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ABSTRACT

The present study concerns a quantitative analysis of the
interference between the irradiated and the active Newcastle disease
virus.

The inactivated particles adsord to the surface of the cells
and do not proceed any further, This union induces surface changes
which make it impossible for a superinfecting active particle to
penetrate into the host cell and to initiate the production of new
virus. The more UVI particles that are adsorbed, the faster the inter-
fering reaction occurs.

In 50 per cent of the cells, however, interference is not
complete; these cells can be superinfected provided the multiplicity
of the superinfeecting virus is high., The effect is equivalent to
having on the average four per cent of the total surface of the cell
unaffected by the changes induced by the inactivated virus.

The interfering reaction is dependent at all times upon the
presence of the unmodified UVI particles at the ecritical sites -
exposure of the interfered cells to specific anti-NDV serum eliminates
interference. However, in 50 per cent of the cells interference
becomes irreversible 30 minutes after the attachment of UVI virus,
‘Thether this irreversible interference involves mors profound cellu~-
lar changes or depends upon the physiological state of the cells at
the time of infection is at present unknown.

Eventually, the union between UVI virus and cellular site

is broken with the subsequent return of the cell to susceptibility to



infection, This loss of resistance occurs spontaneously from 26 to
60 hours after exclusion has been induced.

The superinfecting virus which does not initiate infection
is destroyed after its adsorption to the lung cell. A cell where
interference has been removed after superinfection with active virus

must be infected a second time in order to yield progeny virus,



TABLE OF CONTENTS

PAGE
Introduction 1
Materials and Methods 19
Experimental Results | 29
Discussion and Conclusions 91
Figures | 102

References 113



DNA:

(%]
i
<

Lee:
Mélz
NDV:
NIH:
PBS:
Pfu:

PR8:

TABLE OF ABBREVIATIONS

A nutrient solution made up of amino aciis and vitamins

Deoxyribose nucleic acid

Chicken eﬁbryo extract

Earle's saline

Hemagglutinating unit

The infective dose giving an end point of 50 per cent mortality
Lactalbumin hydrolysate

LA plus yéast extract

Lee straia of Influenza B virus
Melbourne strain of Influenza A virus
Newcastle disease virus
Hon-infectious hemagglutinin

Phosphate-buffered saline
Plague forming unit

PR8 strain of Influeﬁza A virus
Red blood cell

Receptor destroying enzyme
Ribose nucleic acid

ee.7¢ Any one of the T series of bacteriophages attacking

Bscherichia coli B

‘Ultraviolet 1light

Ultraviolet irradiated



INTRODUCTION
A. General remarks:

The development of new and more accurate methods of investi-
gation of virus-host interaction at the cellular level (1) hss made
possible new attempts at solving the problem of interference. Inters
ferenee consists in the inhibition of the growth of one virus in cells
infected by ancther virus. When interfersnce takes place, the process
of virus’synthesis in the infected cell is disturbed at some stage.
Therefore, a knowledge of this mechanism may afford a toocl for studying
the reproductive processes involved in the synthesis of new virus,
egpecially at the early steps of infection,

An understanding of thé phenomenon of interference is also
required for adequately carrying out experiments of genetic recombina-
ticn. Indeed, recombination of genetic markers among different virus
particles depends on the non~occurrence of mutual exclusion,

The simplest way to study interference appears tc be through
the use of inactivated virus as the inzerféring agent. Since such
an interfering agent cannot multiply, there is no need for different-
iating the progeny of the interfering virus from that of the supere
infecting virus in the yield. The use of the same type of virus as the
interfering and snyérinfecting agent (homologous interference) seems
also preferable because they must follow at least at the beginning
an identical path in the infected cell. Preliminary experiments in
this investigation have confirmed the view generally held by students

of interference (2) that uwltraviolet irradiated (UVI) virus is the



o a

best available interfering agent, the results being invariably repro-
ducible,

For a quantitative study, the use of homogeneous cell suspens
sions as the host for virus growth is imperative; Only in suvch a
sys tem can the number of susceptible cells and the number of virus
particles adsorbed per cell be determined. The kinetics of infection
and production of new virus can therefore be rigorously defined.

In addition, a virus must be chosen that can be assayed by
plaque count (1),

A system which satisfliss those requirements consists of the
virus of Newcastle disease and chicken embryonic lung cells grown in

tissue ecultura.

B. The NDVelung cell systems

Newcastle diseamse virus (NDV) and chicken embryonic lung cells
will be the virus-host system used throughout this investigation. This
sysbtem possesses cerialn properties which make it an ideal tool for
this particular study. The essential properties of the two components
of this virusecell system will now be reported,

Newcastle disease 1s an epizootic infectién of fowl character-
ized by viremia, focal necroses in the viscera and hemorrhages, especs
ially in the respiratory and alimentary tracts., Death usually ensues
on the sixth to elghth day, but the mortality is comparatively low ia
adult birds. The malady occasionally attacks human beings (3) mani-
festing itself as a superficial conjunctivitis and probably results

from viral infection by contaminated fingers.
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The etiologic agent belongs to the Myxovirus group (4)
comprising the influenza and related viruses i.s. fowl plague, Newcastle
disease and mumps. The characters defining the group are a spherical
form with a diameter of approximately 80 mp (.‘5)liit and the capacity to act
as hemagglutinating agents brought sbout by the ability of the virus
particles to adsorb to certain mucoproteins (6).

Work on the chemical composition of the infective particles
among the Myxoviruses has been mestly concerned with the influenza
viruses. The virus particles have a high lipid content in the range
30 to 40 per cent of dry weight (5). Ade and Perry (15) in 1954 found
no significant amount of DNA and only approximately .8 per cent of ENA;
the remainder is protein. Miller (16) in 1956, however, has reported
the presence of about .1 per cent of DNA which cannot be denisd recog-
nition. Very recently, Franklin gt al (17) (71956) have shown that the
nucleic acid composition of DV is similar to that of influenza virus,
These authors have also shown that the phospholipid fraction of NDV is
egsential for the infectivity of the virus particles,

NDV, similarly to the other members of the Myxovirus group,
displays the propertyvof agglutinating certain red blood cells
(hemagglutination). One hemagglutinating unit (HA) is the highest
dilution of virus capable of agglutinating all the cells in one ml,
of an erythrocyte suspension containing 125 per cent of cells =
approximately 8 x 108 cells. One hemagglutinating unit corresponds

to sbout 3 x 10° plague forming units (pfu).

* Larger sizes reported in the literature appear to be caused by
deformation during drying (7,8,9,10,11,12,13,14).
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Hemagglutination results from mutual adsorption of viral
and cellular surfaces with the virus forming bridges to h@id the cells
together (13). The adsorptive sites on the virus surface are assumned
to be of protein composition (18), The cell receptors are of muco-
polysaccharide nature and the enzymatic action of the virus is on the
polysaccharide unit of the complex (19)s The distribution of the muco=
protein receptors on the red cell surface is not known, tut they are
probably uniformly distriduted over the surface. In fact, it is
possible to have the red cell surface coversd by virus particles packed
close together as seen in the electron microscope; with low concentras
tions of the virus particles, their distribution over the cell swrface
is random (13).

After adsorpticn of the virus to the erythrocyte surface,
thére is a characteristic elution of the virus into the medium (20);
In the case of NDV, adsorption to red blood cells occurs equally well
at all pH levels betwsen 6 and 8, but elution is minimal at pH 6 (17).
Elution of NDV takes place very rapidly sbove 30°C and 1is complete
within 30 minutes at 37°C. Moreover, this virus is capable of lysing
fowl erythrocytes (21) and is reported by Burnet (22) to have the most
powsrful enzymatic action among the Myxaévirnses, After elution, the
virus itself cen adsorb to fresh cells indefinitely but the red cells
are so modified that they can no longer adsorb the same virus (20).
Such cells alse show a decresse in their electrophoretic mebility
characteristic for the virus used (23,24). Cells treated with NDV can,

however, be sgglutinated by influenza viruses (25). This led to the
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discovery of a Yreceptor gradient! where the viruses can be arranged
in a linear order (24) = any virus in the series renders red cells
insgglutirable by all viruses preceding it in the series, but leaves
the cells agglutinable by all viruses following it, The order is as
follows: mumps, NDV, Influenza A, Influenza B and Swine influenza.

Burnet gt al (26) in 1946 extracted from Yibrio cholerae

eultures a soluble enzyme which they called "receptor destroying enzyme®
(BDE) becaunse of its ability for removing virus receptors from red
cells. This enzyme was shown to be isodynamic with the myxoviral
enzyme (25,27). EDE renders erythrocytes inagglutinable by any of the
Myxowviruses, thus placing itself at the top of the receptor gradient
(26). In addition, RDE, NDV and Swine influenzse virus are thought by
Stone and Ada (24) to be able to act on a second set of cell receptors
which are not concerned with the adsorpticn of viruses, although suse
ceptible to destruction by viruses. Viruses of this group rendersd
non~infective by heat treatment (28) or wltraviolet irradiation (29)
can still hemagglutinate red cells., The hemmgglutinin titer can,
therefore, be used asa measure of the number of non=~infectious par-
ticles present in a given viral suspension,

Heated influenza virus which has lost its enzymatic activity
can adsorb to but cannot slute from erythrocytes. Treatment of such
a virusersd cellAcomplex with RDE or homologous antiviral serum is
found to free the adsorbed inactivated virus particles (6).

The following conclusions may be drawn about the adsorptiocn

of NDV to red blood cells. When the virus collides with & red cell,
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electrostatic forces mediated by ions, especially Ga+*} bring several
~pairs of groupings into juxtaposition (30,31). This provides a holding
force to maintain virus and cell together and also an opportunity feor
oriented union between enszyme and substrate, resulting eventually in
the destructicn of the receptors and elution of the virus particle (32).

It is tempting to transfer the findings obtalned with red
cells to susceptible host cells capable of producing progeny virus, with
the obvicus exclusion of the last step, namely, the elution of the virus.
Under normal conditions of infectlon, the virus disappears scon after
its attachment to the cell and becomes undetectable by any method used
so far (33), |

As described later under Methods, the lung cells used in tpis
investigation were grown in tissue culture., They form layers on the
glass surface essentially one cell thick with occasional clumps. The
cells are spread on the glass and are very thin, When the layers are
disrupted with versene, the single cells assume a spherical shape with
a dismeter of approximately 12 microns., The virus receptors of the
lung cells can be destreyed with RDE but are regenerated within 2 or 3
hours after the removal of this enzyme (34). NDV cannot adsord to
lung cells, the receptors of which have been destroyed with RDE,

The NDV-—lung cell system has the invaluable advantage over
all other previously used systems that the fraction of cells actually
infected and liberating new virus can be determined., The assay of such
cells can be carried oubt by plague count since the plating of infected
cells befere they start releasing virus gives rise to plaqugs in a

manner identical to that of free active virus particles.
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C. Interference phenomena in the literatures

Interference phencmena were first described between plant
viruses by Wingard (35) in 1928. Flants of Nicotians tabacum recovere
ing from infection with tobacce ring spot virus and still carrying the
virus did not come down with the disease when reinfected wlth the same
virus. These plants were likewisge not susceptible to closely related
viruses svch as tobacco mosalc and cucumber mosalc viruses.

Extensive work on interference was carried out with bacterial
viruses. Since these viruses hsve become a model and refersnce system
in basic virology, the information available from bacteriophage work
will now be presented first,

1. Bacterial viruses:

Burnet and Lush (36) in 1936 found that after exposure to the
weakly lytic phege C a staphylococcus culture became resistant withina
sn hour of contact, to C as well as to an intensely lytic derivative
phage C'. These authors concluded that the bacterizl surface had
changed so that it no longer adsorbed either phage. 4 similar observas
tion was reporied by White (27) in 1937 with two lysogenic phages of
Vibrio cholerae. White presented the hypothesis that the less virulent
thage establishes itself on the phage receptors éf the bacteriom and
blocks the entry of the superinfecting phage,

Mutuzl exclusion was found to occur when bacteria were
simultzneously or consecutively infected by two dissimilar virulent
phages (Delbruck and Luria, 1942) (38). A bacterium irfected with

active T7 or Tg will liberate only To after a latent period equal tc the
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normal period of virus T2. No growth of Tp takes place in these bace
teria. Suppression of Ty growth is complete if virus Ty is added up to
2 minutes after Ty; with larger time intervals, suppression disappears
brapidly. This effect is probably cauwsed by the different rates of ade
‘sorption’and infection of these two viruses--in 5 minutes 75 to 80 per
- cent of free Tp is adsorbed, whereas in the same time only 45 to 58 per
cent of Tl is adsorbed. In no case, howover, are both phages liberated
from the same bacterium. Morsover, a single particle of Tg was found
sufficient to suppress completely the growth of Tj. The authors
interpreted the phenomenén in terms of a key ensyme pressnt in a single
copy in each cell necessary for the production of phage and cempletely
monopolizéd by the first virus.

Luria and Delbruck (1942) (89) have further shown that To
irradiated with ultraviolet light retains its ability to interfere with
~ the growth of T; and that a single UVI phage is sufficieat to do sec.
Parthermore, it was demonstrated that UVI Tp can inzerferé with active
To if given prior to the actlve homologous virus. However, T2 could
grow in some bacteria infected with UVI T5. Luria and Delbruck also
found that UVI T7 does not interfers with active Tg nor active Tj.

The %kay enzyme! hypothesis was dropped by Delbruck (40) in
1945 when he found that mutual exclusion operates with an efficieney
better than 99 per cent with T; and Tp. (Ty occupies an intermediate
position between Tp and To with respect to interference). He argued
that a key enzyme would have to duplicate some time before each cell

division and that it was not reasonable to assume the presence of oanly



-G
one key enzyme in more than 99 per cent of the cells in a growing
culturs. Deldruck then advanced the Ypenetration hypothesis®; he
assuned that the first phage which penetrates into the cell causes
the entire cell membrane to become impermeable to other phages. He
founl, however, that the virus which is excluded from growth takes a
hand in the course of events; the excluded virus depresses the yisld
of the successful virus (Depressor Effect), if the two phages are dise-
similar. The dspressor affect diminishes gradually when the time
interval between the addition of the two viruses 1s increased. Beyond
a eritical time interval there is no depressor action. Antivirus
serun sdded 3} minubes after adsorption of a virus diminishes its dee
pressor action. This effect is interpreted by the author as competiticn
for a common subsitrate bebwesn the virus which penetrated the cell and
the excluded virus on its surface. However, this phenomenon could be
explained now by "lysis from without* which was unknown at the time.
The “peﬁetration hypothesis" received strong support from the

work of Lesley, Freunch, Graham and van Rooyen (41) (1951) for the large

phages Tp, Tz, Tg and the unrelated phage Ty . When Escherichia coll B
is infected with any of these phages and a few minutes later infected
with Tp labeled with P32, the labeled To is rapidly degraded into low
molecular weight fragments. The first infection stimulates the bacter-

iwn to break down the superinfecting phage. The small phages T1, T3

and Ty do not stimulate the bacterium to cause breakdown.
Exclusion of an homologous bacteriophage does noi occur if

the interfering and the superinfecting virus attach to the cell almost
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simultaneously. Hershey (42) in 1946 discovered that the relsted phages
T5 and Tp, can nultiply btogether in the sama bacterium and used this
finding to study the recowbination of genetic markers in phages. Dulbecco
(43) (1952) studied exclusion between homologous viruses through the use
of genedically marksd ﬁaateriophages, He found that bacteria infectad
with Tp ars stimulated to exclude the superinfecting phage Tgy arriving
later and vice versa. The superinfecting phage is excluded in 50 per
cent of the bacteria when the interval between infections is one minute.
7o inactivated by ultraviolet light was also'fcun& 0 exclude superine
fecting phage at the same rate as does active To. Moreover, Dulbecco
showed that the stimulation to exclusion is dependeant on processes
requiring an external energy supply since there is no exclusion in
resting bacteria in buffer. The latter author interpreted the stimue
lation to breakdown, the stimulation to exclusion and the destruction
of the chromatinic bodies of infected bacteria (Luria and Human (44),
(1950) as three aspects of the same UV resistant fﬁnction of the virus
involving "the rapid mobilization of a powerful enszyme system attacking
nucleic acids',

New means of approach to the problem of exclusion were offered
by lysogenic bacteria. Weigle and Delbruck (45) (1951) tested whether
matual exclusion occurs between a carried phage induced to mature and
a virulent phage introduced from the outside at various times during the
maturation period of the former., They studied the system of Escherichia
coli K12 carrying M and the lytic phege Ts. They found that A in the

prophage condition does not exclude Tg; however, there is no mixed yield
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of A and T5 = or less than one per cent « in induced bacteria superin-
fected with Tg. A bacterlum thus treated is capsble of three alternas
tives: to yield Ig, to be Wlysed from without® thereby liberating any
mature )\‘ particles presentvor to yield A after completion of the
maturatidn period. In this case A is not excluded by & barrier to
penetration since»% was alresdy inside the bacterium and, in some
cases, near completion of meturation, Weigle and Delbruck concluded
that in this system exclusion occurs at a terminal stage of phage syne
thesis.

Interesting findings pertaining tc exclusion occurred ia the
investigation of the functions exercised by the protsin envelope, other
than that of serving as a carrier for phage DNA. Herriot (46) in 1951
found that the Tp membranes obtained by osmotic shock prevent multi-
plication of host bacteria and can cause lysis of the cells when pre=-
gent in sufficient mmbers. Moreover, the ghests have & range specifie
city similar to that of the virus from which they were derived. Bonifas
and Kellenberger (47) in 1955 have shown that Ty membranes contain a
proportion of killer particles in which one particle can kill one
bacterium. All the membranes, however, are capable of producing a
reversible physiological effect which induces changes in the bacterial
nucleus. This action is totally different from that brought about
by intact Tp and, in fact, bacteria treated with Ty ghosts exclude
active Tp superinfecting them after a short time.

French and Siminovitch (48) (1955) have recently investigated

this phenomenon in more detail, These authors found that 75 per cent
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of Tp membranes can be adsorbed to host cells as measured with 535;

of.these, 10 to 35 per cent are killers., The remaining fraction of the
ghosts which is adsorbed but does not kill the host arrests the divise
ion of the bacterium. These "ghost infected" bacteria do not support
the deveiapmeni of a secendar& infecting To or T1 particle, synthesize
little protein and respire like phage infected bacteria. This situ-
ation prevalils for about 60 to 120 minutes and then the bacterium
recommences to mliiply and behaves like a normal cell,

2, Animal viruses:

The extensive literature concerning interference in animal
viruses has been adequately reviewed by Henle (2) in 1950 and the
salient points brought out by Dulbecco (49} (1955) in his review.
According to Dulbecco, exact quantitative data on interference are not
available; nevertheless, some information can be extracted from a nums
ber of experimental data obtained using chicken embryonated eggs as
the experimental host. In line with the present investigation, the
following comments will be concerned only with interfersnce between
inactivated and actlve virus systems,

Influenza virus can be treated with heat (56°C, 37°C and 4°C),
formaldehyde ei ultraviolet 1light in such a way that it loses its infecw
tivity but retains its interfering ability., The general view is that
virus inactivated at 56°C is a poor interfering agent. Fazekas gt al
(50) in 1952 have shown that Lee Influenza B virus hested at 56°C for
one hour under conditions which were not defined in detail causes only

partial and delayed interference upon the growth of Mel Influenza
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virug: the growth of the latter was only affected after 14 hours with
only a ten=fold drop in titer. Fazekas and Edney (51) (1952) have
statistically demonstrated from & study of the ylelds of progeny virus
that one particle of Lee virus heated at 56°C for one hour is suffic-
ient to interfers completely with the growth of active Mel virus added
24 hours later. On the other hand, Ziegler et gl (52) in 1944 had found
that heating infective allantoic fluid at 56°C destroyed the infective
ity of PR8 and Les viruses as well as thelr capacity to produce inter-
ference in approximately equal time. Henle and Henle (53) in 1944
also reported that heating infective allanteic fluid to 56°C or for-
malinization of PR8B and Lee viruses destroy most of the interfering
capacity together with the infectivity; only residual interfering effects
are demonstrated with such interfering agents.

Isaacs and Zdney (54) (1950) have reported that Mel, FR8 or
Lee virus heated at 56°C for one hour under conditions which completely
destroy the viral enzymatic activity on ovomucin is a more efficient
interfering agent than formelized Mel, PR8 or Lee virus. This heat
inactivation was performed by adding two parts of 2 per cent citrate-
saline and one pait of borate buffer to six parts of infective allanw
toic fluid and heating the mixture at 56°C for one hour. Heated Lee
was found to be a better interfering agent than heated Mel, whiech
in $urn was bettar than.PRS virug; the differences are, however, bare-~
ly significant, The authors cencludsd that in this case interference
is not caused by enzymatic destruction of the receptor substance of

susceptible cells, in contrast to the hypothesis advanced by Zisgler et al



~14~

(62)s 1In a second psper, the same authors (55) have found that the
allantoic sac is capable of adsorbing a greater quantity of heated virus
than the minimal interfering dose which they defined as the least amount
of heated virus capable of preventing the appearance of hemegglutinin
in eggs infected with 100 IDgy of challenge virus. They ruled out
blocking of receptors as the interfering effect of the inactivated
virus, although the interfering action of one minimal interfering
dose could be overcome by increasing the size of the superinfecting
inoculum to and above 10° 1D5p. By antiserum titration and RDE treate
ment of infected allantoic sacs, these aunthors tried to show that entry
of live virus into the allantoic cells is not prevented by their prior
infection with heated virus. From unconclusive evidence they stated
that interference is an intracellular phenomenon.

Virus inactivated by heat at 37°C and 22°C and by standing
at 4°C was found to behave in a manner identical with that of UVI virus
(52,54,56), Ziegler st al (52) (1944) have shown that PR8, Lee and
Swine influenza viruses irradiated with ultraviolet light and used in
amounts sufficient to infect all the éells of the allantoic membrane
interfers completely with the growth of active heterclogous virus.
They also noted that interference took place even when the UVI and
the active particles were injected simultaneaﬁsly. These authors ade
vanced the theory that interference might result from quantitative
saturation of the receptor substance of susceptible cells.

Henle and Henle (57) (1944) have found that exclusion may be
induced within less than ten minutes by UVI~-PR8 preceding active Lee

virus. The interfering activity of the UVI virus was shown to be
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destroyed with increasing doses of UV light and also by mixing immune
éerum with the interfering agent prior to its injection into the egg
(52,58). Henle et al (59) ir 1947 reporied that exclusion is induced
within one minute or less between UVI-PRR virus and active Lee virus
by adding potent anti~FR8 rabbit serum one minute after the UVI virus
and noting that it failed to inhibit the irnterfering effect. It is
not clear, however, whether this lack of action by the serwn upon the
interfering ability arose because interference had slready taken place
or because the antiserum waes mersly unable to neutralize the UVI
particles under the experimental conditions.

Eenle gt a1l (60) have reported that UVI-FRE or UVI-Les virus
might have an effect upon the growth of the homologous active particles
even when the interfering agent is added after the sctive virus. These
suthors claimed that there was a depression in the yield of progeny
virug brought ebout by homolegous UVI virus added one hour later, but
not,by heterologous virus. The degree of depression of the yield was
fewrd té decrease gﬁaﬁually with an inecrease in the interval hetﬁeen
the two infections and slso with a dilution of the interfering agent.
However, if the cells were irfected with a high multiplicity of the
active virus, the inhibitory effect of the UVI virus was decreased or
suppressed (Henle, 1949) (61). This strongly suggeste that in the expere
iments with a low multiplicity of the interfering virus not all the sus~
ceptible cells had been infected,

Henle ot al (59) have alsc noted that no meesurable concen=

trations of hemsgglubinin were produced when eggs were infected with
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UVI-IR8 virus, injected with anti-FR8 serum to neutralize the unad-
sorbed particles one hour later and superinfected with active Lee virus
two to sixz days later., In other words, interference was found te last
vp to six days in the cells of the allantoic sac. Henle and Henle (29)
(1947) have found that UVI-PR8 virus may retard the development of the
ailantoic sac of seven to eight day old chicken embryos. On prolonged
jirradiation of the virus, this effeét was destroyed although the UVI
particles retained their ability tc‘hemagglutinate erythrocytes and to
adsorb onto the cells of the allantoic sac. They, thersfore, concluded
that a further step he&ond adsorption is required to¢ induce interfer-
ence. However, these authors did not show that inhibiticn of cell
growth is closely associated with the interfering ebility of the UV
particles. Henle and Henle have alsc reported that additional particles
of influenza virus can adsorb to host cells which have been rendered
resistant to infection by UVI virus,

In eonclusion, it may be saiﬁ that experiments carried out
with bacteriophages have by far yielded the most reliable results.
From this work, it is apparent that one particle of UVI phage is suffic-
jent to interfere with the multiplication of a superinfecting homologous
or heterslogous active virus attaching tec the same cell a short time
later. IExclusion of the superinfecting phage takes place very rapidly
€e £o in one minute in BO per cent of the bacteria infected either with
active or UVI=Tp. Dual infection occurs only with closely related
phages and orly if they infect the bacterium almost simultaneously.
The exclusion brought about by the attachment of one empty phage mem-

btrane, i.e. devoid of DNA, suggests that the interfering phenomenocn
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takes place at the bacterisl surface as was suggested by Delbruck (40).
Moreover, it appears that the penetration of the interferigg agent into
'the bacterium ig not a prerequisite for the induction of exclusion.

The breakdown of the superinfecting vhage at the bacterial surface in
the experiments reported by Lesley gt al (41) alsc favor this hypo-
thesis. Exclusion induced by an homolegous UVI interfering agent seems
to be & surface phenomenon. However, the exclusion of the lyscgenic
phage A by the virulent phage Ty infecting the bacterium after A

has been induced tc mature points to the existence of a second type

of interference which takes place at a later stage in the infectious
process. There are then {wo differsnt kinds of interference; one type
occurs st the bacterisl surface while the second one takes place intra-
cellularly.

The complicated experimental conditions and the incomplete
knowledge of all the necessary variables of the system have rendered
difficult, if not impozsible, a correct interpretation of most experie
rente performed with animal viruses. Few experiments have been per-
formed under conditions which permit a quantitative interpratation;
‘when they could be properly interpreted, they have yielded resulits about
interference very similar to those obtained in the work with bacterial
viruses.

It has been suggested that one particle of heated influenza
virvs may be sufficient to inhibit the production of progeny of a -
superinfecting, active, heterclogous virus adsorbing later. VWhereas
beated influenza virus induces interference slowly and incempletely,

UVI influenza virus appears to induce exclusion very rapidly and in all
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the cells to which the virus has adsorbed.

Some evidence has been presented which indicates that inters
fgrenee is net caused by»the destruction of cellular receptors nor to
their saturation. However, since the problem of the penetration of

the interfered virus remains unsolved, no conclusion should be derived

about the intracellular nature of this phenomenon.
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MATERIALS AND METHODS

Solutions end Media

' Phosphatewbuffered saline (PBS), trypsin solution (.25 per
cent trypsin in FBS), neutral red solutien (1:10,000), Earle's saline
{BS), chicken embryo extract (EE) (1l:1 in ES) and ox serum were pree
pared as described by Dulbecco and Vogt (62).

Versene in FBS: Di=godium %efsenabe (diwsodium salt of
ethylene diamine tetra acetic acid-di~hydrate) « Bersworth Chemical
Cos, Framingham, Mass. = .2 gm., NaCl 8.0 gm., KCl .2 gm., NasHPO,
1615 gme, KHoPO4 o2 gm., double distilled water to make up 1000 ml,
Autoclave 20 minutes, cool, then add .1 gm. of streptomycin and
100,000 units of penicillin. .

Lactalbumin hydrelyéate (LA): To regular ES wes added per
1000 mle: lactalbumin hydrolysate (enzymatic) = Nutritional Biochemical
Corp., Cleveland, Ohio « 5,0 gm., antimycetic (n=butyl pehydroxybenzoste)-
The Matheson Coe., Inc., Joliet, Ill, « .2 gm. Bubble COp to lower the
pH to 6.6, then filter,
| Li~Yosst (LAY): LA to which was added 1.0 gm. of yeast
extract (dehydraﬁed) = Difco.

Tissue culture fluids: The cell layers were grown in either
‘LAY plus four per cent ox serum or in CW (a nutrient solution made up
of amino acide and vitamins deseribed by Charity Weymouth (65))plus

four per cent ox serum, ihe following media were used in the covrsa cf
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an experiments either NMMI (10 per cent ox serum and five per cent EE
in LAY) or NMII (LAY =alone),
Agar overlay: The nutrient agar overlay was prepared as
previously described (62) exéept for the following modifications, 4
volume of 6 ml. of overlay was used containing .85 per cent of unwashed

Difco agar in LAY to which was added .6 ml, of IEE,

Virus

Two strains of NDV were used. Some of the sarliest work was
carried out with the Beaudette strain (B-NDV) (64) supplied by Dr. F. B.
Pangz of Johns Hopkins University. This strain was soon replaced by
the strain L-Ksn 1948 (66) supplied by Dr. G. A. Brandly of the Univer-
gity of Wisconsin, The latter strain will be designated from now on
as K-NDV., It was preferred to the former virus because of its greater
heat stability and its capaclity to produce higher titers of progeny
virus., K-NDV has the following half-lives in PBS at pH 7.4 at 56°C,
45°C and 37°C: 5 minutes, 156 minutes and 24 hours respectively. The
original titer remains unchanged for at least one month at 4°C. One
infected lung cell is capable of yielding 1000 new particles cf this

virus after an incubation period of 24 hours at 37°C in LA.

Preparation of viral stocks
Stocks were prepared by inoculating into the allantoic cavity
of 10 %c 11 day old chicken embryonated eggs 0.1 to 0.2 ml. of &

10% dilution of a previous viral stock., After a period of incubation
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¢f 48 hours at 3706, all»the embryos were dead and, after several hours
of chilling at 4°C, the allantoic fluide were harvested. The fluids
were then spusn in an Internatiocnal centrifuge size 1 at 3000 rpm for &
to 10 minutes; af'ter this, they were centrifuged at high speed in a
Spinco model L ultracentrifuge (25,000 rpm with a rotor #30 for 30 min-
ntes). The pellet was resuspended in the initial volume or less of FBS
and broken up by vigorous pipetting with an antomatic 2 ml. pipette.
After standing overnight in the refrigerator, the viral suspensiocn was
spun again at low speed to remove any material which had not dissolved.
The final supernate was then used as the immediate source of virus and |
‘stored at 4°C. Fresh stocks were prepared about every third,week. The
stock titers varied from 2 to 8 x 10° plague forming unite (pfu) with a
pfu to HA ratio of about 2.7 x 106. This indicates that all or nearly
all the virus particles are infectious as well as hemagglutinating since

one HA unit is egual to approximately 3 x 106 pfu.

Freparatibn of tissue cultures

Two types of cell cultures were used throughout this investi-
gation = chicken embryo cells and chicken embryo lung cells., The former
were used for routine plaque assay of both free virus and iafected cells
while the latter cells being fairly homogeneous and the natural host for
NOV were used as the4egpsrimental host,

1. Chicken embryo cells:
The method for preparing these monolayer cultures has been

described by Dulbeccs (1).
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2o Ghicken embryo lung cells:

Sixteen day old chicken embryonic lungs were aseptically
removed into warm PBS and rinsed in FBS to remeove blood and debris.
The lungs were then cut into aboubt six pieces each. Fellowing a sscond
rinsing, the pieces were incubated for approximately ten minutes at 37°%¢
in PBS containing .25 per cent trypsin. The tissue was then vigorously
pipetted tweniy to thirty times with a 2 ml. sutomatic pipette, until
an homogeneous preparation consisting enbirely of clumps of twenty to
thirty cells each was obtained, These clumps were washed twicé in PBS
by centrifugation at 1000 rpm for two minutes in an Internationsal ‘
size 1 centrifuge and finally resuspended in LAY containing 10 per cent
of ox serum and five per cent of embrye e;traet. A volume of 10 ml. of

this cell suspension containing a total of 2 x 108 clumps were used to

start a2 culture in a 100 mm, pyrex culture dish, The cultures were
incubated at 37°C in a well humidified incubator. The pH in the unsealed
Petri dishes was controlled by the continuous flow of a four per cent

005 in air mixture inside the incubator. These cultures could be used
for virus growth after two days of incubation at vhich time the cells
had spread to form o continuous layer of epithelium on the bottom of the

plate. The layers could be used up to the sixth day after the start of

the culbturs.

Plaque assay of the virus and infected cells
The plagque assay for animal viruses has been described in
detail by Dulbecco and Vogt (1954) (62). The following modificasions

were used, however. A total of 6.6 ml. of nutrient agar overiay was
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used containing LAY instead of ES. The fibroblast layers were used at
24 hours and the plajues could be counted after 3 days of incubation,
The plagues averaging 2 te 3 mm., in dlameter could be clearly seen without
neutral red staining.

Infected lung cells when plated on assay monslayers produced
plagues which were indistinguishable from those formed by free virus,

They were therefore assayed in an identical manner,

Hemageglutination titration

HA titrations were carried out by the Salk pattern technique
(Salk, 1944) (66) with some modifications designed to destroy HA
inhibitors and viral enzymes suggested by Granoff (1955’) (67)s &
volume of .1 ml. of a virus suspension was diluted into .7 ml. of PBS
and o1 ml. of o1 N NalOg was added. This mixture was adsorbed for 30
minubes at 4°C and the excess periodate was neutralized with o1 ml. of
40 per cent of glucose. Serial two~fold dilutions of the mixture were
made in PBS and to 5 mle of this suspension was added .5 ml, of .25 per
cent washed chicken erythrocytes in FBS, Patterns were read after 3 %o
4 hours of standing at 4°C. The readings of +, & or — were read as
in Salk's method; howsver, + instead of - was taken as the end point,
Where - proved to be the observed end point followed by —, + was

taken as the geometric mean of the two valuese

Irradiation of the virus

The viral suspension in FBS was exposed in a volume of 2 to
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2.5 mle in an open 60 mm, Peﬁri dish to UV irradiation by a Westinge
house germicidal lemp from a window 10 om. long by 5 em, wide. The
yintensity at the sample was of the order of 20 ergs per mm.8 per sec.
and about 80 per cent of the energy emitted was in the wave length of

2537 A°, The fluilds were shaken every 40 seconds to insurs proper mixing.

Antiserum

Rabbits were inoculated over = pericd of 2 months with 14
alternating intravenous and intramoscular injections of active NV,
Normal and anti=-NDV sera were obtained by cardiac puncture before the
injections and one week after the last injection respectively.

Antibodiss to normal chicken embryonic tissues were removed
by incubating the serum with about 10° suspended chicken embryonic cells
for 7 hours at 37°C and for 24 hours at 4°C. The cells were then centri-
fuged and the serum kept frogzen at -18°C.

This serum had a X value (68) of 30. At a dilution of 1:100
in PBS in 15 minutes at 37°C, it reduced the infectivity of a given

amount of NDV to one per cent,

Receptor destroying enzyme (RDE)

A ecrude filtrate of a Vibris cholerse culture was obtained
through the courtesy of Dr., Harry Rubin., It had a titer of 800 units
per ml, A unit of RDE was defined as the highest $wo-fold dilutlion
which prevented the agglutination of 5 per cent EBG by eight HA units

of NDV.
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Gensral experimental procsdures

All the experiments performed may be summarily broken down into
two general types. The first type will be called infectio# on the plate,
the sscond type infection in suspension.

1) Infection on the plate:

in this case the layer of lung cells was infected while still
adhering to the glass surface of the cnlture plate, Ths nutrient
medium was sucked off and the cell layer washed twice with warm PBS,
One ml, of the desired inoculum was then deposited on the layer ani pers
mitted to adsorb for a given time, The inoculum was then removed and
the cells were agair washed several times with warm FBS. After the last
washing, the cells were subjected to whatever treatment the experiment
called for « treatment with serum, RDE, incubation in nutrient medium,
etc, If the experiment required superinfection of the cells with a
second inoculum, the above procedures were repeated. After the final
rinsing of the culture with FBS, a volume of 5 ml, of warm versens was
then added to the layer and permitted to act for five minutes, The
layer became disrupted and the cells dispersed in suspension. This cell
suspension was then transferred to a 12 ml., conical centrifuge tube and
pipetted vigorously 10 to 15 times until & preparation ¢ensisting
entirely of single cells was obtained. The cells were then centrifuged
at 1200 rpm in an International centrifuge, size 1, for 2 minutes and
resuspended in 5 ml. of PBS lacking Ca and Mg %ons tb‘prevent clumping.
This washing procedure was repeated twice and the cells were then resus=
pended in 2 to 4 ml, of ca™and M@**free FBS to glve a final concentration

of approximately 108 cells per ml, It was later found that all these
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steps could be done in versene,

The total number of cells present in such a suspension was
then determined by direct count in a Neubausr counting chamber. Both
sides of the chamber were used and the cells in 2ll the 25 quadrants
were counted. The number of cells counted was always at the very least
higher than sixty: therefore, this gives a maximal variation of about
13 per cent in the number of cells counted,

The cells wére gerially dilubed in FBS %o find the concentra-
tion which gave approximeiely 100 pfu and then assayed by plating.

The last cell suspension (before vdil'utian) was centrifuged
once xﬁora to sediment é.ll,.the ¢ells and the supernatant fluié was in
turn assayed to &;termine the amount of residual free virus.

The difference in plague counts between these two samples gave
the number of infec‘faed cells,

All plague assays were carried out in duplicate.

2) Infection in suspensicn

The nutrient medium was sucked off and the cell culture washed
twice with FBS. Versene was then immediately =added to the layer and a
ceil suspenslion obtained as above. The suspension was allowed to stand
for two minutes to permit large clumps, if ainy, tc sediment, The cells
vere trensferred tc & 16 ml. round bottom tube, centrifuged &t 1200 rpm
for two minutes, then resuspanded in eone ml‘. of a given virus inoculum,
The cells were resuspemlad in the inoculunm by vigorous pipetting with a
«2 ml, pipette and incubated in a 37°C water bath for adsorption of the
virus ta’ take place. The cells were shaken frequently to prevent their

clumping at the bottom of the tube. It was later found thatinfecticn
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could be carried out in versene just as well as in PBS and without any
clumping whatscever., At the end of the adsorption period, the excess
virus wes washed off by repeabed centrifugations. From then on, the
steps were identical with those carried out in an experiment with infec-

tion on the plate.

One step growth curve:

One step growth curves (69) are obtained by prevenﬁing reine
fection of susceptible cells by newly released virus. Reinfection can
be prevented in cell suspensicns by‘diluting the cells as soon as possible
after infection and before the relsase ef new virus begins,

Suspensions of infected cells in FBS were prepared as described
above. In the early experiments such cells wers diluted inte MM I to
give a firal cell concentraticn of 2 x 10% cells per ﬁl, This cell suse
pension was then placed in a well humidified incubstor at 379C with a
congtant atmosphere of four per cent of €05 in air., After various time
intervals, a volume of 1 ml. of the cell suspension was removed znd
centrifuged to sediment the cells. The supernate was then assayed for new
virus.

It was later found that the ox serum present in the nutrient
medium (MM I ) had antiviral activity and that the virus grew as well
without embryo extract. LAY was therefore used as the sole constituentk
of the growth medium,

Origirelly all the glassware used in an experiment was coated

with paraffin. This precaution was later found te be superfluons.
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Morsover, it was alsc found that the yield of progeny virus
per infected cell is greatly increased by diluting the cells only to

“a finzl concentration of 2 x 165 cells per ml.

A typical growth curve of NDV is shown in Fig. 2 curve 4.
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EXPERIMENTAL RESULTS

I. Infection of host cells by NDV
A, Adsorption of active NDV to cellular monolayers

Since the knowledge of the adsorption coefficient of NDV
is required in the intérpretation of subsequent experimental results,
the determinaticn of this parameter appears to be a logical starting
point for the present investigation.

Let us define as irreversibly adsorbed, particles which can~
rot be removed by repeated washings of the monolayer onto which they
have adsorbed. Then, the nwﬁ'ber 4V of particles which have adsorbed
irreversibly from a suspension containing originally V, virus particles
during the time 4%t is given by the equation:

ae!‘_é - kG (V-Vv) - w
where % is the time in minutes, k the adsorption coefficient in cell™™
min=} gnd Co is the total number of cells in the host cell monolayer.

Integration of equation 1 from t=0 to t=T gives the number of
particles irreversibly adsorbed aﬁ any time T, i.e.}

V:vo(‘"e-kCOt) (2)

A plot of 1n (1 - %;) ~ the natural logaritim of the fraction
of non-sdsorbed virus = versus the time % will then give a straight
line with a slope equal to (-k Cj).

The adsorption coefficient k was determined for B-NDV at 37°c

in PBS according to equation 2 from the following experiment.
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A volume of .5 ml. of a viral suspension containing approxi-
metely 200 pfu per ml. was plated onto each one of several fibroblast
layers. After various time intervals ranging from 2 to 60 .minutes,
each one of a group of three infected layers was washed three times
with warmed PBS, then overlaid with agar., The results are given |

in Table I and Fig. 1.

Table I
Time Number of Fraction
(min,) Plaques Mean Adsorbed
2 41,48,37 42 +39
4 44,40,41 42 «39
6 50,64,64 59 «85
8 78,84,75 79 .73
15 73,108,100 92 .85
30 105,110,98 101 1.0C
45 110,106,105 107 1.00
60 128,96,100 108 1.00

From Fig. 1 it is seen that the non-aisorbed fraction of virus
follows the kinetics expected from equation 2 when plotted on a semi-
logarithmic scale as a function of the time.

The value for k was determined from the data of Teble I by
the method of Least Square. A value of .142 min.”) was obtained for k
C, the adsorption constant per monolayer. |

The monolayer can be disrupted with versene and the number ofk

single cells obtained is then determined by direct count. There are
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approximately 2 x 107 cells per layer and k is then found to have a
value of:
7.1 x 10™° coll~) minute~l
B, Infection of lung cells by active NDV

- It is important for experimental purposes to know the rapidity
with which the cells of a lung culture are infected under experimental
conditions. Through most of this work, the interfering inoculum con-
sisted of a volume of 1 ml. of a UVI virus suspension at a concentration
of 5 to 10 x 108 particles per ml. From the adsorption constant of this
virus determined above, it can be calculated (see Section VI B.) that
with such an inoculum and under standard conditions 99 per cent of the
susceptible cells should be infected within one minute or less. In
order %o check this point, the proportion of virus yielding cells (which
shall hereinafter be referrsd to as yielders) was measured as a function
of the time of adsorption of the viral inoculum in the following experi-
ment.

lung cells were infected on the plate with a volume of 1 ml,.

of an inoculum contairning 8.2 x 108 pfu per ml, After a period of
adsorption ranging from 2 to 30 minutes each layer was washed twice with
warmed PBS. Anti~EDV serum at a dilution of 1:10 in PBS was then added
for 15 minutes to neutralize the residual free virus. The number of
yielders and the yield of new virus per yielder were determined as

described under Methods. The results are given in Table 11,
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Table II
Mean
Adsorption time 2 4 6 10 15 20 30
in minutes . ’
Number of Yield- 2.31 3.38 1.99 1.91 2,75 3,03 1.74
ers (x 10~%)
Total number of 9.1 12.0 D.8 7.0 9.8 11.0 7.8
cells (x 10~5)
Fraction of #2564 L2822  L,343 L2738 .28l L2756 L2233  .276

Yielders

Virus production 70 71 61 32 43 60 ™ 60
per Yielder

The data of Table 1I show that the number of yielders remains
constant throughout the experiment., Thus, all the cells were infected
within two minutes after the addition of the virus to the cells, This
result was predictable on the baéis of the previously determined rate of
adsorption of the virus to the cell.

The fact that the fraction of infected cells is not equal o
unity must be recorded. The reasons for this result are unknown. It
is likely that the damage done %o the infected cells in the course of
the experiment is partly responsible for this effect. The ratio of
yielders to total cells of about 30 per cent as given in Table II is an

average value found in most of this work,
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II. Effect of UV irradiation upon NDV
A. Loss of infectivity

It is well known that exposure of viruses to ultraviolet
radiation results in the loss of their ability to produce progeny virus.
Such particles are, however, far from being wholly inactive, as shown by
their ability to kill cells onto which they adsorb, tc interfere with the
growth of superinfecting virus, to agglutinate red blood cells in the case
of viruses of the mumpé-inflnenzapﬁn? group and to fix complement (29).
However, an increase in the dose of irradistion will also lead to the
loss of these other viral properties in the order given above. The
following experiments were therefore devised to find the UV dose with
which HDV must be irradiated to lower the surviving fraction tc an insig-
nificant fraction yet without causing the loss of the interfering ability
of the UVI virus.

One ml. samples of B-NDV in a suspension of 10 per cent ox
serum in PBS containing l1l.13 x 106 Pfu were placed into small Petri
dishes and irradiated for periods renging from 15 to 120 seconds. Ox
serun was used to protect this very unstable virus from thermal inacti-
vation. Thé irradiated preparations were then tested for infectivity.
The results are shown in Fig. 2 where the surviving fraction of the viral
population is plotted on a semi-logarithmic scale as a function of the
time of irradiation, i.e.,the UV dose.

Fig. 2 shows that the loss of infectivity of B-EDV follows
a single hit curve, i.e., it is exponential with no point of inflection

at low doses. It also shows that under such conditions one hig
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{equal to 37 per cent survival) occurs every 20 seconds.

In many subsequent experiments in which the stab;e X-NDV
strain was used, 0x serum was omitted. One hit occurred every twelve
seconds when K-NDV was irradiated in PBS alone. The apparent differ-
ence in sensitivity between the two strains was caused by the opacity
of the ox serum to UV light in the irradiation of B-KDV, as could be
shown by measuring its absorbance te light of the wave length 254 mo,

B. Adsorption of UVI-NDV

Since it is not possible to foilow adsorpticn of UVI particles
by the usual plegque technique, the adsorbability of UVI virus was
studied by taking advantage of the fact that it still possesses the
ability to hemagglutinate fowl erythrocytes. By necessity this test
is not a sensitive one since small differences canmnnot be detected. It
is adequate, however, to detect whether there is a great discrepancy
between the rate of adsorption of the active virus and that of the UV
virus,

To carry out this test,the ability of the UVI virus to agglu-
tinate red blood cells was tested first. Two 2 ml, samples were
irraediated in the usual manner, one with an average of 15 hits per
virus particle and the other with an average of 150 hits. The samples
were then tested for their HA titers and compared with that of a control.
In order to increase the accuracy of this test, two titrations were run

in parellel on the same sample. The results are given in Table III.
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Iable III :
‘ Titer
Dilution faetor of 80 160 . 60 120 240
the UVI virus (HA titer) .
Active + + . + <+ ~ 170
UV dose (15 hits) + + . + 4+ = 17
UV dose (150 hits) + - + - —-— 82

+ is taken as the end point. When a + tube is followed by a = tube,
the end point is taken as the geometic mean of the two.

The results show that irradiation with é.n average UV dose of
15 hits per particle did not decrease noticeably the ability of the
virus to agglutinste erythrocytes. After exposure to 150 hits, however,
50 per cent of the HA capacity of the virus had been destroyed.

Adsorption of the UVI virus deseribed above was measured in
the following experiment, A volume of 1 ml., of UVI virus was added onto
each one of several fibroblast layers. Several cultures were treated
similarly with active virus. After 5, 10 or 20 minutes allowed for ad-
sorption, the inocula were removed and tested for their HA ability. The

results are given in Table IV.

Table IV
 Adsorption time (min.) 0 5 10 20
HA titer in inoculum 170 140 120 80
with active virus
HA titer in inoculum 170 140 110 70
with UVI virus (15 hits)
HA titer in inoculum 82 49

with UVI virus (150 hits)
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It is évidsnt from the data of Table IV that the UVI virus
adsorbs at a rate not detectably different from that of active virus.
The remaining hemagglutinin in the sample irradiated with an average of‘
150 hits per virus particle also adsorbs as well as does the active virus.

C. Enzymatic activity of UVI-NDV

Heat treatment of influenza and related viruses has shown that
the engymatic activity of the virus, l.e., its ability to destroy host
cell receptors and elute from red blood cells, is destroyed before the
adsorptive power.

It is of interest, therefore, for the interpretation of the
phenomenon of interference, to test whether the enzymatic activity
of UVI virus is destroyed although its adsorptive power is not. This
was tested by determining the ability of the virus to adsorb onto and
elute from fowl erythrocytes in the following experiment.

An exposure t0 an average UV irradiation of 15 hits per NDV
particle was chosen as the inactivating dose.

A volume of .1 ml, UVI-KDV containing about 4 x 108 wl
particles (150 HA units) was mixed with .9 ml. of & one per ceant red
blood cell suspension. The virus was permitted to adsorb for 30 minutes
at 4°G; elution does not occur at this temperature. The cells were
finally resuspended in 1 ml. warmed FBS and incubated at 37°G for 30
minutes to allow elution of the virus to take place, The cells were
again centrifuged down and the supernatant assayed for its HA titer.

The control with active NDV at the same concentration was treated in

an identical manner. Both tests were run in duplicate. The HA titers
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of the final supernates are given in Table V.

Table ¥
Dilution of supernate 80 160 320 HA titer
Active NDV + -_l; - 160
Active NDV + + - 160
UVI-NDV + + - 160
UVI-HDY + + - 160

Table V shows that NDV irradiated for three minutes adsorbs
onto and elutes from red blood cells as well as does active NDV. It

appears, therefore, that UVI-NDV ratains(its engymatic activity.

III. Exclusion of full& infectious HDV by homologous UVI virus
A, Decrease in the fraction of yielders
UVI-HDV was tested for its ability to interfere with the
growth of homelogous, fully activé virus in lung c¢ells., The test was
carrie