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neonatally thymectomized BALB/c mice and
found ectopic thymic tissue in 7 of 13 ani-
mals. Although the presence of such ectopic
thymus in our BALB/c mice might have
accounted for the absence of “Wasting dis-
ease,” the removal of all thymic tissue from
the mediastinum significantly increased the
susceptibility of the mice to the oncogenic
activity of adenovirus 12. Another explana-
tion for the absence of “Wasting disease”
in our animals might be the absence of
bacterial infection in the thymectomy wounds
because of careful aseptic technique. Azar
has recently presented evidence that the
wasting in neonatally thymectomized Sprague-
Dawley rats may be related to such in-
fection(12).

Summary. Newborn BALB/c and C3H/
HeN mice inoculated subcutaneously with
human adenovirus 12 developed tumors only
when thymectomized at birth. Tumors de-
veloped in 5 of 30 BALB/c and 3 of 18
C3H/HeN thymectomized mice. These re-
sults suggest that neonatally thymectomized
animals may be useful in evaluation of the
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oncogenic potential of viruses which have not
produced tumors when injected into non-
thymectomized animals.
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Interaction Between the Soluble Antigen of PR8 and NWS Virus.* (29536)

Roeert E. Loutet anp Jacos Fong
Department of Bacteriology, University of California, Berkeley

Work on multiplicity reactivation(1,2), re-
combination between ultraviolet irradiated
virus and live virus(3), recombination be-
tween heat inactivated virus and live virus
(4,5,6,7), and recombination between incom-
plete and complete virus(8) has shown that
non-infective forms of a virus can enter a
cell and contribute to the formation of new
virus particles. These works indicated that
inactivation of the infectious property of a
virus need not mean that whatever informa-
tion these virus particles contain is lost or
is inaccessible to the cell.

* This research was supported in part by a grant
(E-3971) from US.P.H.S.

t This work constitutes part of the thesis sub-
mitted by R.E.L. to the Graduate Division, Univer-
sity of California.

The present investigation is an attempt to
ascertain whether the non-infective nucleo-
protein (soluble antigen) of influenza A
(PR8) virus can transmit information to a
susceptible cell and upon subsequent infec-
tion of this cell by a heterologous virus con-
tribute to the formation of either genetically
or phenotypically mixed particles.

Materials and methods. Viruses. Two egg-
adapted strains, PR8 and NWS, of influenza
type A were used. They were prepared by
suballantoic inoculation of 10- to 11-day-old
embryonated eggs with 0.05 ml of a 10—*
dilution of virus in beef-heart infusion broth.
After 40-48 hours’ incubation at 35.5°C, the
infected allantoic fluids were harvested and
stored in ampoules in a —70°C electrical
deep freeze.
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Preparation of the PRS soluble antigen
(PR8-SF). The ether extraction of the sol-
uble antigen from PRS virus was done ac-
cording to the method of Lief and Henle(9).
Virus concentrated by adsorption and elu-
tion from chicken red cells was mixed with
a one-half volume of Squibb’s anesthetic
ether for 2 hours at room temperature. The
ether-virus mixture was then transferred to
a separatory funnel to allow its separation
into a lipid phase and an aqueous phase. The
aqueous phase was drawn off and nitrogen
gas bubbled through it to rid it of excess
ether.

The aqueous phase which contains the
hemagglutinating antigen and soluble antigen
of the virus was now absorbed 3 times with
a 20% suspension of chicken red cells and
3 times with a 20% suspension of guinea
pig red cells to remove the hemagglutinating
antigen. After the last absorption the super-
natant fluid was tested for the presence of
hemagglutinins against chicken and guinea
pig red cells. If hemagglutinins against either
or both types of cells were still present, the
fluid was reabsorbed with the respective type
of red cell until no hemagglutinins were
detected.

Preparation of mnormal allantoic fluid
(NAF). Allantoic fluids from uninfected 10-
to 11-day-old embryonated eggs were carried
through the same processes used in the con-
centration of virus from infected allantoic
fluids and the extraction of the soluble anti-
gen from concentrated virus fluids.

Anti-PR8 and anti-NWS sera. Antisera
against PR8 and NWS were produced by
the method described by Baron and Jensen
(3). Rabbits were given intravenous injec-
tions of 2 ml of infected allantoic fluid for
3 consecutive days every 2 weeks. Three
such immunizing courses were given. Four-
teen days after the last injection, the animals
were bled by cardiac puncture. The sera
were cross absorbed with their respective
heterologous virus and heated to 56°C for
¥4 hour to inactivate any residual virus.

Antiserum against the soluble antigen
(Anti-SF serum). Antiserum against the sol-
uble antigen of PR8 was prepared by the
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method of Lief and associates(10). Guinea
pigs under light ether anesthesia were given
0.1 ml PR8 stock virus in each nostril. Two
to 3 weeks later they were inoculated intra-
peritoneally with 1 ml of PR8 soluble anti-
gen. One week later the animals were bled
by cardiac puncture. Because antiserum thus
prepared contained antibodies against the
whole virus, the serum was absorbed twice
with concentrated suspensions of PR8 and
subsequently heated to 56°C for % hour to
inactivate any residual virus.

Quantitative hemagglutination test. Serial
2-fold dilutions in normal saline were made
of the material to be tested. 0.2 ml! of a
1% suspension of chicken red cells was added
to 0.4 ml of each dilution. The tubes were
read by the pattern method after a 45-minute
incubation period at room temperature.

In vitro double neutralization test. This
test was performed by substituting a 1:200
dilution of one of the antisera (anti-PR8
or anti-NWS) for saline used in the dilution
blanks of the standard hemagglutination test.
Both sera had previously been cross absorbed
with its heterologous virus. The criterion,
established by Fraser(11), used to judge a
sample to be doubly neutralized was that the
sum of its titers in the 2 antisera be less than
50% of its titer in saline. More specifically,
in view of the observations that the hemag-
glutination titer of a virus may be one tube
lower when titrated in heterologous serum
(Table I) and that a one tube difference in

TABLE I. Hemagglutination Tests of Stock
Viruses Performed in Saline, Anti-PR8, and Anti-
NWS Sera.

Anti-PR8 Anti-NWS
Stock viruses Saline (1:200) (1:200)
PRS 640% 20 640
NWS 160 80 10
Mixture of PR8 320 80 160
and NWSt

Tests were done using saline, anti-PR8 serum
(diluted 1:200), and anti-NWS serum (diluted
1:200) as dilution blanks in the standard hemag-
glutination titration.

* Titers are expressed as the reciprocal of the
highest dilution of virus causing complete or par-
tial agglutination of chicken red blood cells.

t Equal volumes of stock PR8 and stock NWS
viruses were mixed.
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titer in the hemagglutination test is within
experimental error, a sample was judged
doubly neutralized if each of its titers in the
2 antisera was at least 3 tubes lower than
its titer in saline. This criterion was used
mostly in reference to the titers in anti-PR$
serum since the titers in anti-NWS were
usually 20 or less.

Infectivity tests of the soluble antigen.
All soluble antigen preparations used in the
experiments were tested for the presence of
infective virus in order that there be no
equivocation as to whether the observed re-
sults were due to residual virus or the soluble
antigen. Each preparation of the soluble
antigen was tested on the same day it was
used in an experiment. A number of 12- to
14-day-old embryonated eggs, equal to the
number which received soluble antigen in the
experiment, were inoculated intravenously
with the same amount of this material. These
eggs were incubated at 35.5°C for the same
length of time the soluble antigen remained
in the experimental eggs. Afterwards the
allantoic fluids were harvested and pooled.
The chorioallantoic membranes were col-
lected, ground with sterile sand, and sus-
pended in 1 ml of beef-heart infusion broth
per membrane. This suspension was clarified
by centrifugation. The 2 pools, allantoic fluid
and membrane extract, were inoculated into
a sufficient number of 10- to 11-day-old em-
bryonated eggs (0.5 ml per embryo) to use
up all of each fluid. After 42-48 hours’ in-
cubation at 35.5°C, the allantoic fluids were
tested for the presence of hemagglutinins.
In a few instances, hemagglutinins were
found in the eggs inoculated with the mem-
brane extract but not in the eggs which re-
ceived the allantoic fluid. The experiments
in which the soluble antigen preparation con-
tained infective virus were discarded; only
those experiments employing non-infectious
soluble antigen are reported here.

Intravenous inoculation of embryonated
eggs. Under transillumination, the outline of
a straight and prominent blood vessel on the
chorioallantois of a 12-day-old embryonated
egg was traced on the shell. The direction
of blood flow in this vessel was marked by
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observing the direction of convergence of the
tributary vessels. This area of the shell was
cleansed with 70% ethyl alcohol. Overlying
this blood vessel an elliptical piece of shell
(1 cm X 0.5 cm) was cut out with a small
hand drill and separated from the shell mem-
brane with a dissecting needle. Embryonated
eggs thus prepared were reincubated and the
intravenous injections made the following
day. To perform the intravenous injection,
the egg was laid on its side on a piece of
modeling clay with the cut portion of the
shell uppermost. A drop of light mineral oil
may be placed on the exposed shell mem-
brane to facilitate visualization of the blood
vessel under transillumination. For the in-
oculation a 27-gauge needle was used. The
inoculum was injected in the direction of
blood flow. Care must be taken when in-
serting the needle so that there is only a very
slight angle between the needle and the blood
vessel. To prevent bleeding afterwards, the
needle should be withdrawn at exactly the
same angle at which it was inserted. Eggs
which bled excessively were discarded.

Results. In ovo neutralization tests with
anti-PR8 and anti-NWS sera. As a prelim-
inary to studies on the interaction of the
PR8 soluble antigen and NWS virus, tests
were performed to determine the neutralizing
capacity and specificity of the two antisera,
anti-PR8 and anti-NWS. Prior to use in any
of these tests, each of the 2 antisera was
cross absorbed with its heterologous virus.

In ovo serum neutralization tests were per-
formed using a constant dilution (1:10) of
antiserum against serial 10-fold dilutions of
the virus. Equal volumes of virus dilution
and antiserum were mixed and incubated at
room temperature for %% hour prior to sub-
allantoic inoculation of 10- to 11-day-old
embryonated eggs. The allantoic fluids were
tested for the presence of hemagglutinins
after 42 to 48 hours’ incubation at 35.5°C.
Anti-PR8 and anti-NWS sera were thus
tested against their homologous and heterolo-
gous virus. In addition, each virus was
titrated in the presence of a 1:10 dilution of
normal rabbit serum. The results of these
titrations (results not shown) revealed that
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the titers of PR8 and NWS were the same
in the presence or absence of normal rabbit
serum, thereby indicating that non-specific
inhibitors were not present in rabbit serum
used at a 1:10 dilution. The 2 antisera, anti-
PR8 and anti-NWS, were capable of neu-
tralizing 10° and 10° EID;, respectively of
the homologous virus. When directed against
its heterologous virus, each of the 2 antisera
showed some slight degree of cross neutraliza-
tion. Anti-NWS decreased the titer of PR8
virus by 0.5 log unit and anti-PR8 decreased
the titer of NWS by 0.8 log unit. These
amounts of cross neutralization by the 2 anti-
sera can be neglected if the condition is made
that any i ovo double neutralization of virus
progeny by these 2 antisera shall exceed 0.8
log unit.

Interaction between PRS-SF and NWS.
Previous efforts to effect an interaction be-
tween the soluble antigen of PR8 and NWS
virus by intra-allantoic inoculation of embry-
onated eggs produced negative results. In
the following experiments embryonated eggs
were inoculated intravenously with the two
agents., This procedure was based on the
hypothesis that inhibitors of the soluble anti-
gen are present in the allantoic fluid and that
by administration of the soluble antigen and
NWS intravenously, the soluble antigen
would not come in contact with these hypo-
thetical inhibitors.

To effect an interaction between the soluble
antigen and NWS, nine 12-day-old embry-
onated eggs were inoculated intravenously
with 0.25 ml of the soluble antigen. After
incubation at 35.5°C for 1 hour these eggs
were given 0.25 ml of a 1:4 dilution of
NWS by the same route and reincubated
for 10 hours. The allantoic fluids were sub-
sequently harvested and pooled. This pooled
fluid, called the primary fluid, was divided
into 3 aliquot parts. Ten- to 11-day-old
embryonated eggs were inoculated intra-
allontoically with the entire first portion;
0.5 ml inoculum was used per egg. Anti-
PR8 and anti-NWS sera were added (in a
final dilution of 1:20) to the second and
third portions respectively. These were
allowed to stand at room temperature for
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%5 hour. Embryonated eggs were inoculated
with these 2 aliquots in the same manner as
the first aliquot. After incubation for 42-48
hours the allantoic fluids were tested for the
presence of hemagglutinins.

The results of this first passage of the
primary fluids (results not shown) were that
the first group of eggs, inoculated with the
fraction of the primary fluid without anti-
serum, showed development of hemagglutin-
ins in 12 out of 15 eggs. The 12 positive
allantoic fluids were pooled and later used
again for titrations. In the second group of
eggs, given the fraction of primary fluid con-
taining anti-PR8 serum, 5 out of 15 eggs
showed the presence of hemagglutinins. Of
the eggs in the third group, inoculated with
the fraction of primary fluid with anti-NWS,
only 1 out of 13 showed the presence of
hemagglutinins.

Since the PRS8 soluble antigen was non-
infective, the only infective virus present in
the primary fluid would be NWS if no inter-
action had occurred between it and the sol-
uble antigen. If this were the case, the virus
would be neutralized by anti-NWS serum
and not by anti-PR8 serum. However, while
anti-NWS serum did neutralize practically
all of the virus present in the primary fluid,
anti-PR8 serum also neutralized this virus
to some extent. Based on this interpreta-
tion of the data, the virus in the primary
fluid was assumed to have characteristics of
both NWS and PRS8 as the result of some
type of interaction between the PR8 soluble
antigen and NWS virus.

To confirm and quantitate the preceding
results, the pooled positive allantoic fluids
from the first group of eggs were titrated in
triplicate. The 3 titrations were done with-
out antiserum and in the presence of a 1:10
dilution of anti-PR8 and anti-NWS sera.

The results of the 3 titrations (Table IT)
indicated that the virus titer was decreased
considerably by the 2 antisera. As compared
to the amount of virus detected (7.44 X 107
EID;o/ml) in the absence of antiserum, there
were only 8.24 X 10* EIDsp/ml and 1.28
X 102 EID;o/ml in the presence of anti-
PR8 and anti-NWS sera respectively. The
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TABLE II. In ovo Double Neutralization Test on
First Passage Fluids from the Interaction of PRS-
S and NWS.

Virus titer (EID;/ml)*

No antiserum 7.44 X 107
Anti-PRS8 8.24 X 10*
Anti-NWS 1.28 X 10°

* EID;, = 50% egg infective dose.

sum of the latter two virus titers not adding
up to the total amount per milliliter was
interpreted as confirmation of the preceding
observation, namely that the virus in the
primary fluid was doubly neutralized by anti-
PR8 and anti-NWS sera.

Effect of antisera on interaction of PR8-SF
and NWS. Groups of three 12-day-old em-
bryonated eggs were inoculated intravenously
(0.25 ml per embryo) with one of the follow-
ing preparations: SF, SF and anti-PRS8
serum, SF and anti-SF serum, and normal
allantoic fluid (NAF). The dilutions of anti-
PR8 and anti-SF sera in the SF preparations
were 1:20 and 1:8 respectively. These were
allowed to stand at room temperature for
%5 hour before use. The inoculated eggs were
incubated at 35.5°C for 1 hour and subse-
quently inoculated intravenously with 0.25
ml of undiluted NWS virus. After further
incubation for 10 hours the allantoic fluids
were harvested and passaged in embryonated
eggs in an attempt to isolate double neu-
tralizable virus in the region of limited dilu-
tion. For this purpose, 5-fold dilutions of
the fluids were made and inoculated into the
allantoic cavity of a sufficient number of eggs
to use up all the fluid of each dilution, each
embryonated egg receiving 0.5 ml inoculum.
After the wusual incubation period, those
hemagglutinin-containing fluids from the
50% end point region were tested for the
presence of doubly neutralizable virus by
the in vitro double neutralization test.

In ovo passage of the allantoic fluids from
eggs inoculated with NAF and NWS yielded
a total of 18 hemagglutinating fluids. Double
neutralization tests performed on these fluids
showed no doubly neutralizable particles to
be present. Tests for doubly neutralizable
particles in the 21 hemagglutinating fluids
from the passage of allantoic fluids of eggs
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inoculated with SF, anti-PR8, and NWS were
likewise negative.

Passage in embryonated eggs of undiluted
and 5-fold dilutions of allantoic fluids from
eggs inoculated with SF, anti-SF, and NWS
yielded 11 hemagglutinating fluids. Double
neutralization tests performed on these fluids
revealed that fluid #2 was doubly neutraliz-
able (Table III). This fluid had titers of
1:128 in saline and 1:16 in both anti-PR8
and anti-NWS sera. It was from an embry-
onated egg which had received an undiluted
inoculum.

Nine hemagglutinating fluids resulted from
the in ovo passage of allantoic fluids of eggs
inoculated with SF and NWS. Of these nine,
3 fluids, #18, #19, and #20 were doubly neu-
tralized by anti-PR8 and anti-NWS sera
(Table 1V). Fluids #18 and #19 were from
embryonated eggs which had received un-
diluted inocula; fluid #20 was from an em-
bryonated egg which had received an inocu-
lum diluted 1:5.

Second passage of doubly neutralizable
fluids., The fluids which showed double neu-

TABLE III. Double Neutralization Tests on Hem-
agglutinin-Containing Fluids from the Passage of
SF/anti-SF, NWS Primary Fluids.

Reciprocal of hemagglutination titer*

Fluid No. In saline In anti-PR8 Inanti-NWS
1 4 — —
21 128 16 16
3 <2 — —_
4 <2 — —
5 32 16 2
6 128 64 8
7 <2 —_ —
8 512 256 8
9 256 64 _—

10 64 64 —
11 256 256 —_

Embryonated eggs were inoculated intravenously
with a mixture of SF and anti-SF, followed 1 hr
later with NWS. After 10 hr incubation the allan-
toic fluids, designated SF/anti-SF, NWS primary
fluids, were passaged in embryonated eggs. The
hemagglutinin-containing fluids from this passage
were tested for presence of doubly neutralizable
particles.

* Hemagglutination titers were determined using
saline, 1:200 dilution of anti-PR8 and 1:200 dilu-
tion of anti-NWS sera as dilution blanks in the
standard hemagglutination titration.

t This fluid was saved and used for second pas-
sage,

£ — No hemagglutination titer detected.
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TABLE IV, Double Neutralization Tests on Hem-
agghutinin-Containing Fluids from Passage of SF/
NWS Primary Fluids.

Reciprocal of hemagglutination titer*

Fluid No. In saline Inanti-PRS Inanti-NWS
12 16 8 2
13 <2 — —
14 <2 — —
15 128 64 8
16 512 256 —_
17 32 16 —
18+ 128 16 —_
19+ 256 32 —_
20t 512 64 —

Embryonated eggs were inoculated intravenously
with SF followed 1 hr later with NWS. After 10
hr incubation the allantoic fluids, designated SF/
NWS primary fluids, were passaged in embryo-
nated eggs. The hemagglutinin-containing fluids
from this passage were tested for presence of
doubly neutralizable particles.

* See footnote (*) of Table III.

t These fluids were saved and used for second
passage.

— = No hemagglutination titer detected.

tralization by anti-PR8 and anti-NWS sera
were passaged in eggs a second time for re-
isolation of virus progeny showing this char-
acteristic. Ten- to 11-day-old embryonated
eggs were inoculated by the allantoic route
with 10-fold dilutions of fluids #2, #18,
#19, and #20. Fifteen eggs were used per
dilution, each egg receiving 0.05 ml inoculum.
After the usual incubation period the allan-
toic fluids were tested for hemagglutinins.
Double neutralization tests were performed
on the positive fluids from the 50% end point
region. The results (not shown) indicate that
none of the positive fluids tested was doubly
neutralized by anti-PR8 and anti-NWS sera.
The double neutralization property of these
fluids was apparently lost in this second
passage.

Discussion. The first study on the inter-
action between the soluble antigen of PRS
and NWS virus showed that the soluble anti-
gen inoculated into embryonated eggs fol-
lowed one hour later by NWS produced viral
progeny which gave indication of being
doubly neutralized by anti-NWS and anti-
PRS8 sera. In ovo double neutralization tests
performed on the once passaged viral pro-
geny confirmed the indication that the viral
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progeny in the primary fluid was doubly neu-
tralized by the 2 antisera.

Studies on the effect of antisera (anti-PR8
and anti-SF) on the production of doubly
neutralizable virus showed that the mixing
of the soluble antigen with anti-PR8 serum
prior to inoculation resulted in the production
of virus which was not doubly neutralizable
by the two antisera. If the working hypo-
thesis upon which these interaction studies
are based is correct, namely that the doubly
neutralizable virus was the result of inter-
action between NWS virus and the soluble
antigen, then the mixing of the soluble anti-
gen and anti-PR8 serum should have had
no effect on the soluble antigen. This mix-
ture and NWS should have also produced
doubly neutralizable virus. However, as
stated above, this was found not to be the
case. This apparent discrepancy may be ac-
counted for if it is considered that the anti-
PRS serum, produced in rabbits by repeated
inoculations of infective allantoic fluid, prob-
ably contained antibodies against the soluble
antigen of PR8 as well as antibodies against
the whole virus.

Reacting a mixture of SF and anti-SF with
NWS in ovo resulted in production of doubly
neutralizable virus in one of the infective
fluids. This one doubly neutralizable fluid
may have arisen due to the dissociation of the
anti-SF-soluble antigen complex before or
after its inoculation into the embryo, and not
to residual PR8 in the soluble antigen prepa-
ration. One observation in support of this con-
tention is that only one out of 11 fluids in
the SF/anti-SF, NWS series was doubly neu-
tralizable, whereas in the SF/NWS series, 3
out of 9 fluids tested were doubly neutraliz-
able. If doubly neutralizable virus were in-
deed due to residual PR8 and NWS inter-
action, a more equal percentage of doubly
neutralizable fluids would be expected in
these 2 series. To eliminate a further pos-
sibility that the doubly neutralizable virus
was due to interaction of NWS and some
unknown factor in the suspending medium
of the soluble antigen, NWS and NAF were
reacted in ovo. This did not result in any
doubly neutralizable fluids.
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Second passage of these doubly neutraliz-
able fluids was unsuccessful. None of the
resultant  hemagglutinin-containing  fluids
tested possessed this property. The loss of
these doubly neutralizable particles upon
passage may have been due to an inherent
instability or to the fact that they were not
true genetic recombinants but were the result
of phenotypic mixing. The phenomenon of
phenotypic mixing, described for bacterio-
phage by Delbriick and Baily(12), Novick
and Szilard(13), and later used by Hirst
(14), Gotlieb and Hirst(15), and Hirst and
Gotlieb(16) to explain some of their results
on the passage of doubly neutralizable virus,
may be applicable to these findings. Accord-
ing to Hirst and Gotlieb(16), these pheno-
typically mixed particles could be passaged
10 times provided a large inoculum was used.
The use of small or dilute inocula caused
a reversion of these to the 2 parental types.

The doubly neutralizable fluids #2, #18,
#19, and #20 (Tables III and IV) were from
eggs inoculated with 0.5 ml of undiluted or
1:5 dilutions of the primary fluid. Passage
of these fluids, using a small inocula (0.05
ml per egg), resulted in the loss of the double
neutralization property. These results seem
compatible with those of Hirst and Gotlieb
(16), namely, passage of doubly neutraliz-
able fluids using large inocula causes reten-
tion of this property, whereas passage of
these fluids using small inocula causes a loss
of this property.

Since the soluble antigen preparations used
in these experiments were non-infective, the
mechanism involved in the formation of
doubly neutralizable particles needs consid-
eration. In preliminary experiments employ-
ing the fluorescent antibody technique, sol-
uble antigen particles were detected in the
nuclei of chorioallantoic membrane endo-
dermal cells of embryos inoculated with the
soluble antigen. With the passage of time,
however, no hemagglutinating antigens were
detected. The infection of soluble antigen-
containing cells with NWS virus and the
production of doubly neutralizable particles
may indicate that in some way the NWS
virus had caused a “maturation” of the intra-
nuclear soluble antigen to infective virus.
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The simultaneous maturation of the PRS8
soluble antigen and the replication of NWS
virus could then result in formation of pheno-
typically mixed particles.

An alternative explanation is that the sol-
uble antigen-containing cells may also con-
tain small amounts of hemagglutinating anti-
gen which were not detected by the fluores-
cent antibody technique. Subsequent infec-
tion and replication of NWS in these cells
may then incorporate these PR8 hemagglu-
tinating antigens into the NWS progeny.
However, with such a mechanism it is incon-
ceivable how the doubly neutralizable par-
ticles could survive even one passage.

Summary. The soluble antigen of PRS
virus was interacted in ovo with NWS. The
passaged allantoic fluids were doubly neu-
tralized by anti-PR8 and anti-NWS sera.
Second passage of these doubly neutralizable
particles resulted in a loss of this character.
The hypothesis was presented that the doubly
neutralizable particles were the result of
phenotypic mixing when NWS virus in some
way brought about the “maturation” of the
intranuclear PR8 soluble antigen.
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