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Facts have been presented recently which indicate that propagation of in- 
fluenza virus in the allantoic membrane of the chick embryo occurs in stages. 
They were derived from investigation along two fines: (a) the inhibitory effect 
upon viral multiplication of secondary injections of homologous virus inac- 
tivated by ultraviolet light; and (b) the order of appearance in the infected 
tissues of various properties associated with influenza virus. In the first series 
of experiments evidence has been presented that propagation of the virus 
occurs in two steps at least. The homologous irradiated virus appears to effect 
the first stage, the production of presumably incomplete, non-infectious virus, 
which subsequently, in the second step, is converted into infectious virus. This 
conversion apparently is not inhibited by the homologous inactivated virus (1). 
In the second approach the first growth cycle following injection of large doses 
of active seed virus was analyzed. I t  appeared that the formation of both the 
soluble and virus-bound complement-fixing antigens preceded that of the 
hemagglutinating capacity (2, 3), and this, in turn, the increase in infectivity 
(3), thus suggesting 3 major steps in virus multiplication. The data published 
by Schlesinger (4) on the development of "incomplete" influenza virus in the 
brain of mice are in fine with this interpretation. These observations require 
further analysis in the fight of the numerous reports concerning substances 
interfering with hemagglutination. 

Inhibitors of hemagglutination, also referred to as receptor substances, have been 
found in extracts of red cells (5-7) and animal tissues (4, 5, 8, 9), in normal animal 
sera (10-12), tears (13), saliva (14), urine (15), mucin derived from various animal 
sources (16), egg white (17-19), and also in allantoic fluid (19-22) and membranes 
(20). These inhibitors seem to be devoid of any significant effect upon the infectivity 
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of the virus (5, 8, 18, 19, 23). All indications at present point to a mucoprotein nature 
of these substances (6, 19, 24-26). They are affected by periodate (24) and trypsin 
(19) and resist, in many instances, heating at 70°C. or higher (5, 8, 19, 21). The virus 
apparently possesses enzyme activities which permit destruction of red cell receptors 
and inhibitors (27). This property of the virus can largely be destroyed by heating 
of virus to 50 to 56°C., depending on the strain, without seriously affecting the hemag- 
glutinating activity. An enzyme of similar nature has been found in culture filtrates 
of V. cholerae (28) which has been called receptor-destroying enzyme or RDE. 

The inhibitor in normal allantoic fluid has been studied extensively by Svedmyr 
(21, 23, 26) and Hardy and Horsfall (19), mainly by the inhibition of hemagglutina- 
tion technic. The inhibitor increases in quantity from the 9th to 15th day of embryonic 
development. I t  is only partially sedimentable in the high speed centrifuge. I t  combines 
with the virus which thus is prevented from being adsorbed onto red blood cells. 
Upon incubation at 37°C. the inhibitor is gradually destroyed by virus action and as 
a result hemagglutinins become free and measurable again. Similarly, in dvo, the in- 
hibitor in allantoic fluid decreases gradually after infection. But the inhibitor is never 
completely destroyed and it has been reported that some inhibitor remains perma- 
nently attached to the virus (19). 

I t  is obvious from this resum~ (more detailed reviews on this subject have 
been published recently (29, 30)) that  inhibitors of hemagglutination in al- 
lantoic fluid as well as in membrane must be considered in analyses of various 
phases of the host-virus interactions in the chick embryo-influenza virus sys- 
tem. In  the studies to be reported the inhibitory properties of these materials 
derived from in vivo, or growth curve, experiments (1, 3) were compared with 
those obtained from in vitro tests in which virus was mixed with normal al- 
lantoic fluid or membrane suspension and incubated at 37°C. for various periods 
of time. In both types of experiments virus was used in the infective state as 
well as after inactivation by ultraviolet light so that  it no longer was able to 
increase in quantity but retained its interfering and hemagglutinating capaci- 
ties (31). Three major problems were explored. The first concerned the effect 
of inhibitor upon the hemagglutinin titer of the active or irradiated virus added 
to the systems, the changes occurring during the experimental periods, and the 
results of various manipulations. In the second set of experiments at tempts 
were made to determine changes in the concentration of inhibitor as a result 
of virus action. The various materials derived from in vivo and in vitro experi- 
ments were heated to 70°C. in order to destroy the hemagglutinins present, 
and thereafter, assayed for inhibition of hemagglutination against test virus 
preparations. Finally, the third approach involved t h e  adsorption onto red 
cells of hemagglutinins from the various materials and the subsequent elution 
therefrom. 

Methods and Materials 

Virus.--The PR8 strain of influenza A virus was used throughout these studies. The virus 
was prepared by inoculation of I0 to 12 day old chick embryos by the allantoic route with 
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0.2 ml. of infected allantoic fluid diluted in beef heart infusion broth to 10 -6 or 10-L After 
incubation of the infected eggs for 48 hours at 36 to 37°C. the allantoic fluids were collected. 
For in vivo or in vitro experiments, in which seed was required both in the infective state and 
inactivated by ultraviolet irradiation, the allantoic fluids were dialyzed for 16 to 36 hours at 
4°C. against 20 volumes of phosphate buffered saline solution at pH 7.0. Portions of the di- 
alyzed fluids were irradiated by ultraviolet light for a period sufficient to destroy the repro- 
ducing capacity of the virus but not the interfering and hemagglutinating activities as pre- 
viousiy described (31). In the hemagglutination-inhibition tests the ailantoic fluids were used 
native or after heating to 56°C. for 30 minutes (12). 

In Vi~o Experimmas (Growth Curves).--These were conducted, as previously described (3), 
by injecting 0.2 to 0.5 ml. of undiluted seed virus into adequate numbers of 13 to 14 day old 
chick embryos. Allantoic fluids and membranes were collected from groups of 4 to 6 eggs at 
hourly intervals and the suspensions of membranes were prepared, sometimes after storage 
for a few days at --20°C., according to the established technics (1, 3). Aliquots of the various 
materials were (a) left untreated; (b) heated at 56°C. for 30 minutes to inactivate their eluting 
and inhibitor-destroying activities; and (c) heated at 70°C. for 30 minutes to destroy their 
hemaggiutinating activity but not their inhibitory properties. The latter preparations were 
cleared of precipitates by centrifugation which did not lower their inhibitory activity. In all 
experiments allantoic fluids and membranes were collected from uninoculated eggs for control 
purposes and treated in a manner identical with that used for the infected preparations. All 
preparations were stored at 4°C. for short periods of time until the various tests could be per- 
formed, usually not longer than 24 hours. 

In Vitro Experiments.--Allantoic fluids and membranes were collected from 13 to 14 
day old normal embryos and the tissues were suspended in saline solution in a manner similar 
to that used for the infected ailantoic membranes. Active or irradiated virus was added to 
allquots of these materials in proportions similar to those encountered in the in vi¢o experiments; 
i.e., 12 ml. aliquots of normal fluid or membrane suspension were mixed with 0.5 to I ml. of 
virus preparation. The mixtures were incubated in a water bath at 37°C. and samples were 
removed after 0, S, and 30 minutes, and after I, 2, 4 and 18 hours. As in the in viva experiments 
aliquots were (a) left untreated, (b) heated to 56°C., and (c) to 70°C. for 30 minutes. For pur- 
poses of control virus was added to saline solutions instead of normal allantoic fluid or mem- 
brane suspension, and saline solution was mixed with normal allantoic fluid or membrane 
suspension instead of virus. These preparations were kept under the same conditions as the 
experimental preparations. 

llemagglutination Test.--Serial 2-fold dilutions of the preparations were made in saline 
solution, using 0.4 ml. volumes, and 0.2 ml. of a i per cent suspension of thrice washed chicken 
red cells was added. The test mixtures were incubated in the cold room at 4°C. for i to 1½ hours 
and read according to the pattern formed by the red cells at the bottom of the tubes. The last 
tube giving partial but definite agglutination (4-) was considered the endpoint which is ex- 
pressed as the reciprocal of that dilution. In case the last reacting dilution gave -4- agglutina- 
tion the 4- endpoint was interpolated halfway between this and the next higher dilution. 

Hemagglutination-Inhibition Tests.--Multiple series of 2-fold dilutions of native or heated 
test virus (56°C. for 30 minutes) were prepared, using 0.2 ml. volumes. To individual rows of 
the test virus dilutions was added 0.2 ml. of one of the materials heated at 70°C. for 30 min- 
utes. Subsequently 0.2 ml. of a 1 per cent suspension of chicken red cells was added to each 
tube and the test was incubated at 4°C. and read according to the same criteria as were used 
for the hemagglutination test. The difference in the titer of the test virus in saline and that 
obtained in the presence of the materials heated to 70°C. indicates the degree of inhibition. I t  
is expressed as the fraction of the control virus titer. 

Adsorption-Elution Curves.--Equal parts of virus preparation and a 3 per cent suspension 
of chicken red cells, both prechiIIed, were mixed, incubated in an ice bath, and samples were 
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removed after 1/~ and 1 hour. At that time the mixture was transferred to a water bath at 
37°C. and further samples were removed after ~ ,  1, 2, and 4 hours. The samples were im- 
mediately centrifuged, the two removed from the ice bath in chilled centrifuge cups, at 2,000 
g.p.~r, for a few minutes in order to remove the red cells and the supernates were saved for 
determination of the residual hemagglutinin titers. Samples of the virus preparations diluted 
2-fold in saline solution served for determination of the original titer. In a few tests, the 
virus--red cell mixtures were incubated immediately at 37°C. for adsorption elution curves. 
In that case samples were taken after 5 minutes, ~ ,  1, 2, and 4 hours. 

Receptor-Destroying enzyme of V. cholerae Culture Filtrates (RDE)L--The 35A3 strain of 
V. cholerae was grown in tryptose broth for 16 to 18 hours at 37°C. The culture was cleared 
by centrifugation and the supernate passed through a Berkefeld N filter. The filtrate was 
tested for its activity according to the method of Buruet (28). It  was added in 1/2 to 1/10 
volumes to the various virus preparations and incubated at 37°C. for 2 hours. The addition 
of calcium ions was found unnecessary. Hemagglutination tests were then performed in 2 
per cent citrate saline. Control tests were conducted with virus preparations to which un- 
inoculated tryptose broth had been added. 

Periodate Treatment.--Four parts of the various preparations were mixed with one part 
of 0.1 z~ NalO4 and incubated for 30 minutes at 37°C. Thereafter the periodate was neu- 
tralized by one part of 40 per cent glucose. For control purposes saline solution was used as 
a substitute for the periodate. 

EXPERIMENTAL 

1. Influence of Inhibitor upon Hemagglutinin Titers 

(a) In  Vivo Experiments.--The aUantoic fluids and membrane suspensions 

collected after varying periods of incubat ion following injection of active or 

irradiated seed virus were tested for their hemagglut inat ing capacity before 
and after heating to 56°C. for 30 minutes.  The results are shown in the left- 

hand charts of Fig. 1. As can be seen the hemagglut inin titers in the nat ive  

allantoic fluids following injection of active seed showed the type of curve 
previously reported (3); a constant  level of residual, non-adsorbed seed hemag- 

glutinins for 3 hours, followed by  a marked rise in activity. When the aUantoic 
fluids were heated to 56°C. the curve was similar except tha t  the fiters were 2 
to 4 times lower. Such decreases in titer were noted also with the seed virus 
upon heating. The hemagglutinin titers in fluids obtained after injection of 
irradiated virus remained constant  for the period of the experiment (non- 

adsorbed seed) and the difference between the heated and non-heated harvests 
was about  4-fold. In  other experiments a slight decrease in titer became ap- 

parent  at the 24 hour interval. 
Considering the membrane suspensions from the active seed series no hemag- 

glut inat ion was found for 3 hours in agreement with previous observations (3). 
Thereafter a rapid increase occurred. When the suspensions were heated to 
56°C. the la tent  period extended over 5 hours and the difference between the 
titers in the nat ive and heated preparations thereafter decreased only slowly 
from 32- to 4-fold. Following injection of irradiated virus no hemagglutinins 

x The RDE preparations were kindly furnished by Dr. Maria Wiener Kirber. 
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appeared in the membranes. The discrepancy between the fluids and membranes 
in the effect of heat  can possibly be explained on the basis of the presence of 
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FIG. 1. Hemagglutinin titers (HA) of allantoic fluid and membrane suspensions (heated 
to 56°C. or native) derived from in vivo and in vitro experiments with active or irradiated 
(UV) seed after various hours of incubation. The broken horizontal Unes in this and subse- 
quent figures denote the starting dilution of the materials under test. C = virus control in 
~aline solution. 

greater concentrations of inhibitor in the earlier harvests of membrane, heated 
virus being more susceptible to its action (12). Furthermore, in the unheated 
preparations, the active virus may destroy additional inhibitor during the period 
elapsing between the preparation of the suspension and the hemagglutination 
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test. Finally, hemagglutinins in the early harvests may possibly be more 
susceptible to heat. 

I t  had been noted previously in growth curve experiments with active 
virus that membrane preparations of the 3 to 6 hour harvests, which were 
originally negative or showed low titers, revealed some hemagglutination ac- 
tivity or an increase in titer if the test after the first reading was shaken and 
the red cells allowed to settle again (3), or when the membrane suspensions 
were retested after several days of storage at 4°C. This indicated the destruction 
of inhibitor by the active virus present in the preparations. The interaction of 
inhibitor in the earlier membrane harvests could be shown more clearly by the 
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Fro. 2. The effect of RDE upon the hemagglutinin titers (HA) of allantoic fluids and the 
hemagglutinin and complement-fixing antigen titers (CF) of allantoic membrane suspensions 
derived from an in v/vo experiment. 

effect of RDE upon the hemagglutinin titers. An experiment to illustrate this 
point is shown in Fig. 2. Aliquots of the various allantoic fluids and membrane 
suspensions were treated with RDE and the hemagglutinin titers of the treated 
preparations were compared with those obtained with the control materials. 
There was no significant difference in the hemagglutinin titers in the fluids 
but a marked change was noted in the membrane suspensions. The latent 
period was reduced to 2 hours by RDE and up to the 5th hour the titers in 
the treated group were higher than in the non-treated preparations. Thereafter 
the results were identical. Complement fixation tests with the membrane 
suspensions did not show such a change in the time relationships nor in the 
titers. 
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(b) In  Vitro Experiments.--The above experiments were complicated by 
the fact that with the active seed the amount of virus, of course, increased 
during the experimental period, and consequently it can be assumed that in- 
hibitor will be destroyed more and more rapidly. Furthermore, additional 
inhibitor may be formed by the host tissues. Although in the in vitro tests the 
reagents are constant these experiments are nevertheless not strictly comparable 
to the conditions encountered in growth curves since in vitro all the inhibitor 
in the normal membrane suspension is accessible to the virus, whereas in vivo 
it can reach presumably only the inhibitor incorporated in the entodermal 
layer. The results of an experiment of this kind are presented in the right-hand 
charts of Fig. 1. 

As can be seen, there were no significant differences between the results 
obtained with active and irradiated virus when added to the normal materials. 
The hemagglutinin titers in the normal fluid-virus mixtures showed some 
evidence of inhibition when compared with the saline-virus control. They were 
lowest immediately after mixing, increased thereafter over a period of 2 hours 
and they stayed constant for the next 2 hours. A decrease was noted in 18 
hours, possibly as a result of hemagglutinin destruction over this period of 
time at 37°C. This was not noted in other experiments. In the samples heated 
to 56°C. the titers were generally lower than in the native preparations and 
the difference in titer was greatest in the 0 and 5 minute samples; i.e. they 
showed a 6- to 10-fold decrease, whereas later on it was reduced to about 4-fold. 
The hemagglutinin titer in the unheated as well as in the heated preparations 
never quite reached the corresponding levels of virus diluted in saline solution, 
which stayed constant over the period of incubation. 

In the membrane series the hemagglutinin titers of the unheated prepara- 
tions were considerably lower in the early samples and only in 4 hours was the 
maximal titer reached, which, in turn, was lower than that obtained in saline. 
The heated materials gave titers one-quarter that of the non-heated ones 
except in the 0 and 5 minute preparations where the difference was somewhat 
greater than 6-fold. 

2. Destruction of Inhibitor by Virus Action as Measured 
by ttemagglutinination-Inhibition Tests 

(a) In  Vivo Experiments.--It was considered that changes in the content 
of inhibitor, particularly in the infected allantoic membrane, would offer an 
approach to the determination of virus activity in the early hours after in- 
fection. Consequently, hemagglutination-inhibition tests were performed ac- 
cording to the technic described in the section on methods and materials with 
preparations derived from growth curve experiments and heated to 70°C. 
immediately after harvest. An experiment of this type is shown in the left-hand 
side of Fig. 3. Normal allantoic fluid obtained from eggs of the same batch 
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as was used for the growth curve reduced the hemagglutinin titer to 1/12 to 
1/32 of that of the controls of native or heated test virus (30 minutes, 56°C.) 
in saline solution, respectively. Relatively little inhibitor was left after 1 hour 
of incubation both in the active and irradiated seed virus series. The inhibitor 
gradually decreased further over the next 4 hour period but the hemagglutinin 
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FIG. 3. Reduction in hemagglutinin t i ter (HA) of test virus (native or heated to 56°C.) 
by the inhibitory effect of allantoic fluid and membrane suspensions (heaLed to 70°C.) derived 
from in v/~o and i n  vitro experiments with active or irradiated seed after various hours of 
incubation. N -- normal allantoic fluid or membrane suspension prior to injection or addition 
of seed virus. 

titer never reached the level of the saline control as was noted also by others 
(19). 

In the membrane preparations of the active seed series inhibition remained 
on the normal membrane level for 2 hours. At the time when complement- 
fixation antigens and hemagglutinins (after RDE treatment) became measur- 
able, inhibition began to decrease rapidly and reached the lowest level in 5 
hours. The hemagglutinin titer of the test virus at this stage still was only 
one-third to one-sixth that of the saline control depending on whether native 
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or heated vest virus was employed. With the irradiated seed no change oc- 
curred in the inhibiting activity of the membranes. Treatment of representative 
preparations with RDE removed almost completely the inhibiting effect. 

(b) In Vitro Experiments.--Inhibition tests with materials prepared by 
in vitro incubation of normal allantoic fluid and membrane suspension with 
active or irradiated virus are shown in the right-hand side of Fig. 3. Both 
the active and irradiated virus decreased the inhibitory activity of the normal 
materials at similar rates. In the fluids the loss is rather rapid and even the 0 
hour samples, i.e. removed and heated to 70°C. immediately after mixing of 
normal fluid and virus, showed already distinctly lower inhibitory effects as 
compared to the normal fluid-saline controls. After 1 hour at 37°C. there was 
no significant additional decrease, but the titer of the test virus was stiU only 
one-half to one-third that of the virus control in saline, when native or heated 
test viruses were employed, respectively. 

In the membrane series the results were essentially similar, except that 
maximal loss of inhibition was attained only in 2 to 4 hours at 37°C. and that 
the difference in hemagglutinin titers of native and heated test viruses was 
more marked than in the corresponding fluid preparations. Here again, treat- 
ment of representative preparations with RDE removed almost completely 
the inhibitory activity both in fluids and membranes. 

3. A dsorption-Elution Curves 

(a) In Vivo gxperiments.--Study of adsorption-elution curves obtained with 
hemagglutinins in allantoic fluids and membranes of growth curve experiments 
revealed that the degree of adsorption of hemagglutinins onto red cells at 0°C. 
depended on the time of harvest of the virus materials. This is shown graphically 
in Fig. 4. Fluids collected 2 to 4 hours after injection of active virus (F2 and 
F4) showed only relatively little adsorption at 0°C., the hemagglutinin titers 
decreasing from 12 to 4, and 48 to 16, respectively. The increasingly later 
harvests showed increasingly larger degrees of adsorption. When the virus-red 
cell mixtures were subsequently placed at 37°C. the 2 to 6 hour harvests showed 
distinct additional adsorption of hemagglutinins and elution was apparent 
only after 1 hour at 37°C. In the 8 and 24 hour preparations elution became 
noticeable immediately on transfer of the mixtures to 37°C. yielding adsorption- 
elution curves which resembled those reported previously by Hirst (27). The 
results with the corresponding membrane suspensions were essentially similar. 

When adsorption-elution curves were carried out entirely at 37°C. (Fig. 5) 
it can be seen that adsorption in the early harvest of allantoic fluid was com- 
plete within 5 minutes in that the hemagglutination tests became negative 
in the supernates. In the late harvest (F24) adsorption and elution overlapped 
so that no marked decrease in hemagglutinins was recorded, as has been noted 
previously (27). The latter phenomenon was also observed with membrane 
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suspension (M8), whereas in the early harvest (M4) only an increased speed 
but not an increased degree of adsorption was noted. 

If the various materials were heated to 56°C. for 30 minutes the inhibitor- 
destroying and the eluting capacities of the virus were largely eliminated, and 
consequently, the extent of adsorption onto red cells could be measured more 
accurately. However, heating affects the hemagglutinin titer, particularly of 
the earlier harvests, as has been shown in the first experimental section of 
this paper. Thus, only a qualitative answer can be obtained from an experiment 
such as recorded in Fig. 6. The degree of adsorption of heated hemagglutinins 
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onto red cells at 0°C., again varied with the incubation period of the test ma- 
terial. When the mixtures of virus and erythrocytes were transferred to 37°C. 
additional adsorption occurred in all preparations. I t  is apparent then, that 
the increased adsorption of virus at 37°C. is only partly due to destruction of 
inhibitor and caused to a large extent by an increased rate of adsorption at 
that temperature. No significant elution from the red cells was noted with the 
heated virus. 

When irradiated virus was used as seed for in rivo experiments no changes 
in hemagglutinin titer (residual non-adsorbed seed) occurred in the allantoic 
fluids, as shown above. In the adsorption-elution curves prepared from these 
fluids the ratio of the number of red cells to hemagglutinins in the mixtures 
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remained constant. I t  was found that the degree of adsorption of hemagglutina 
tion at O°C. increased somewhat with the time of intra-allantoic incubation 
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of the test materials, thus indicating a gradual loss of inhibitor. On transfer of 
the virus-red cell mixtures to 37°C. adsorption increased to the extent that no 
hemagglutinins were measurable in the supernates after 1 hour at this tempera- 
ture and only thereafter did elution become evident. These results resemble 
those obtained in the in vitro experiments to be discussed below. 
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I t  has not been possible to separate the hemagglutinating component from 
the inhibitor of adsorption by high speed centrifugation in agreement with 
observations by others using the hemagglutination inhibition test for assay 
(19, 20). The virus was sedimented from al]antoic fluids at 20,000 R.P.~. for 
20 minutes and the pellets were resuspended in buffered saline solution to cor- 
respond to the original volumes. Adsorption-elution curves obtained with these 
materials resembled those presented in Fig. 4, derived from the original virus 
preparations. 
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37°(;:  

When the allantoic fluids and membranes after harvest were incubated at 
37°C. for 2 hours or treated with RDE, the adsorption-elution curves subse- 
quently obtained showed more extensive or almost complete adsorption of 
hemagglutinins at 0°C. Likewise, treatment of the materials with sodium perio- 
date increased the rate of adsorption at 0°C. On the other hand, the eluting 
property of the virus was somewhat affected by NaIO4 treatment as shown in 
Fig. 7. 

(b) In Vitro Experiments.--Adsorption-elution curves with mixtures of native 
(or irradiated) virus and normal allantoic fluid or membrane suspension in- 
cubated at 37°C. for various periods of time are shown in Fig. 8. The degree of 
adsorption onto red cells at 0°C. increased with the time of prior incubation of 
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the mixtures at 37°C. But even after 18 hours at 37°C. adsorption was not as 
marked as with virus in saline solution. On transfer of the red cell virus mix- 
tures to 37°C. additional adsorption occurred where it was low at 0°C., whereas 
in the 18 hour sample elution immediately gained the upper hand. After 1 
hour at 37°C. all samples showed evidence of elution. 

The inhibition of adsorption by normal allantoic fluid was studied further 
without prior incubation with virus but after various manipulations. In the 
experiment shown in Fig. 9, virus was mixed with normal fluid or saline and 
adsorption-elution curves were set up directly. One curve was obtained by 
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FIG. 7. The effect of periodate treatment of al]antoic fluids and membrane suspensions 
from an in dvo experiment (active seed) upon adsorption-elution curves. 

incubating the red cell-virus mixtures first at 0°C. for 1 hour and subsequently 
at 37°C., the other by incubating at 37°C. only. I t  is seen that at 0°C. there 
was a striking difference in adsorption, as in the previous tests, between the 
virus in normal fluid and in saline, whereas at 37°C. both curves were essentially 
similar. 

The type of curve depended on the relative proportions of virus to normal 
fluid; with increasing concentrations of virus the relative adsorption at 0°C. 
increased, and so it did with increasing dilution of normal fluid. When the latter 
was diluted 25-fold the adsorption-elution curves were identical with those 
obtained with virus diluted in saline solution. 

The inhibitor of adsorption in normal fluid was only partially sedimentable 
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in the  h igh  speed cent r i fuge  a t  20,000 R.P.~. for 20 minu te s  as seen in Fig.  10. 

B o t h  the  superna te  and  sed imen t  inh ib i ted  adsorp t ion  of v i rus  on to  red  cells 

a t  0°C.  b u t  when  t ransfer red  to 37°C. adsorp t ion  was rap id  before  e lu t ion  

gained the  upper  hand .  
T h e  inh ib i to r  of adso rp t ion  in n o r m a l  aUantoic  fluid was la rge ly  des t royed  
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by  R D E  or periodate as seen in Fig. 11. I t  was largely removed by  Seitz filtra- 
tion but  was resistant to heating at 70°C. for 30 minutes. 



284 INHIBITOR OF HE.AGGLUTINATION 

DISCUSSION 

The data presented clearly indicate that, depending upon the technic em- 
ployed, inhibitors of hemagglutination may interfere with the proper evaluation 
of viral multiplication in the aHantoic cavity of the chick embryo, on the one 
hand, and offer further insight into the virus activities in the host, on the other. 
The various approaches used will be discussed in the same order as used for 
presentation of the data. 

Influence of Inhibitor on Hemagglutination.--The experiments described in 
this first section indicate that inhibitor of hemagglutination found in allantoic 
fluid may somewhat reduce the hemagglutinin titers in the in vivo and in vitro 
experiments in the very early harvests but after 1 to 2 hours of incubation at 
37°C. it is largely destroyed by virus action and the titers obtained will cor- 
respond more closely to the actual amount of hemagglutinins present. There- 
fore, the inhibitor in fluid does not seem to affect seriously the general inter- 
pretation of the results of growth curves. I t  is realized, however, that the 
technics of assay used are rather insensitive and that more accurate methods 
of titration may yet reveal residual inhibitory effects. 

In the membrane suspensions more inhibitor appears to be present and, 
consequently, reductions in hemagglutinin titers persist over longer periods of 
incubation. In addition one would expect that the in vivo experiments are 
complicated by the unavailability to the seed and growing viruses of a large 
portion of the inhibitor, which will be brought into contact with the virus only 
upon emulsification of the tissue. As a result the data concerning the hemag- 
glutinin content of the membranes obtained from growth curve experiments 
are significantly influenced by inhibitor, particularly in the early harvests, 
and only after 5 hours of incubation, or even later, will the value obtained 
correspond more closely to the actual titer. If the inhibitor in the tissue sus- 
pensions is treated with RDE hemagglutination becomes measurable after a 
latent period of only 2 instead of 3 hours; i.e., by the 3rd instead of by the 4th 
hour. This result shows that the complement-fixing antigens and hemagglutinins 
appear at about the same time, and not the former prior to the latter, as pre- 
viously indicated (2, 3). The earlier results obviously were obscured by the 
interaction of inhibitor. On the other hand, infectivity, which has been reported 
to be unaffected by inhibitor (5, 8, 18, 19, 23), increases in the tissue only 
after about 4 hours of incubation. Preliminary and as yet unpublished data 
obtained in growth curves with and without injection of RDE into the infected 
eggs failed to show a change in the time relationships with regard to infectivity 
and its titers. Thus, the hypothesis of stagewise development of influenza virus 
in the allantoic membrane (1-3) is still supported by the available data. 

Under the conditions of these experiments irradiation of the seed virus by 
ultraviolet light does not affect the inhibitor-destroying property as is evident 
from the in vitro experiments, and the results with the allantoic fluid in the in 
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vivo series. Since no hemagglutinins develop in the membranes following injec- 
tion of irradiated virus the inhibitor-destroying activity could not be measured 
by this technic. 

In comparing the hemagglutination results of the unheated preparations of 
both types of experiments with those obtained with the materials after heating 
to 56°C. it is apparent that some inhibitor is destroyed by the active virus in 
the period elapsing between the harvest and preparation of the tissue suspen- 
sions on the one hand, and the reading of the hemagglutination tests, on the 
other. 

Destruction of Inhibitor by Virus A ction.--The main point of the experiments 
presented in the second section is the fact that the inhibitor in allantoic fluid, 
both in vitro and in vivo, is rapidly decreased by active or irradiated virus. The 
inhibitor in membrane is decreased in vivo measurably only by active but not 
by irradiated virus whereas in vitro both agents are equally effective in lowering 
the inhibitory activity. The loss of inhibitor in membrane in vivo becomes 
apparent at the time the complement-fixing antigens and hemagglutinins ap- 
pear; i.e., after 2 hours of incubation. In vitro, both the active and irradiated 
virus preparations have caused maximal decrease in inhibition by that time. 
Schlesinger, who studied the "incomplete cycle" of influenza virus multiplica- 
tion in the central nervous system of mice, likewise found that loss of inhibitor 
became apparent only at the time hemagglutinins made their appearance (32). 
In order to explain these observations concerning the membrane series one may 
consider several possibilities. 

Although it is known that about 70 per cent of the seed virus, be it infective 
or irradiated, is adsorbed onto the allantoic membranes in vivo (33), it may be 
that only a small fraction of that amount actually "enters" host cells. This 
quantity may be insufficient to destroy significant amounts of inhibitor. In 
case infective seed is used virus material increases in time and at that point 
inhibitor begins to decrease. Irradiated virus, as used in these studies does not 
multiply. 

The assumption that only a small amount of the seed virus "enters" host 
ceils appears to be contradicted by other observations. Only about 1 per cent 
of the seed calculated to be adsorbed can actually be demonstrated in membrane 
suspensions (2, 33). The question which of the fractions, the one found or the 
missing portion, is the one involved in propagation has not been answered 
convincingly although it was demonstrated that the former can be largely 
neutralized by specific antibodies injected into the allantoic cavity without 
markedly affecting propagation (3). This would indicate that the "missing" 
virus is removed from the action of antibody, whereas the small fraction of 
seed which can be recovered is superficiany adsorbed and not responsible for 
propagation. Similarly, the interfering action of irradiated virus can not be 
neutralized by antibodies injected subsequently (34) and the fact that "mul- 
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tiplicity reactivation" may occur (35), likewise, would seem to indicate 
"entrance" of irradiated virus into the cells. If these assumptions are true and 
a relatively large proportion of both iradiated and infective virus "enters" the 
ceils there should be some effect upon inhibitor early after injection in the light 
of their equal inhibitor-destroying activity in vitro. 

I t  is possible that the delay in effect is based upon the quantitative aspects 
of the reaction. After maximal destruction of inhibitor has been achieved by 
infective virus the residual inhibitory activities in membrane suspensions, both 
of the in vivo and in vitro series are distinctly larger than in the corresponding 
fluid series. In both instances the residual amount of inhibitor can be largely 
removed by RDE. This indicates that the reaction may reach an equilibrium, 
as has been reported by Hardy and Horsfall (19). Depending upon the relative 
concentrations of virus and inhibitor more or less of the latter will be destroyed. 
The reaction in membrane suspensions, having greater inhibitory activity, 
may come to a standstill at a lower level than the reaction in the fluid with 
less inhibitor. When the balance is upset by increase in virus material more 
inhibitor will be destroyed. 

In view of the relatively large amount of infective and irradiated virus in- 
volved in these experiments it is questionable whether this explanation suflfices. 
Some thought may be given therefore to the foUowing hypothesis. I t  has been 
postulated in studies of bacteriophage (36) and the same suggestion has been 
made recently with regard to influenza virus (37) that the agent entering the 
host cell loses its identity, it is "disassembled", and, indeed, as has been pointed 
out, it can not be demonstrated by conventional means. This one might assume, 
may also lead to loss of enzyme activity and only when virus material is formed 
and built up to certain levels does this property reappear and consequently 
inhibitor may be destroyed only then. This would presumably happen only in 
the case of active seed virus, whereas with irradiated virus (as used here) no 
such development occurs. 

Adsorption-Elution Curves.--In the interpretation of the data presented in 
the 3rd section one has to consider a number of factors: adsorption is prevented 
by inhibitor at 0°C.; at 37°C. inhibitor is destroyed readily by virus action; 
also, at 37°C., adsorption is more extensive; the rate of dution is more rapid 
at this temperature; and, finally, in some of the experiments the ratio of red 
cells to hemagglutinin units varies and with it the number of adsorption-elution 
cycles prior to final fiberation of the hemagglutinins. Thus the experimental 
conditions are rather complex. However, the 0°C. section of the curves appears 
little influenced by most of the factors mentioned and that is the most revealing 
one in relation to inhibitor. 

The inhibitor of adsorption is gradually rendered ineffective by virus action 
at  37°C. in vivo and in vitro. Virus inactivated by ultraviolet fight is as effective 
as the native agent except that it does not destroy inhibitor in membranes in 
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vivo. It  is inactivated by RDE or periodate; it is resistant to heating at 70°C. 
for 30 minutes; it is only partially sedimentable at 20,000 R.P.~. in the high 
speed centrifuge; and its effect is rapidly lost upon dilution. In every respect 
tested this inhibitor behaves like that measured by hemagglutination inhibition 
tests as reported by others (19, 21, 23). I t  appears then, that the adsorption- 
elution curve technic affords only another test for the determination of in- 
hibitor activity. However, in comparing the results of the first two technics 
discussed above with those considered in this section, it is evident that the 
adsorption-elution curve technic offers a somewhat more sensitive method of 
assay. 

Whether inhibition of adsorption plays a role in infection of the allantoic 
tissue is difficult to evaluate. First of all the inhibition of adsorption onto red 
cells is shown most strikingly at 0°C., whereas at 37°C. with the amount of 
virus employed, the effect is scarcely demonstrable. Judging from the tests 
employing the hemagglutination-inhibition technic, the inhibitor in allantoic 
fluid is mostly destroyed after 1 hour of incubation at 37°C. However, with 
smaller concentrations of seed it would be reasonable to assume that a longer 
period of time elapses before the reaction reaches equilibrium (19). This con- 
sideration may explain the fact that the constant periods of infectivity in the 
allantoic fluids, covering the time from injection of the seed until liberation of 
new generations of virus, may be somewhat shorter (5 hours) when large doses 
are injected (3) as compared to the results with more dilute inocula when the 
period of infectivity extended usually over 6 hours (38, 39). The striking varia- 
tions in constant periods with influenza B virus, which range from 4 to 9 hours, 
depending upon the concentration of the seed (40), have not been correlated 
as yet with the effect of inhibitor. 

S ~ Y  

The role of inhibitors of hemagglutination in the evaluation of host-virus 
interactions in the chick embryo-influenza virus system has been analyzed. 
Comparisons were made between materials (allantoic fluids and membrane 
suspensions) derived from in vivo (growth curve) experiments at hourly intervals 
after inoculation, and from in vitro tests in which normal allantoic fluids and 
membrane suspensions were incubated with virus at 37°C. for various periods 
of time. In both instances large amounts of virus were added to the systems, 
resulting in comparable concentrations of the agent. The seeds employed were 
either fully active or irradiated by ultraviolet light to the extent that the virus 
lost its capacity to increase but kept its interfering and hemagglutinating 
properties. The various materials were assayed for (a) the hemagglutinating 
titers of the virus present in the systems before and after heating to 56°C.; (b) 
the concentration of inhibitor in the materials at various stages of incubation 
after heating to 70°C. for 30 minutes as measured by the hemagglutination- 
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inhibition reaction with native or heated test virus (30 minutes 56°C.); and 
(c) the degree of adsorption of the hemagglutinins present in the materials 
onto chicken red cells at 0°C. and their subsequent elution at 37°C. The effects 
of receptor-destroying enzyme (RDE), treatment with sodium periodate, or 
high speed centrifugation on the inhibitory activities were studied in some of 
the tests. 

The essential results which indicate certain sources of error in the evaluation 
of host-virus interactions as well as means for studying virus activity at the 
early stages of the infectious process, were as follows: 

1. Though some inhibitory effects on hemagglutination were noticeable in 
the allantoic fluid during the 1st hour after inoculation they were, as a rule, 
no longer apparent after this interval, and treatment with RDE did not in- 
crease the hemagglutinin titers. Thus, the interpretation of growth curve data 
concerning allantoic fluids hardly seems to be affected by inhibitor. On the 
other hand, striking effects were noted with the membrane suspensions of 
growth curve experiments in that RDE shortened the latent period to 2 hours 
and the titers in the first few positive samples (4 to 5 hours) increased, whereas 
in later harvests no such effect was noted. Under these conditions complement- 
fixation antigens and hemagglutinins made their appearance in the tissues 
simultaneously and not as previously reported the former prior to the latter. 
However, the infectivity showed increments only several hours after these two 
activities had become measurable. Thus the hypothesis of the stagewise de- 
velopment of influenza virus is still supported by these data. 

2. Using the inhibition of hemagglutination technic it was found that the 
inhibitor in allantoic fluid rapidly decreased as a result of the action of active 
and irradiated virus, but destruction was never complete. In the membranes 
of the in dvo series only active seed led to loss of inhibitor, again without com- 
plete destruction, beginning at the time complement-fixing antigen and hemag- 
glutinins became measurable. Irradiated seed was without effect in vivo whereas, 
in the in vitro tests it equalled the activity of the active virus. The implications 
of this difference in the effectiveness of active and irradiated seed in dvo with 
regard to the understanding of the mode of viral multiplication are discussed. 

3. Although many factors may influence the shape of adsorption-elution 
curves it is felt that at 0°C. the extent of adsorption is directly related to the 
amount of inhibitor present in the systems. In the early hours after inoculation 
the degree of adsorption was relatively small but it increased gradually with 
the time of incubation. The inhibitor of adsorption was destroyed by RDE and 
NaIO4 and was only partially sedimentable by high speed centrifugation. In 
every respect studied its properties corresponded with the findings obtained 
with inhibitors in the hemagglutination-inhibition technic. Although the dif- 
ference in the rapidity of inhibitor destruction as measured by the various 
technics might suggest a multiplicity of inhibitors it is felt that it rather de- 
notes a greater sensitivity of the adsorption technic as compared to the others. 



OSCAR C. LIU AND WERN'ER HELLE 289 

BIBLIOGRAPHY 

1. Henle, W., J. Exp. Med., 1949, 90, 13. 
2. Hoyle, L., Brit. J. Exp. Path., 1948, 29, 390. 
3. Henle, W., and Henle, G., J. Exp. Med., 1949, 90, 23. 
4. Schlesinger, R. W., Proc. Soc. Exp. Biol. and Med., 1950, 74, 541. 
5. Friedewald, W. F., Miller, E. S., and Whatley, L. R., J. Exp. Meal., 1947, 86, 65. 
6. De Burgh, P. M., Yu, P. C., Howe, C., and Bovarnick, M., J. Exp. Me.d., 1948, 

87, 1. 
7. WooUey, D. W., Jr., J. Exp. Med., 1949, 89, 11. 
8. Biding, R., and Oelrichs, L., Z. Hyg. u. Infectionskrankh., 1948, 127, 545. 
9. Hirst, G. K., J. Exp. Meal., 1943, 78, 99. 

10. Hirst, G. K., J. Exp. Med., 1942, "/59 49. 
11. McCrea, J. F., Australian J. Exp. Biol. and Med. Sc., 1946, 24, 283. 
12. Francis, T., Jr., J. Exp. Med., 1947, 85, 1. 
13. Beveridge, W. I. B., and Burnet, F. M., Australian #. Exp. Biol. and Med. So., 

1945, 28, 186. 
14. Francis, T., Jr., and Minuse, E., Proc. Soc. Exp. Biol. and Med., 1948, 69, 291. 
15. Tamm, I., and Horsfall, F. L., Jr., Proc. Soc. Exp. Biol. and Med., 1950, 74, 108. 
16. Anderson, S. G., Burnet, F. M., Fazekas De St. Groth, S., McCrea, J. F., and 

Stone, J. D., Australian J. Exp. Biol. and Med. Sc., 1948, 9.6, 403. 
17. Lanni, F., and Beard, J. W., Proc. Soc. Exp. Biol. and M~.,  1948, 68, 312. 
18. Bieling, R., and Oelrichs, L., Z. Hyg. u. Infectiouskrankh., 1948, 19.7, 592. 
19. Hardy, P. H., and HorsfaU, F. L., Jr., J. Exp. Med., 1948, 88, 463. 
20. Beveridge, W. I. B., and Lind, P. E., Australian J. Exp. Biol. and Me.d. Sc., 

1946, 9.4, !27. 
21. Svedmyr, A., Ark. Kemi, Mineral. och Geol., 1947, 24, 1. 
22. Chu, C. M., J. Hyg., 1948, 46, 239. 
23. Svedmyr, A., Brit. J. Exp. Path., 1948, 9.9, 295. 
24. Hirst, G. K., J. Exp. Med., 1948, 87, 301. 
25. Burnet, F. N., Australian J. Exp. Biol. and Med. Sc., 1948, ?.6, 371. 
26. Svedmyr, A., Brit. J. Exp. Path., 1949, 80, 254. 
27. Hirst, G. K., J. Exp. Med., 1942, "/6, 195. 
28. Burnet, F. M., and Stone, J. D., Australian J. Exp. Biol. and Med. Sc., 1947, 25, 

227. 
29. Svedmyr, A., Upsala Lakaref. F~rh., 1949, 54, 305. 
30. Hallauer, C., in Handbuch der Virusforschung, II. Erganzungsband, (R. Doerr 

and C. Hallauer, editors), Vienna, Julius Springer, 1950, 141. 
31. Henle, W., and Henle, G., #. Exp. Med., 1947, 85, 347. 
32. Schlesinger, R. W., Fed. Proc., 1951, 10, 417. 
33. Henle, W., J. Exp. Me.d, 1949, 90, 1. 
34. Henle, W., Henle, G., and Kirber, M. W., Am. J. Med. So., 1947, 214, 529. 
35. Henle, W., and Liu, O. C., J. Exp. Med., 1951, 94, 305. 
36. Luria, S. E., Proc. Nat. Acad. Sc., 1947, 88, 253. 
37. Burnet, F. M., Lancet, 1950, 1, 1059. 
38. Henle, W., Henle, G., and Rosenberg, E. B., J. Exp. Med., 1947, 86, 423. 
39. Henle, W., and Rosenberg, E. B., J. Exp. Med., 1949, 89, 279. 
40. Liu, O. C., and Henle, W., J. Exp. Med., 1951, 94, 291. 


