625 301 3.2k

: Avgrage :atio:3.8?j;q,&

6.&2 '8.80 3,28 5.52

kN 9,20 2,77 _
10 1D, 8.60 2.4 6,1 9.00 3.19. 5,81
8.63 3.16

547 8.300 2,95 5.25..;
8.57. 2.97 = 5.60

: Average ratio:6.0210.29 Avefage ratio: 5;58&O,1
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trated seed into periodate treated eggs than into ndrmal_fﬁ

_eggs. With the exception of BON, HUT and LEE, all strains

produced more incomplete virus after the inoculation 63_   
concentrated seed into periodate treated eggs, than dilute

seed.

These results indicate that the reaction of per-
iodate treatment and concentration of seed virus is a'very'
complex one. The lower ratio given by undiluted seed' 7  
virus in periodate treated eggs than in normal eggs wbﬁld' 

suggest that the two effects are somehOW'cumulative,'and”f'

- this level of production of incomplete virus may not even‘;:

‘yet be at its lowest. This point will have to be inve343 ;

tigated by using relatively higher doses of K10, preféfff;
ably under circumstances where'multiplication of'host.célié,
a potential complication, can be excluded. Such an eipéri5 
mental set~-up is suitable also for the.compatiScn of dbségé
effects of virus. The latter shows greater variation'th#n :
usual in these tests; however, no clear trend is diséérn-:

ible in the results with two doses of virus and one of

periodate.
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5.61

5.62

.'5;6 - 5562

The Effect of Varying Doses of Periodate on
g Formation of Incomplete Virus.

The fundamental results obtained in 5.3 opened
up a field of experimental work which has barely been
touched upon in this study. That influenza virus strains
could be made to produce non-infective offspring when
inoculated into a system, in conecentrations which
normally produced fully active partieles, has been
established., One set of conditions has been demonstrated
which produces this result, and yet its detailed

mechanism remains unsolved.

Four other facts immediately present them-
selves for investigation. |

(a) The variation in the amount of non-infec-

_ tive particles produced by different strains (5.5) in-

dicated that each strain differed in its response to
pericdate treatment. That varying doses of periodate
would affect the formation of incompléte virus seemed
highly probable and could easily be determined,

(b) Periodate acts almost instantaneously and
section 5.33 has shéwn that when administered 10 minutes
before neutralization with glycerol followed by the
immediate inoculation of the virus, the substrate of the



:viral enzyme is modified and 1ncemp1ete virus is formed._“e

Whether the action of perledate would be the same if

given several heurs before 1noeulat10n, or at any time (i

R after infection, is not known. This result however is

'__vital to the full understanding of the mechanism invelved._

(c) Periodate is a strong ox1d121ng agent,

aeﬁ 1ts action on the carbohydrate molecule 1s well S

_known, It 13 essentiel to determine whetner other subm'f'_

. stances will have a 51miler effect-as the periedate iee.:f;

(d) ‘The rate of grewth ef influenza virus in

’5periodate treated eggs is easy te determine, and from _ff::

 this resnlt 1nformation relating to the mechanism of :1f1

1ncomplete virus produetion will be gained.

ooof these feur qaestlons only the flrst has e

been dealt with in this study, and even this has net been_*

fully explored.;.

| The exPeriment consisted of an exact repllca
of the single passage experiment in periodate treated _
eggss 5«33; using four-fold dilutions of K104 The fact a
that the LEE strain influenza virus did not produee | -
1ncomp1ete partleles after the ineculatlen of undlluted
seed virus into normal eggs (3. 3), made this straln an

ideal subject for this experiment, and the results



| o fefthe metaperiedate 1on in indu01ng the formation Of

B 5.65

5e 63 506 5

'efobtalned are shewn in Table VI.{ The results are
'exeressed in legl0 enite per ml in the same way as-
'Table 11 (5 Yo | | |

The results shew that the effectiveness of

N incomplete virus decreases on dilutlen. The mest L
'Lfeffective perlodate treatment was 1.0 ml of 0 Ol,M Klﬁn,:':
.'e'yleldlng a 20 fold &ecrease in’ IB/HA ratle after conn'jﬁe{i
'f:fcentrated inoculum, and a 50 fold decrease fellowmng :
' f_}::ﬁllute seed._ A mere cencentrated dose of Klﬂu may
' further increase thle fall in ratle._ Periodate was
o pregre351ve1y less effectlve on dllutlen in fourfold

L steps, altneugh the data are not exten51ve enough to

define the shepe ef this desenrespenee cerve._'

The same 31tuation as found here w1th LEE ne

"doubt operetes with ether stralns, but LEE is the only .
- strain on whleh conclusxve work can be done, as te date et
" no eoncentretlon of LEE when inoculated into normal eggsdﬁe

hes been shown to produce 1ncemplete virus 1n 51nnle

pessage, and dlfferenees will therefore be most elear

cut with thls.stramn.' The effect of verylng dllutlens

- of periodate in the allantois, on the multiplication ef;feJ
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other stralns will yield moreAlnformatlon.onmthis,aspect.:;;; .....
of the work. It is to be expected from other known -  : 

o gradlents that each strain will react in a quantitatzvely

‘different manner to dlfferent concentrations of periodate.;ﬁ

Fazekas de St. Groth and Graham (1949) have deseribed the

quantitative varlatlon among strains in their affinity

for red blood cells treated with K10, , and 4.2 describes

the effect of different dilutions of periodate on the

adsorption and elution of these strains in the mouse lung..



' 3  b5;§5 :”17'

This effect of dilution is in line with the hypothesis |
put forward in 5.2. That the substrate concentratibn'_"
must be aﬁ a certain level for the formation of fully
active virus follows from these experiments, and the
lesser concentrations of K10y are incapable of reducihg .
the level sufficiently to completely prevent fully . -

active virus being formed.
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6,11

| THE PRODUCTION OF INCOMPLETE VIRUS ON SERIAL PASSAGING.

. Inf odﬁétioﬁ.'_

o The 51ngle~passage experlments deseribed 1n 3.
have revealed dlfferences among influenza straxns in

regard to 1ncomplete v1rus productlon. Yet due to the_ -;

. .1nherent limitations of the technique, it was not possxble{i
to settle the questlon whether these dlfferences were ':'_ 
;"_absolute, i, e whether some of the strains produced no re:”
":ineomplete partlcles et all.- To solve this problem con-f;f
.:-ieehﬁreﬁed'inoeula'were.earried throughrseveral eonsecutive;}

"Passages-' thus'the-effect ean'be:cumulated while the"'

error of the titratlons remalns constant. Were no in-~~<

f.’complete particles produced the serles should be expectedff
“to behave like a- serlal passage of dllute 1hocula, v1z., .
: maxzmal 1nfectiv1ty and haemagglutinin tltres would be  41£¢;

g obtalned throughout. If, on ‘the other hand, even,small

amounts of incomplete partlcles vere produced, these Wouldre:

' pregressively interfere with the yields of virus in sub-1:~-

sequent passages, and flnally a reduction of both 1nfect~f:;
ivity ‘and haemagglutinin titres should be expected. In;f“ﬁ'
experiments of this type special care has to be taken (a)
to expose the great majority of cells to the inltlal

inoculum, i.e., to work at high multiplicities, and (b) to



[ ; 56:11_:

avoid contamination of the first-cycle yield with virus:
from later cycles which were initiated under @ifferent
conditions. The latter precaution is particularly
important in view of the observation that infection of a
larger number of cells acts as a mitogenetic stimulus on
the allantoic wall, resulting in the appearance of new. o
infectible cells in numbers sufficient to obscure the

results (Fazekas de St. Groth, unpublished).



6.2 Serial Pagsage Experiment,
6,21 The technique adopted and applied to all strains

was as follows: The seed virus was given one allantoie
‘passage at 10~% ailution immediately before the experiﬁent
proper. Then three ll-day eggs were lnoculated allante
oicaliy with 2.0 ml each of undiluted seed, and incubated
for 12 hours. The fluids were then harvested through the
hole used for inoculation, without previous chilling of - -
the eggs. Three ml. volumes of each fluid were used to
prepare pools within each group, and of these pools again
2,0 ml volumes were inoculated into each of a group of " 
three eggs, and the procedure repeated through four passagés.
The original seed, each of the first, second and third
passage pools, and all the three flulds of the final passage
were titrated individually for infectivity and haemagglu-

tinin content either immediately or-after storage at =20°."

6.22 The results with six representative strains are
shown in Figure I. The strains were so chosen that the
group should contain a virus of each immunologicgl type
exhibiting the von Magnus phenomenon (PR8(A), BON(B) and
SW), and also three gtrains which did not produce signifi-
cant amounts of incomplete virus in the single-passage

experiments above: CAM(A'), FM1(A') and LEE(B). The four
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strains not shown in the figure behaved in every respeect

iike the viruses PR8, BON and SW,
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6.3 : Discussion of Results.
6.31 The findings with the strains PR8, BON and SW

are a replication of von Magnus' findings: consecutive
passage of large inocula progressively reduced the prbé
portion of infective virus in the yields, and the ID/HA
ratios are approximately a thousand times lower than the_'
normal ID/HA ratio (109426) already in the second passage
and onwards. It is worth noting that from the stage

where the absolute amount of infective virus in ﬁhe ine

oculum dropped to a level below 1 per cent of 1nfect1b1e ;:”

cells, that is to less than 106 the haemagglutinln yield
of the eggs was also reduced. This phenomenon is well
accounted for by the facet that under these conditions a
second cycle of multiplication became possible, and in B
this cyele the interfering effect of the originally inm_“
oculated excess of incomplete virus became noticeable.

It is known from previous work (Fazekas de St. Groth,
Isaacs and Edney, 1952) that the establishment of heterw-
ologous interference is not instantaneous, and thus the
first-cycle yields of active virus are the same whelfer
the initial seed contained infective particles only or a
mixture of infective and inactivated particles. A
numerical estimate of this reduction may be supplied by

comparing the mean haemagglutinin titres of the "O" and
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BIW passages with the average titre of the three fluids
harvested after the fourth passage. The reduction for
PR8 is 3.62 -~ 1.59 = 2,03 logjp units, i.e., 100-fold;
for BON 2,83 - 1.78 = 1.05, i.e., 1ll-fold; for SW |
2,89 - 2,16 = 0.73, i.e., 5-fold. These differences are
all significant, the error of a single haemagglutinin |

titration being 1.3~fold.

6.32 0f the two borderline cases, CAM(A') and
FM1(A'), the former obviously belongs to the group of
viruses which exhibit the von Magnus phencomenon. in
the single-passage experiments the CAM-strain showed a -
production of incomplete virus which was significant at
the 5 per cent but not at the 1 per cent level. This
behaviour was maintained through two consecutive passages, 
but from the third onwards the cumulative éffect showed
up quite clearly and the ID/HA ratios dropped well below |
the normal, the difference being over 1000-fold. Also;-
there is a distinet reduction in haemagglutinin yields

6.33 The other A-prime strain, FM1, cannot be classed
with the previous group of viruses lnasmuch as the total
reduction of infective offspring never reaches the low
levels attained by the strains showing the typical be=-

haviour described by von Magnus. Whereas the first four
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viruses represented in the figure produce an excess of
incomplete‘particles of the order of 30,000 to 1 by the
end of the fourth passage, the FMl-strain reaches a ratio
of 1000:1 after the second passage and stays at this
level for the subsequent passages. There can be no doubt
however, that significant amounts of incomplete virus |
have been produced and this became detectable by the more
rigorous test afforded by the repeated-passage experiments;
there was also a definite drop in haemagglutinin yields,.

namely 2.88 - 2.11'!' - Oo?l"', i.eo, 5-3‘.'01(3.-

The LEE strain, in which no differencé could be
detected by the single-passage test, could also be shown '
to produce some incomplete virus under these copditions._
The reduction of the ID/HA ratios, is however, evidently
less than in any of the other strains tested, being of the
order of 100 even after four consecutive passages. It is'
also significant that, though the multiplicity of infection
was kept at the level of 50 particles for each infectible
cell throughout the four passages, there is no reduction
of haemagglutinin yields within the series. The average
haemagglutinin titres compared as in the other strains
show that the final yield was 3.06 -« 3.23 = -0.17, i.e.,

unchanged, the minimal rise (l.2-fold) being insignifieant,
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The general conclusion to be drawn from this set
of experiments is that production of incomplete virus can
be elicited from every one of the influenza virus strains
tested. The differences found are thus, although extreme,
of a quantitative nature rather than absolute. From the
practical point of view the behaviour of hasmaggliutinin
titres may be of importance. Their irend indicakes that
by the technique generally used, viz., repeated passaging
at high concentrations, no useful further reduction of
the ID/HA ratio can be hoped, as below a limiting concen-
tration of infective particles in the seed the resultant
haemagglutinin yields will drop. Thus they not only failf
to give preparations with a larger proportion of incomplete
particles in them, but actually lead to a lower total out-

put of particles per egzg.
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7.00 Puring the course of the experiments reported
above two surprising observations were made which
cast doubt on the orthodox concept that a virus
can be one of two things, infective or non-
infective.

7.1 ns ¥ ric W L.

7¢11 The first of these observations was made

during the serial passage experiments (6.) and
mentioned there without comment. It is the fact
that in the second and third passages of most of

the viruses tested, the original inoculum did not
contain enough jnfective particles to saturate all
cells. In fact, not more than 10% of the cells
received infective seed, the rest were saturated
with "incomplete”, that is, presumably non-infective
partiéles. Yet,“the yield of these passages was

not lower than that of the first passage where all
cells received infective particles initially. Since
great care was taken to restrict the experiment to

a single cycle of multiplication the phenomenon could
be explained only by assuming that the majority of

the particles inoculated was "incomplete" when
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tested in our standard infectivity test, but
capable of going through at least one cycle of
multiplication under the conditions of the serial

passage experiment,

7.12 Sinée during serial passaging the cells
were multiply infected in the first few passages,
one could not te;l whether the virus could go through
a multiplication eycle on its own, or whether
multiple infection was a necessary condition of the
phenomenon, that is; the high haemagglutinin yield
was the result of mutual reactivation by incomplefe

‘-particles. To decide this issue the following

standard experiment was carried out on several strains.

7.13 ug ‘ ty Test",

-

Using the single passage technique (3.21),
preparations of "incomplete" (following a single

9 .
passage of 10 ID50

virus (after the passage of 10“ ID__ seed virus)

50

wes.. obtained. Each of the 10 strains were used,
and the bulk of the fluids wes: kept at -10°C whilst

seed virus), and fully active

a sample“of’each was titrated immediately for haemag-
glutinin content. The fluids were then thawed, and
diluted accurately in saline to give a titre of

5 AD's when inoculated into the allantoic cavity.
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0.5 ml of each fluid was inoculated allantoically
into 3 l12-day eggs, whiéh'weré ineubated at 35°C;j-

Samples of allantoic fluid were taken from _

each egg after 9, 10, 11, 12 and 24 hours. Eggs R

inoenlated with BON, a more slowly multinlying strain,
were sampled after 11, 12, 13, 1k, 15 and 24 hours
incubation. The fluids were kept at 4°C-and at the

end of the sampling all were titrated for haemagglua -

tinln.
The results are shown in Table'I and
Figure I. The table shows the haemagglutinln titre

of the allantoic fluid expressed in Iogg wnits per
0.25 ml, each figure representlng the average-of 3*-

‘replicate eggs. Figure I shows the plot of the

. average haemagglutlnin titre of allantoic flu1d at ;

each hour in 1032 units; The dots represent Hin-

complete virus® (allantoiC'fluids'harvested from

eggs inoculated with concentrated seed), whilst those

harvested from eggs infected with fully active virus

are represented by circles.

The results in Table I and Figure I _
(7.14) show that multiplication has taken place after
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the inoculation of each virus preparation. This
is the case with the ten strains used, though |
quantitatively each differs somewhat from the others.

The results given by the strains BEL, LEE
and WSE are reviewed in detail whilst the essential

features only of the other 7 strains are outlined.

7.16 BEL. Allantoic fluid harvested from eggs
inoculated with about 104 ID50, upon reinoculation
showed an increase of.32-fold at 9 hours incubation.
This increased to 60-fold by 10 hours and at 2l hours
a 700-fold increase was detected. ﬁzn virus harvested
after the inoculation of 10° IDs,s multiplied 16-fold
at 9 hours, 32-fold at 10 hours and 350-fold after
2% hours. These increases, despite the formation of
95% incomplete particles by BEL (3.32) indicate that
this fluid is capable of multiplying when injected
into fresh embryos with the formation of haemagglutinin
only 2-fold lower than fully active virus.

Thus instead of a haemagglutinin titre of
5 AD's as expected if only 5% of particles present
could multiply a titre of 64 AD's is found which
indicates that practically all particles have
multiplied. 4 further 100-fold increase should
then occur if all the particles formed could initiate



further infection. This is obviously not the
_sifuation as a further 10-fold increase only was

_ observed between 10 and 24 hours. 5% of BEL
particléssdriginally inoculated were fully active,
and on multiplication will yleld complete virus
capable of initiating fresh infection. These
particles will continue to multiply and account for
the'fufther increase in haemagglutinin at 24 hburs,
whilst the bulk of virus formed after the first
cyéié’appears as haemagglutinin incapable of
-initiating fresh infection.

This virus however will be capable of
 interfering and thus after 9 hours the multiplicity
of infection will be 10, and although there will be
sufficient cells for the active virus yielded after
the first cycle to multiply freely, after its second
éyéiéfiﬁterference will have been established and a
depression in further HA production will occur.
This is shown to be the case as only a 10-fold
inerease occurred between 10 and 2% hours, remaining

about 50% below the controls.

717 LEE. Allantoie fluid harvested after a
single passage of concentrated inoculum, could not

be shown to contain significant amounts of incomplete
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virus (3.1%). On serial passaging however it was
shown (6,3%) that formation of incomplete virus could
be demonstrated, a 1l00«fold decrease in ID-HA ratio
being detected afﬁer the fourth passage. It was of
interest to see if the present technique could be
used as a more sensitive test for the presence of
incomplete virus particles, and the results of these
experiments were examined in this light. Before
deseribing this test, it is worth noting that even
after the fourth consecutive passage of undiluted
allantoic fiuid (6.3%), there was no decrease in the
haemagglutinin yield of the LEE strain, a 1.2 fold
increase being insignificant.

Figure I (7.14) shows that the increase
during the first 9 hours incubation, of eggs inocu-
lated with diluted fluid from both concentrated and
dilute original passage, was of the order of 3-fold.
After inoculation of fluid from concentrated initial
inoculum this increased a further 3-fold in the next
hour, followed by a further 3-fold in the 1lth hour
and an 8.5-fold increase up till 24 hours. The
allantoic fluid from dilute initial seed increased
a further 1.3-fold between 9 and 10 hours and again
a 3-fold increase till 11 hours, and a 60~f0ld increase
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to 2% hours.

'That the multiplication of influenzg B
strains i1s slower than A strains is again borne out
by these findings, the peak of the first cycle
appears to be at about 11 hours. Both these
inocula had yielded the same amount of haemagglutinin |
at this stage, the concentrated-fluid titre being
2-fold higher than the dilute-flnid yield., During
the next 13 hours however the virus yielded by the
dilute-fluid inoculum increased 60-fold, whilst that
from the concentrated-seed inoculum increased 8-fold,
the final yield being Y~fold lower than that yielded
by the dilute seed inocula.

The first increase in haemagglutinin titre
after the inoculation of undiluted WSE seed virus
occurred after 12 hours incubation when a 2-fold
increase was detected, after 24 hours this titre had
increased a further 30-fold. The dilute~seed inocula
however increased‘3 fold after 9 hours incubation
and a further 2-fold till 12 hours and a further
increase up till é% hours of 40-fold. Thus WSE,
which contained 99% incomplete particles after con-
centrated inocula, showed that these particles are

truly incapable of multiplying, as 1% complete



7,17

particles will after the first cycle of multipli-
cation yleld the same titre as initially, which
would account for the first detectable increase

at 12 hours. Dilute-passage virus on the other
hand showed detectable multiplication at 9 hours,
and a further 35-fold increase between 11 andyak
hours, paralleling a 50-fold increase between 11
and 24 hours after concentrated-seed inocula. Thus
the particles produced up to 11 hours after concen-
trated-seed inocula appeared to smmltiply to the same
extent as those produced after dilute-seed indcula,
the lower concentration of virus in the former case

not interfering'to the same degree as in the latter.

PR8, MEL, CAM, FMI, HUT and SW follow the

same pattern of multiplication. A significant in-
crease was detected after 9-10 hours following both
inocula. The difference between the inocula yields
at 11 hours being for MEL, CAM and SW of the order
of 3-%-fold, and PR8, FMI and HUT showed a difference
less than 2-fold - the dilute-seed inoculum always
showing the higher yield.

The further increase between 11 and 24
hours of these strains varied from 6.9-fold (CAM)
and 7.4-fold (FMI) after concentrated-seed inoeulum
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to 93-fold for MEL dilute-seed inoculum. These
differences will be influenced by 2 factors:
| (a) the proportion of totally incomplete
particles which will interfere with cycles of
maltiplication after the first, and therefore lower
the final 2% hour yield;

and (b) the type of particle ylelded by the
first cycle of multiplication - whether a particle
capable of further multiplication, on one incomplete
as far as ability to multiply is concerned, but |
capable of interfering with future reproduction.

Dilute~seed inoeula of BON showed a 2.5~
fold increase up to 13 hours, which increased 8-fold
up till 15 hours, and a further 10-fold increase
occurred till 24 hours - embracing a 50-fold total
increase. Concentrated-seed inoculum however showed
no detectable haemagglutinin up till 13 hours, and
by 15 hours the titre had reached that of the original,
An 8-fold increase then occurred up to 24 hours. BON
produced 70% “incomplete" particles after the inccu-
lation of concentrated inoculum (3.23). This experi-
ment indicates that these particles are fully incomplete,
the original titre of the preparation being obtained
again only after 13 hours incubation. Thus, active
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virus has mulitiplied during a single cycle, and at
the same time the non-infectious particles have
established interference, which caused a reduced
yield in further cycles = only a 10-fold increase

occurring between 14 and 2% hours.

It thus appears that the first cycle virus
yielded by an inoculum of a dilute suspension of
allantoic fluid of concentrated seed origin, differs
from that ylelded by virus derived from an initial
inoculum of dilute seed in that it is incapable of

initiating further infection.

Without further experiments being done
along these lines it seems to indicate that when
a concentrated inoculum of influenza virus is
inoculaﬁed into the allantoic cavity of the develop-
ing chick embryb, the yield contains a certain per-
centage of particles capable of multiplying in the
usual way. Together with this fully active virus
are particles capable of multiplying through a single
cycle, producing haemagglutinin, but being incapable

of further multiplication.

The strains vary somewhat in the percentage

of these different particles present, but the final
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defiﬁition of the proportions of fully infective,
single~cycle infective and non-infective virus has
to wait until experiments can be performed under
strictly standardized conditions, i.e., with a known
number of susceptible ¢ells exposed to a known
multiplicity of virus particles. The de-embryo-
nated egg holds the greatest promise for the solving
of this problem.

72 2Tardy" Virus.

7.21 The second of these observations was made
titrations

during infectivity/of fluids in 5.5. At times it
was incomvenient to dip infectivity tests after
42 hours, as was our standard practice, and 66 hours
were allowed to elapse before the eggs were dipped,
and the flunids tested for haemagglutinin. It was
noticed that some of these titrations gave a con-

siderably higher titre for fluids of the same group
which had been tested after 42 hours incubation.

7.22 In order to test this discrepancy, all
infectivity tests were dipped aseptically after
42, 66 and finally after 90 hours incubation. The
results are recorded in Table II, ahd show the

infectivity titres (ID50) expressed in logl0 units
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per ml of allantoiec fluid, harvested from eggs
pretreated with varying doses of potassium perio-
date, and inoculated with concentrated and dilute

seed of LEE virus.

It will be seen from Table II (7.22) that
following inoculation of concentrated and dilute |
seed infto untreated eggs the fluids yielded showed
1ittle_increasé in titre when the time of incubation
of infectivity tests was extended from 42 to 66 or
90 hours. Concentrated seed virus yielded fluids
which increased 0.4 and Q.47 1og10 units between
42 - 66, and 42 - 90 hours incubation respectively.
The dilute inoculum yield increased 0.29 and 0.30

loglo units during the same time intervals.

Eggs treated with 0.01 M KIOh after
inoculation of concentrated seed yielded fluids which
showed an identical increase to normal eggs, whilst
increases of 0.5 log. units occurred after dilute |
inocula. Although only 3 samples were tested follow=-
ing the inoculation of concentrated virus into 0.0025M
KI0, treated eggs, the increases of 0.2) did not differ
from that of the previous groups. However fluids

produced by inoculating dilute seed virus into eggs
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treated with 0.,0025 M KIG# showed increases of 0,67

and 0.9% 1og10 units between 42 - 66 and 42 - 90
hours incubation respectively. However eggs treated

with two further 4-fold dilutions of KIOk, 0.000625 M

and 0.,00015625M, showed increases indistinguishable

from those of the untreated eggs. Concentrated seed

eggs showed an increase of 0.65 and 0.78 log1 units
respectively after treatment with 0.000625 M Klou,

and again a normal increment following treatment with

0.000156254 KIO4.

Thus two groups of eggs were conspicuously
different from the others. 1091D50 LEE virus inocu~
lated into eggs preﬁreaﬁed with 1.0 ml of M/1600

L
KI0 , and 10 ID
y’ 50 |
with 1.0 ml of M/400 KIO#, yielded allantoic fluilds

which markedly increased in infectivity titre on

LEE inoculated into eggs pretreate&_

prolonged incubation. It seemed to indicate that at
high dilutions of virus, particles were present
vhich during the normal period of incubation did not
multiply sufficiently to be detected by the haemaggliu-
tinin test. Two explanations immediately presented
themselves:

(a) The virus so formed may be a slow

starte. This would imply a longer lag period before
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any multiplication éccurred, after which the
normal cyclic increments took place. This would
mean that the groﬁth.curve would be of the sanme
shape as that of normal standard virus, but would
be displaced by some determinablg period of time,
Inocula containing a certain numﬁer of infective
particles will still show haemagglutinin at 42
hours, but where the number of particles is below
this level, insufficient haemagglutinin will have
been produced by 42 hours to be detected by our
standard method. These particles will increase
further and show the presence of haemagglutinin

only after longer incubation.

{b) The multiplication rate of the
virus particles may be altered. This could mani-
fest itself either as a decrease in the c¢yclic
increment and/or the cycle time. The growth curve
of such virus will be less steep than the standard
curve, and the same process as in (a) will occur =~
eggs inoculated with more than the critical number
of particles will have produced sufficlent haemagglu-
tinin to be detected, whilst those in which the
number is less than this requisite level will
remain negative until further multiplication cycles
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increase the titre to the detectable haemagglutinin

level.

Both these possibilities are readily
amenable to experiment and much valuable information

willl be gathered from their elucidation.

7425 - Table II (7.22) showed that varying doses
of potassium periodate affected the multiplieation_
of virus yielded by eggs so treated. Table V (5.52)
showed that different concentrations of KIOh induéed
the formation of varying amounts of incomplete virus
in eggs, and the effect of combining these two sets
of results is shown in Table III. The average ratios
shown in Table V (5.52) have been adjusted by their
respective increments, Table II (7.22), and thus the

effect of increasing incubation is tabulated as ID/HA

ratio per ml allantoic fluid.

Treatment 102 1Ip_ 10 ID

1.0 ml KIO, 50 50
Yohr 66hr  90hr Yonr 6@;;_ 90hr

Saline 6422 6,66 6472 587 6416 6;1%

0,002 MKIO: 5.72 5.97 5.97 5.50 6.17 6.4k
0.000625 MKIO 6.31 6.h 5,55 5490 5.92
00001220k, 2o67 .37 enn 2.8 2. %k
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This process has accentuated the effect
of concentrated (0.01M) KIOE on the formation of
incomplete virus. By correcting the ID-~HA ratios
of fluids yielded after varying doses of Klou, for
the "tardiness® of the virus so formed, Table III
(7.25), indicates that after inoculation of 10%IDg,
LEE influenza virus inte KIOk pretreated eggs, only
0.01 M KIGH results in highly significant production
of incomplete virus. The ID-HA ratios of fluids
from eggs treated with 0.0025 M, 0.000625, and
0.00015625 M KIO, being insignificantly different
from standard dilute inocula LEE wirus by 96 hours

after inoculation.

109 ID__LEE on the other hand is found to

yvield very high gg-HA ratios when inoculated into _
normal eggs. Treatment of the eggs with 0,01 M KIOy,
results in the formation of 95% incomplete particles,
whilst 0.0025 M KIOh produces 80% incomplete particles,
However four times less KIOk yields virus insignifi- |

cantly different from 107 ID., LEE virus.

These two effects thus seem to be closely
linked, and warrant more extensive experimentation.
It would be of great interest to determine whether
these virus preparations yield offspring having these
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same properties, or whether on continued multiplie
cation the "partial incompleteness® is overcome,

and normal infective virus produce&. This may

thus be a pseudo-incompleteness, the true incomplete
virus being formed only after treatment with

concentrated KIOH.
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SUMMARY

The first part of this thesis is a literary
survey of work concerned with incomplete forms of in-
fluenza virus. It is pointed out that several investi=~
gatéﬁsw observed the production of non~infectious particles,
but did notl recognize 1t as a new phenomenon and tried to
interpret their results in the light of virological con-
cepts accepted at that time. From 1947 onwards von
Magnus explored the field in detail, and after conclusive-
1y proving that incomplete particles were produced only
after concentrated inocula of virus, developed the theory
of auto-interference. A wealth of data has been proferred
both by him and by other workers in support of this
hypothesis; there are also several points of evidence
incompatible with this view. Following the enumeration
of experimental facts, their relationship is critically
examined and it is conegiuded that of the interpretations
brought forward only one, the "missing factor hypothesis"
of Cairns and Edney fits all tﬁe observations. Accordinély,
this was taken as: the starting point for the experimental
work, which makes up the second part of the thesis,

In search of the "missing factor™ it was found
that some strains of influeﬁza virus do nof produce

‘appreciable amounts of incomplete particles, even after

the most concentrated inocula. Ten strains were examined
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in this respect, and the results allow them to be
arranged into a gradient acecording to their proneness
to form non-infective particles. 1In the allantois

this gradient is PR8 > WSE, MEL>SW->BON, BEL>HUT, CAM>
FMi>LEE, The gradient established in mouse lungs was
fundamentally different. These facts contradict even -
the "missing factor" hypothesis, as neither the virus
nor the host alone can be held respongible for the
phenomenon, and the mechanism has to be connected with

their interaction.

Subsequent work progressed along two lines.
First a search was ma&e among other measurable proper-
tles of these ten strains of influenza virus in order
to find another property or set of properties which
would fall in the same gradient as the production of
incomplete particles. Full details are given of experi-
ments testing adsorption, elution and modification of
cellular receptors both in mouse lungs and the allantois.
All these properties show characteristic gradation which
is however uncorrélated with the gradients of incomplete
virus production. The results should prove useful in
the eharécterization and separation'of strains which
are antigeniéally too closely related to be distinguish-
able. |

The second approach was based on theoretical
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considerations. A hypothesis is first elaborated which
is compatible with observed facts and postulates that
the interaction of virus and host in the earliest
stages of the infective cycle governs the production of
incomplete pafticles. In crucial tests of this hypothe~
sis it is shown that modification of receptors prior to
infection (1.e., treatment of host cells with dilute
solutions of metaferiodate) leads to the production of
non-infeective virus., Such chemical induction of the
phenomenon is effective even with small inocula, and
even with strains which would not normally produce non-
infective offspring. Quantitative data indicate
variation of the periodate-effect between strains and

between virus and host cell.

Experiments on serial passaging of undiluted .
seed showed that strains which did not yield incomplete
virus in measurable amounts after the first ecycle could
be induced to produce some after several passages. 1t
was also shown that production of wholly non-infective
seed is not a practical proposition, as a great decrease
of the infectivity - agglutinin ratio is invariably
accompanied by true interference, and thus a lowered

total output.

A closer examination of the findings suggested

that the current concept of incomplete particles being



8.

non-infective does not strictly hold. Each strain of
influenza virus was shown to produce particles of
partial infectivity", which can go through a‘single

éycle of mnltiplication but no more,

Another form intermediate between fully infec-
tive and non-infective virus is also described. This is
the "tardy virus? which takes 72 to 96 hours to reach
maximal titres in the allantois, in contrast to infective
particles that need not more than 30 to 36 hours. Both
these forms can be induced artificially by pre-~treating
the allantois with smaller amounts of periodate than

needed for the chemical production of incomplete particles.

The implications of these findings are dis~
cussed, and outlines of future research are suggested

where only preliminary results could be presented.



PART IIT : PREPARATIVE TECHNIQUES
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9% MATERIALS
- 9.1 ' | . Chemical Réageﬁts
‘9,11  Saline:

0 857 sodlum ehloride in dlstllled water,
'sterllized by autoelaving at 15 lbs pressure for 20"

minutes.

9.12 _" Calcium Magnesium Saline (Ca Mg Sallne)
| 0.85% sodium chloride

0,0079% magnesium chloride _
| 0,0028% calclum chloride, dlssolved in
.distilled water, adjusted to pH 7.2 with 0. 02 M borate _
buffer and sterilized by autoclaving at 15 lbs pressure-, ;i
for 20 minutes. S

9.13 Citrate Saline: |
|  0.45% sodium chloride
2.0% sodium citrate o |

0.0063% citric acid, dissolved in distilied ”TT[g:

water, adjusted to pH 7.2 with 0.025 M Tris buffer and

 sterilized by autoclaving at 15 lbs pressure for 20 minuﬁé$? 

9.1 Glycerol Saline:
Sterile glycerol was added to saline (9.11) fo '-;'



9.15

9.16

9.17

9.1% = 9.17 -

give a final concentration of 0.33 M and kept at 4°C,

Horse Serum Saline:

1 volume of 8eitz filtered horse serum was

added to 9 volumes of sterile saline (9.11).

Gelatin Saline:

0.5% gelatin was added to hot CaMg saline (9.12)
filtered and sterilized by autoclaving at 15 lbs pressure

for 20 minutes.

Potassium Periodate:(KIOy):

Potassium periodate was dissolved in saline
(9.11) to give a concentration of 0,01 M, and kept in a
dark bottle at 4°C. Preparations no more than three

weeks o0ld were used.
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9.21

9.22

9.23_

 EgEst

Biological Reagents

Reé Blooé Cells:

Venous blood taken from whlte Leghorn fowls

. was mixed 1mmedlately with one tenth 1ts volume of clt~ e

rate saline (9 13)._ ‘The cells were centrlfuged and

washed thrice in saline (9.11) The final round of

centrlfuglng was contlnued for 5 minutes at 1, 000 G, the
supernatant removed and the packed cells stored at hOC._ S

Red cell’ su3pens1ons of 54 strength were made

up each day, No packed cells older than 3 days Were used; f

Eggs from whlte Leghorn fowls Were 1ncubated at o
38. 5°C and 65% humidity, and mechanically turned tW1ce R
daily. After 11-12 days the eggs were candled and those i”

fertlle were used as required. -

5-7 weeks old mice (average weight 22r30 gm)

were used. The original stock was derived from the -

Walter and Eliza Hall Institute colony, and maintained
in the Animal Breeding Establishment of the Australiag;:  {;f
National University,
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-_;.9;3f? 9331flﬁya:,

Strains of Influenza Used.

ALl stralns were adapted to grow in the allantoic 

cav1ty of the developing chick embryo. .

WSE

'.i:m_ﬁ..ﬁ_lzé.l_r;ﬁ:
substrain of %S, ‘the prototype of influenza A v1rus f:ﬁ

(Smlth,-ﬁndreWes and Laldlaw, 1933), adapted by._  

extensive serial passagé to grow and produce poéks;fj"'

. on the chorio-allantois (Burnet5'1936);' N

PRS
- MEL

BEL

CAM

FML

LEE

BON

HUT

(Fraﬁcié, l93%);

(Burnet 1935), _ 
(Burnet Beverldge, Bull and Clark, 19%2).

_ Txpe A-prlme strain5°
(Anderson, 194?),_

prototype of A-prime virus (Rasmussen, Stokes and S
Smadel 1948).

Type B strains:

prototype of influenza B virus (Francis, 1940); .
(Beveridge, Burnet and Williams, 194k);

(Burnet, Stone and Anderson, 1946).
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Swine influenza:

SW the classical "Strain 15" of Shope (1931).
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10.1

10,11

10.12

‘METHODS

Preparation of Virus.

rilllng of eggs:

Eggs which were fertile after 11 days 1ncubationf:f
weTe candled and the 9051t10n of the air space marked.-.£; i}
second mark was made over the allantoic cavzty away from
the large veins, and here & small hole was drilled through Ei

the'shéll exp031ng, but not damaglng the shell membrane.__f,ﬁ

:Over'this hole a dab of hot paraffin wax was placed to g

- sterilize the area and to seal the chorion to the shell

membrane. A small hole was then drllled over the air-_-f;“”

 space and through the shell membrane, which allowed large

'volumes of 1noculum to be quickly sucked into the allant01c jf

caV1ty ~ the’ contents of the egg subsiding into the air

" space. The eggs were then placed at 35°C ready for use.{?1 

Growth of Virus:

Vlruses used in this study were grown by the o 5

‘standard method laid down by Beveridge and Burnet (19h6).

Batches of 11-12 day eggs (10.11) were inoculated with O. 1

ml of sterile horse serum saline (9.15), containing not o

more than 10h infective units of virus, 100 units of penie~5_f

illin and 100 pg of streptomycin. After a further h2~h4
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o 012-1003

hours incubation at 35°C the eggs Wére'éhilled at Moc’fér  T

at least 2 hours, and the allantoiec fluid harvested asep-'

tlcally, and stored at 4°C.  These fluids were tested for'f

'haemagglutinin content, and those show;ng hzgh tltre were--_

 used in each experlment w1th1n 3 hours of harvestlng.,.

N Harve5u1ng of Allant01c Fluld'

Two methods weTe used to obtain allant01¢ fluld

from ezgs previously 1noculated with- 1nfluenza virus. ;f- S

(a) Preparation of stock v1rus.

_ If the total volume of allant01c fluld was'
requlred the eggs were chllled at hoc for at 1éast 2

hours. The snell was then cut away from the alr space :* f

_ and using sterlle forceps a small hole was ‘made in the

shell membrane and the chorlon. | The allant01c fluld was
then drawn off with a Pasteur plnette ihto sterlle test
tubes for each egg.  The fluids were placed 1mmediately g"

into an icéwbath, and then kept at MOC till requ;red,-

(b) Samplm“g,o;;éggi__ |
If a small volums of allantoic fluid only was

required, a special "dipping pipette'" was used. It was ..'
a small version of Henle and Henle's (194k) “harvestlng
pipette". 7 mm diameter glass tubing was heated in a f

flame, pulled oub; the end sealed and a small hole blowﬁff; f
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in the side of the drawn-out part about 4 mm from the tip.

By this means interference from extrauembrybﬁic'structﬁréégi
which renders sampling with ordinary Pasteur pipetﬁes'cum;7 '

bersome,'is eliminated." Without prev1ous chllllng a hole e

'3 mm in diameter was poked through the paraffln seal and -

"about 0. 2 ml of allantoic fluid was ea31ly thhdrawn With

a dlpping pipette. Each plpette was sterlllzed 1n b011~ :f;

ing water between each sample.

Maintenance of Stock Seed- |
In order to obtaln v1rus suspen31ons as nearly

51m11ar to the prev1ous ones as poss1ble, stock seed v1rus

‘Wwas prepared. A 51ngle allantoic fluid of hlgh v1rus

tltre, harvested from aggs 1noculated hz hours preV1ously

with a 10~ ~H dilution of the requlred strain, was dlluted

'with sterlle glycerol to give a 504 solutlon. ' This pre-_ f5

paratlon was placed at -10°¢ and in this Way remalned of

‘high infectivity for many months. Stock virus preparatzons?

N

were then made by using as inoculum a 10 dllutlon of

‘this seed.
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| Prénar tion of Receptor=Destrovin Ehz"e HDE R

The Method of Burnet ang Stone"

In 1947 Burnet and Stone publlshed a method fcr :_

the preparatlon of the receptor-destroylng enzyme (RDE) of '

.Vlbrlo cholerae.' Plates of l% nutrient agar Were 1noc-:-f f

ulated W1th a few dr0ps of a broth culture of the Vlbrlo
strain to be useé and the plates 1ncubated for 16 hours at  1
37°C. The surface growth was scraped off w1th a glass '
rod, and the agar removed into a gauze bag inside a Buchner;;
funnel The gauze bag was txed and the fluld pressed OUt]:T
by a Weighteﬁ eylindrical jar fitting elosely 1nto the top L
of_the funnel. The expressed fluid was centrlfuged if  ; ff
necessar?'and.passed through a Seitz fllter. | These“agar' s
filtratés“'had a pH beﬁWeeﬁ.? 5 and 8.5. The #Z strain_f*b

of Vibrio cholerae was the one most frequently used

The Modified Method:

In this study, a modified version of that'of’{ L
Burnet and Stone (10.21) was used. One ml of a 6Ahéu:  ”  m
nutrient broth culture of the 4Z strain of Vibrio cholerae
was spread on to 0,5% nutrient agar plates, (aréa'apbrbx;  1'
imately 50 square inches). The plates were incubatéafaifl
33-35°C for 18 hours, and the uncontaminated plates Weréff '“ 

then scraped into a large container. Caleium chloride, t§'"”



give'a concentfétion Of'd.5% calcium was added and'tﬁ§ pH:;f
adjusted to 6.0 using 1 N HCLl and the Brom'Cresol.Pufple]__z
indiecator end-point. The preparation was then heated in-
a water-bath at 55°C for 30 mlnutes and then frozen over~-”*
' n1ght. After thaW1ng, the preparatlon was flltered through

:a Buchner funriel and then Seitz filtered..

10,23 'Ligui&'Culﬁure'Method~- |
A third method for the preparatlon of RDE was f7, 
.using a liquid medium, of the follow1ng composxtion'-z,-: '
Heart 1nfuszon broth adjusted to pH 7.6 Wlth Trls buffer,.:'
and contalnlng 0. Ol% caleium, The medium was sterilized '
'by autoclav1ng at 15 lbs pressure for 20 minutes._' S
One ml of a é-hour heart 1nfu51on broth culture E
of the 47 strain of Vibrio cholerae was added to 100 ml
volumes of this medium, and the bottles aeréféd-byfcbﬂtiﬁ; ff
ual rotation through'360Q.in the.vertical.plane 12 timééﬁ_7” 
' per'minute at 3500, 18 hours later,'calcium-chioride wé${  
added to a concentration of 0 5% calcium, The pH'wéé'ad;T £
Justed to 6.0 using the Brom Cresol Purple indicator end*-f”
point and the bottles submerged in a water bath at 55 C forif
30 minutes. The fluid was then centrifuged at 1, 000 G,
for 15 minutes, and the clear supernatant removed asepti-_  i

cally, and stored at 4°c.
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As M‘ 0

aen utinin test for influenza USe

(a) Method 1l: Haemagglutination titration in tubeg.

Serial two-fold dilutions of the test material
were made in 0,25 ml vblumes_of saline, using a calibrated
0,25 ml ?ipette for mixing. One drop (0.025 ml delivered
from a standard pipette) of a 5% fowl red blood cell sus=
pension was added to each tube, the racks Shaken vigorously
and allowed to stand at room temperature (180-2h°) for 2%
minutes. The pattern of settled red cells was read, a
conventional pattern of partial agglutination ("one plus®)

marking the end point. The titre of the sampleﬂis the

reciprocal of this dilutione.

(b) Method 2: Haemagglutination titration in
plastic travse

Transparent plastic trays were used to replace
the conventional tubes and racks of Method 1. These
trays were obtained from Prestward Ltd., Lombard Street,

London and were cast off a die owned by the Medical Research

Couneil of Great Britain. Depressions in each tray are

15 mm in diameter, 11 mm maximal depth and have perfectly
hemispherical bottoms. Volumes of 0.25 ml saline were |
delivered into each depression with an automatic pipette,

and doubling dilutions of the test material were made with



the aid of Takatﬁm%(lQSO)'spiral loop. To each dilutidn _
one standard drop (0.025 ml) of a 5% fowl red cell su$~'   
pension was added from a calibrated dropping pipette, and
the trays shaken and left standing at room temperature.
The pattern of settled red cells was read (the same con-
ventional degree of agglutination as in Method 1, being
taken a&s the end point) 35 minutes later. The titre of

the sample is the reciprocal of this dilution.

(c¢) Reproducibility and accuraey.

The standard haemagglutinating unit (HA) is _'_'

taken as that dilution of virus which agglutinates td'a:_
set degree an equal volume of 1% fowl red cells. Thuslﬁcwﬁt
convert the results of the haemagglutinin tests above t§ f;:
standard HA units, the titres must be divided by 2, In
each Table, haemagglutinin titres are expressed in 1og15 f_ 
units per ml, that is all titres, convérted to standard'ﬁﬁ,g
units, were multiplied by a factor of 4, Methods (a)-and i 
(b) gave squivalent results. o
Quality control tests showed method (aj to

have a variance of 0,0362 log, units, and thus.an erfor dff 
a single titration of * 0.189 log, units, i.e. 1M4%. | : -
Method (b) showed a variance of 0,0123 logs unifs, and an i  
error for a single titration of = 0,111 log, units, iven

about 8%.
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Method (b) was used for all haemagglutinin
titrations after we obtained the plastic trays, because of
the greater speed and accuracy attainable by this method.
It was also a simpler technique as the human element 1s
almost completely eliminated by the automatic pipette, and
the spiral loop, and the plastic trays proved much easier
to handle than tubes and trays. The continual breakage
of tubes during washing and drying also made method (b)

cheaper than method (a) over any reasonable period of time.

T ti f infe y of inf v

Serial 3.16 fold (logl0 0.5) dilutions of the
material to be tested were prepared in horse serum aaline,
previously chilled at hOC, and all tubes were kept in
an ice bath until used. Penicillin, to give a concentration
of 100 units, and streptomye¢in, 100 ug per egg, were added.
Groups of five ll-day-old eggs were inoculated allantoically
with 0.1 ml volumes of the dilutions, and the eggs incubated
at 35°C for 4245 hours, Without previous e¢hilling each
egg was dipped (10.13 (b)). About 0.2 ml allantoic fluid
was pipetted into a clean dry test tube and one standard
drop (0.025 ml) of a 5% fowl red blood cell suspension was
added to each sample. The racks were well shaken and
allowed to stand at room temperature for 25 minutes. As

the red cells were either completely agglutinated or showed
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no agglutination, the results were'feéorded as'p@siti?é pr_;i
negative respectively. The positive (infeéted) and ﬁegf fL:
ative (non-infected) eggs were summed and the eﬁd—pqint}fi
calculated by the method of Reed-aﬁd-Muench'(1938) As f77 

' w1th haemagglutlnatlng units (HA), the 1nfectiv1ty tltres  “§
have been calculated to refer to 1.0 ml volumes of allantoic
fluid, and are expressed in 1oglo unlts, The abbrev1at10n-;

"IDgg" for infectivity titre is used in all Tables.

10,33 Titration of the Receptor Destréviﬁg'ﬁnzvmé. L |
. _ The method used was essentlally 31m1mar to that
’orlglnally descrlbed by Burnet and Stone (19%7) Two-fold fﬁ
.dilutlons of the preparation to be tested were made in testi{
tubes in 0.25 ml volumes of calcium magn951um sallne.' T6 '.
each tube one standard drop (0. 025 ml) of 5% fowl red blood_k
" cells was added and after shaking, the racks were placed_r_':
in a 379C waterbath. ~After 30 minutes the racks were
shaken vigorously and returned to the waterbath for'é;fuf§_f 
ther 30 minutes. 0.033 ml of a_solutibn of 20%’sodium: :'..
citrate in water was added to each tube, the rack5'éhakeh _ 
and then a standard drop containing &b agglutinating &ésés'
of active MEL virus was added to each. The racks were   f g
placed at 4°C and after 30 minutes the pattern of settled
red cells was read. The same degree of partial agglutlnation

was taken as end point as in haemagglutination tltratlons._



The titre, expressed as the reciprocal of the diluti’o?l’ S
- giving “one plus“'agglﬁﬁination,_ shows directly the un:l.ts

of RDE activity per 0.25 ml of the original preparation.
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Adsorption TechniqﬁagL

‘Allantoic membrane method.

(a) Prevaration of Deembrxonated Eggs.

A circle 1% 1nches in dlameter Was drawn around
the albumen end of each egg. = With a sharp pair of sc1ssorsf
the shell, shell membrane and chorion were cut around_tn;s_,}
line, and the contents of the egg carefully eMptied; ' Thefi.
reflexions of the chorioallantois plus the strand of main
vessels had first to be cut, after some of the allantoic |
flu;d ‘had been discarded. The eggs ‘were immadlately fllled;
with saline at room temperature, and washed W1th sallne _;-f”
until all the blood had been removed © Caleium sallne was. |
then added and the eggs kept at room tnmperature untll '
required. | | | _  o |
| Each'egg'was then drained bf saliné, ﬁhé sheliV:: 
immediately below the cut edge dried with paper tissue, and
the eggs topped with aluminium bottle caps. These cabs' _ 1
were sealed to the shell by a dab of hot paraffln wax, and
the eggs were then placed in a holder taking 36 eggs. Thefl'
holders were designed to fit into the frame of a machiné e
which then rolled the eggs through 360°, 12 times per minute,
with the long axis of the eggs inelined at 17° to tne hori~\;

zontal,
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(b) Sampling of fluid. RS
Fluid was introduced into the deembryonated eggsf:f

(10,41 (a)) through a %" hole in the metal caps, using'a--"

syringe and needle. The rolling technlque ensured that 3
the whole of the fluid came into contact W1th the max1mum.° 
area of membrane. Samples of fluld could be withdrawn durQ
ing the experiment using a pipette, through the small hole,'ﬁ
and the final sample was made by remov1ng the metal cap and' 

pipetting out the fluid.

Excised lung technlgue. |
S (a) The gregaratlon of the mouse lun g |
The method used was essentlally similar to that

 described by Fazekas de St. Groth (l9h8a) C8ix to elght

weeks old mice of the same breed and mixed sexes were used. E
Whilst under light ether-chloroform (2:1) anaesthesia the'f_;
peritoneal cavily was opened from: the front and the dlam':;ﬁ
phragm pierced to cause the lungs to collapse, The thoracic
cavity was then opened and the heart excised. Then, beglnnu
ing 1mmed1aée1y behind the larynx, the trachea»lung complex f
was removed. The outer surfaces of the lungs were then

rinsed by dipping in saline, and then the upper end-of_thé”?€
trachea passed over a glass canule insérted in a one-holé;; :

stopper, and tied to it by thread. The stopper was p&aced

in a glass vessel which was essentially a short test tube



with a 31de arm, to whlch Was attached a rubber tube. -
Through thls rubber tube by appreprlate blowing and sucklng,ﬁt
fluid coumd be expelled from or drawn into the lungs.-__héf,,
tube contazned suff1c1ent 11qu1d para&fin to support the :
| lungs the 1evel being adjusted according to the length of :?}

'the trachea,

_ (b) Exgerlmental technigue. - S
| Flu;ds Wlth which the reSpltatory surface of the

- 1ungs were to be treated were dellvered by means of a Callﬂ;; 
' brated Pasteur plpette into the glass cannule inserted into:f.
the trachea, and from there aspirated 1nto the lungs by
gentle suctlon.: A metal spring clip on the rubber tubing
provided a ‘means of maintalnlng the requlred pressure in %'”7;
'the lungs.' . N . - | , -
- _' 0.5 ml was the most frequently used volume of 2
 rluid. f or the first 0. 5 ml sucked into the 1ungs usually ;if
.only about 0 % ml could be expelled, a eertaln.amount of ;;f
fluid remamnlng behlnd in the bronchloles.-f Thereafter o
O 5 ml volumes could be sucked in and expeiled wlth an |
| accuracy of 0. 02 ml Sometlmes flrst washing flulds of ?3f
the 1ungs contalned blood and these lungs were dlscarded. _ :”
Flulds which had been asplrated and expelled from the lungs:if
were removed from the glass cannule by means of a Pasteur'f”:”

pipette.
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