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Shope Fibroma Virus Growth Curve
in Suspended Tissue Culture*
P. E. LEMOINE,1 A. KARL t & C. E. SCHWERDT

As a tumour-producing agent, Shope's rabbit fibroma virus (a member of the myxoma-
fibroma subgroup of the poxviruses) is endowed with potentialities which differ from
those of vaccinia virus. This work attemps to find, by the technique of the one-step growth
curve in suspended cells, if the virus replication scheme is similar to other poxviruses.
Fibroma virus seems to multiply rather slowly and to a limited level, but the pattern is
characteristic of the poxviruses: eclipse phase, exponential multiplication, reduced release
of virus in the medium are the main features.

Although the growth curve of vaccinia virus (and
several members of the same poxvirus subgroup) in
tissue cultures is well documented (Furness & Young-
ner, 1959; Maitland & Postlethwaite, 1959; Easter-
brook, 1961), only limited comparable data are
available for the myxoma-fibroma subgroup. Despite
its distinctive and interesting features, the study of
Shope's rabbit fibroma virus has been hampered
until recently by the lack of a suitable system for
its cultivation and titration in vitro.

Harel (1956) and Edlinger & Harel (1956), using
the rabbit's nictitating membrane, determined the
principal characteristics of the virus's growth curve
in vivo. Constantin, Febvre & Harel (1956) and
Bauer & Constantin (1956) confirmed their results,
growing the virus in fragments of rabbit's spleen
on chicken plasma clot. Constantin & Febvre
(1956), Febvre, Harel & Arnoult (1957) and Con-
stantin & Febvre (1958) studied the infection, at
high multiplicities, of a continuous line of rabbit
testicle cells, by subcutaneous injection to new-born
rabbits, complement-fixation and histological tech-
niques. Cilli & Castrucci (1959) used monolayers
of ram testicle cells and titrated the virus in vivo
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to obtain an approximate idea of its fate. Verna
& Eylar (1962), after inoculating tubes of primary
rabbit kidney cells, followed the virus development
by taking daily samples, but this did not give
information on the early events of the growth cycle.
Hinze & Walker (1964) applied a similar technique
to monolayers of a serially cultured line of rabbit
kidney cells, limiting their scope to cell-associated
virus. Since this work was undertaken, Israeli &
Sachs (1964) have published the results of their
studies on fibroma virus multiplication in mono-
layers of secondary rabbit embryo kidney cells,
after infection at high (1-25) multiplicities.

It seemed worth while to take advantage of the
recently developed methods for in vitro titration
(Padgett, Moore & Walker, 1962; Verna & Eylar,
1962) to gain some insight into virus replication and
to see whether conclusions drawn from the study of
the better-known vaccinia virus could be extended
to a pox-tumour virus. The one-step growth curve
of fibroma virus in suspended rabbit kidney cells
has been determined, choosing a low virus-to-cell
ratio, in order to prevent multiple infection of
single cells.

MATERIALS AND METHODS

Virus
The Shope OA strain of rabbit fibroma virus has

been maintained in this laboratory by intradermal
inoculation of domestic white rabbits (5 passages)
and has been passed twice on primary or secondary
rabbit kidney cultures. The virus pool used in these
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studies was stored in sealed glass ampoules in dry-ice
as a suspension of infected cells in medium 199,
homogenized by four cycles of freezing and thaw-
ing followed by a 3-min treatment in a Raytheon
sonic oscillator (10 kc/s). After thawing, the virus
suspensions were again treated by sonic waves to
achieve complete dispersion, before diluting in
Hanks' balanced salts solution (BSS). A fresh
ampoule was used each time since it seemed that
repeated cycles of freezing, thawing and sonication
could lower the titre of the semi-purified virus sus-
pension (Fig. 1). The titre was 4.3 x 105 PFU/ml
(mean of 12 assays).

FIG. 1

EFFECT OF REPEATED CYCLES OF FREEZING, THAWING
AND SONIC TREATMENT ON SEMI-PURIFIED FIBROMA
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Cell cultures
Primary cell cultures were prepared by trypsiniza-

tion of minced fragments from freshly excised kid-
neys of white rabbits weighing 1 kg at the most
(adapted from Youngner, 1954). The cells were
subcultured twice in medium 199 containing 10%
or 20% calf serum and 100 IU of penicillin and
100 ,ug of streptomycin per ml, before they were used.

Virus titration
The plaque assay was performed on monolayers

of rabbit kidney cells in 4-oz (114-ml) prescription

bottles according to the method described by
Schwerdt & Schwerdt (1962) for myxoma virus,
except for the substitution of plain growth medium
for agar-containing growth medium. Inoculated
monolayers were incubated at 37°C for 7 days and
then fixed and stained with carbol fuchsin as de-
scribed by these authors. Hyperplastic foci, rather
than plaques, were counted (Padgett, Moore &
Walker, 1962).

One-step growth curve
The general plan of Furness & Youngner's (1959)

technique I has been followed for studying the
multiplication of fibroma virus in suspensions of
rabbit kidney cells. 24 hr monolayers, in 12-oz
(340-ml) prescription bottles, containing approxi-
mately 1 x 106 to 3 x 10 cells, were infected at
multiplicities of 0.05-thus virtually excluding the
possibility of multiple infection of a single cell.
After a 2-hour adsorption period, the monolayers
were washed twice with 20 ml of phosphate buf-
fered saline (PBS) to remove free virus, the cells
were resuspended with trypsin and edetic acid
and diluted in fresh medium to a concentration
of about 1200 cells per ml-of which approxi-
mately 60 were infected-to prevent the loss of
newly formed virus through adsorption to sus-
ceptible cells or initiating further cycles of replication
by direct infection of adjacent cells (Nishmi &
Keller, 1962). The cell suspension was transferred
to a siliconed 1 Bellco spinner flask and kept at
37°C with constant stirring. At intervals, three 1-ml
samples were withdrawn and seeded on new mono-
layers to determine the number of infective centres;
one 3-ml sample was stored frozen for total virus
determination and a further 10-ml sample was
centrifuged for 10 min at 200 rev/min and the
supernatant stored in a deep-freezer for later evalua-
tion of free virus. All frozen samples were thawed,
sonicated for 3 min and, where necessary, diluted
in BSS, for assay on the same day.

RESULTS
Plaque assay
The linearity of the relationship between the

relative virus concentration and the number of
plaques on monolayers was confirmed (Fig. 2),
as well as the time necessary for maximum virus
adsorption (Fig. 3) (Padgett, Moore & Walker, 1962;

"To prevent the loss of resuspended infected cells, all
glassware used in this test was treated with Siliclad, a water-
soluble silicon concentrate.
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FIG. 2
RELATIONSHIP BETWEEN RELATIVE VIRUS

CONCENTRATION AND PLAQUE COUNTS ON RABBIT
KIDNEY CELL MONOLAYERS a

2s0

200

150

100

50

0

1 2 A 8 16

RELATIVE VIRUS CONCENTRAI
a Each point on the graph is the mean of 4

o = agar overlay; *= liquid overlay.

FIG. 3
PLAQUE COUNT OF FIBROMA VIRUS, ON I
OF RABBIT KIDNEY CELLS WITH LIQUI

AS A FUNCTION OF THE DURA-
OF THE ADSORPTIONa

z

0

a

0

60

40

20

0 1 2

hrs AFTER INFECTION

a Each point on the graph represents the met
monolayers.

Verna & Eylar, 1962; Roby, Teskey & Houlihan,
1965). Moreover, it was shown that better results
were obtained by omission of agar from the overlay
medium (Fig. 2). As the use of a liquid overlay
made the test easier, it was adopted throughout
this work. With the cell-system used, no plaques
were visible, even under the microscope, before the
fourth day after infection. The number of plaques
remained constant through the ninth day; no sec-

ondary plaques were seen before the tenth day.
Although this factor was not critical, since the
number of plaques per monolayer remained rela-
tively constant, it was the practice to stain the cell
sheets and count the plaques on the seventh or

eighth day after inoculation.

Efficiency ofplating (EOP) of infected rabbit kidney
cells on rabbit kidney monolayers

For the growth curve to be valid, it was essential
to ascertain that infected cells remained viable
throughout the period under study and that each
infected cell registered as a plaque on a fresh
monolayer. To test this, a procedure similar to that
of Furness & Youngner (1959) was used.

32 Infected monolayers were dispersed with trypsin-
edetic-acid, the cells sedimented to remove the

infected botles. enzyme, resuspended in I ml of medium 199 con-

taining 20% calf serum and seeded on 2 fresh
monolayers which received an overlay of the same
liquid medium. Appropriate controls for virus input

MONOLAYERS were included.
ID OVERLAY, During the couirse of this work, it was noticed

TION that the EOP seemed drop older rabbits

used for setting up the tissue cultures (Fig. 4).
The trypsinization of the infected monolayers could
be extended up to 20 min, at room temperature
(about 25°C), beyond the minimum time required
for the cell sheet to slough off the glass (usually
10 min) without reducing the EOP (Table 1).
Resuspension of the sedimented cells was best

effected in medium 199 containing 10% or 20%
calf serum, as this medium appeared to prevent
clumping of the cells, which was appreciable in BSS
(EOP = 44.6%) and severe in calcium- and
magnesium-free PBS (EOP = 4.4%). An adsorp-
tion period of longer duration than 2 hours usually
resulted in an alteration of the cell sheet that made
it useless. On the other hand, the adsorption period

4 could be discarded completely without any ill effect;
growth medium could be added to the monolayers
immediately after the infected cells without reducing

an of 3 infected the EOP. As can be seen from Table 2, the EOP
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FIG. 4

INFLUENCE OF RABBIT WEIGHT ON EFFICIENCY OF
PLATING RABBIT KIDNEY CELLS, INFECTED WITH

FIBROMA VIRUS, ON RABBIT KIDNEY CELL MONOLAYERS
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TABLE 2
EFFECT ON THE EFFICIENCY OF PLATING, OF USING

AGAR MEDIUM OR PLAIN LIQUID MEDIUM
AS AN OVERLAY

Agar overlay Liquid overlay

PFU/ EOP PFU/ EOP
bottle a (%) bottle a

Control virus input 45 100 35.8 100

Cells overlaid 2 hours after
transfer 34 75.5 40.3 112.5

a Mean of 6 monolayers.

FIG. 5

ONE-STEP GROWTH CURVE OF SHOPE FIBROMA VIRUS
IN SUSPENDED RABBIT KIDNEY CELLS a
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TABLE 1

RESISTANCE OF INFECTIVE CENTRES TO TREATMENT
WITH TRYPSIN-EDETIC-ACID AT ROOM TEMPERATURE

Control
virus 10 min 20 min 30 min 40 min
input

Plaques per bottleaa 62 33 40 48 38

EOP (%) 100 53 64.5 77.5 61

a Mean of 4 bottles.

was much higher with a liquid overlay than with
agar medium as was already found for the plaque
assay. Provided all these precautions were observed,
the efficiency of plating of infective centres
approached 100%.

Multiplication of rabbit fibroma virus in suspensions
of rabbit kidney cells

The technique employed has been described above.
The results of this type of experiment have been
plotted in Fig. 5. The eclipse phase of the virus is
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a Results of two different experiments are plotted on this
figure.
0 = total virus; * = free virus; A = number of infected cells.

noteworthy; no infective virus could be recovered
by disruption of the infected cells up to 15 hours
after inoculation. The first new detectable intra-
cellular plaque-forming units (PFU) made their
appearance at about that time and virus multiplica-
tion proceeded at a steady rate for more than
15 hours more, before slowing down and reaching.
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a plateau by 40-50 hours after inoculation. The
initial titre was restored between 20 and 24 hours
after infection. Even at the time of maximum
virus production, the yield of infective particles per
producer cell was relatively modest: each infected
cell contained from 10 to 30 active virus particles
only.

Extracellular PFU were detected much later
(22-24 hours after infection) and their total number
rose rather slowly to a maximum at about the
same time (40th hour after inoculation) as the
production of intracellular PFU levelled off. The
number of free fibroma PFU never amounted to
much, being barely detectable in the medium.
The suspended infected cells seemed to be stable,

their number-as evidenced by the EOP assay-
remaining constant for at least 24 hours. Thereafter,
a slight drop was noticed, amounting to a 50% loss
from the 24th to the 61st hour. But even though
the number of infected cells diminished at a time
when these cells must have harboured mature
fibroma virus, very few free infective particles were
found: their number never reached the number of
producer cells.

DISCUSSION

As several authors have noted before (Padgett,
Moore & Walker, 1962; Verna & Eylar, 1962;
Israeli & Sachs, 1964; Roby, Teskey & Houlihan,
1965), we found that rabbit fibroma virus needs a
long time for its adsorption to susceptible cells,
reaching a plateau 3 hours after addition of the
virus suspension to the monolayers; in this respect
it resembles the vaccinia virus (Smith & Sharp, 1960).
As 80% of maximum virus adsorption occurred in
a 2-hour period, this was considered satisfactory
for routine use, the unadsorbed virus being washed
off with PBS where necessary.

Following this adsorption, inoculated virus disap-
peared totally and went into the eclipse phase quite
rapidly. No PFU could be recovered by grinding
the cells from the first sample (3 hours after infec-
tion), and this was also true of the following samples
up to 14 hours after infection. It is worth mentioning
in this connexion the work of Takehara & Schwerdt
(1967) on infective subviral particles from cell cul-
tures infected with myxoma or fibroma viruses.
These authors found infectious particles, passing
through Millipore filters of 50-mi, average pore
diameter, i.e., smaller than mature fibroma virions,
in cells ground 1 hour after infection and 8 hours

after inoculation, but not between these time limits,
although the multiplicity of infection was 20-
200 times higher than in the present experiments.

In view of the complete absence of detectable,
infectious virus, there is no doubt about the reality
of the eclipse phase (Maitland & Postlethwaite, 1959).
Indeed, Harel (1956), injecting as much as 4 x 105
ID,0 of fibroma virus into rabbits' nictitating mem-
branes, observed a sharp drop in the titre in the
foPlowing 2 hours and could not recover virus
from the second to the sixth hour after inoculation.
Disruption (or " uncoating ") of the virus was
further attested by the disappearance of the " corpus-
cular " antigen associated with the virions; although
soluble antigen was detected as early as 4 hours
after inoculation, it was 20 hours before corpuscular
antigen could again be measured (Edlinger &
Harel, 1956).
There is some variation in the length of the

eclipse period as reported by authors. The French
workers found, in vitro as well as in vivo, a uni-
formly short period (8 hours and 6 hours, respec-
tively) (Harel, 1956; Constantin, Febvre & Harel,
1956; Febvre, Harel & Arnoult, 1957).

Israeli & Sachs (1964) observed a clear rise in
intracellular virus titre between 9 and 13 hours
after inoculation (if one takes the moment of
inoculum addition as a reference), whereas we found,
in duplicate experiments, no virus at 12 and 14 hours,
but a few particles at 15 and 16 hours. As virus
strains, cell systems and experimental methods gener-
ally were different, there seems to be no point in
commenting on the discrepancies beyond the fact
that the pattern is obviously characteristic of the
poxviruses.

Single-cell maximum production seemed to be
reached by 40 hours after inoculation but amounted
to only 8-30 infectious particles per active centre.
This compares with 2-36 PFU per virus-yielding
cell (Israeli & Sachs, 1964) and 20 PFU per cell at
48 hours after inoculation for Hinze & Walker (1964).
Individual yields apparently remain at a low level,
in contrast to vaccinia virus.
As usual with poxviruses, there is very little virus

liberated in the medium; most of the active particles
remain within the cells. In two assays, the maximum
free virus represented only 0.2 particle per infected
cell. Despite the reduced release of fibroma virus,
Kilham (1956) and Cilli & Castrucci (1959) success-
fully transferred infection serially, using the fluid
phase of infected tissue cultures as inoculum. This
is probably easier when a larger proportion of the
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susceptible cells are infected at the same time.
It may also be influenced to a large extent by the
temperature at which the experiment is performed;
Kilham (1959) states that, at 38°C, the supernatant
fluids alone are not successful as inocula but that
transfers for passages can be made with suspensions
of infected tissue culture cells which have been
frozen and thawed.
As regards the one-step growth curve technique

itself, it may be noted that, in contrast to the find-
ings of Furness & Youngner (1959), there is no
reduction in the EOP of infected cells by dispensing
with the 4-hour adsorption period. This might be
due to our using a liquid overlay instead of an agar
overlay. The agar overlay reduced the EOP (Table 2)
as it seemed to reduce the number of plaques formed
by fibroma virus on monolayers of rabbit kidney
cells (Fig. 2). Israeli & Sachs (1964) had already
remarked on the effect of agar on the development
of lesions produced by fibroma virus on cell mono-
layers of various origins. In any case, there seems

to be no need for an agar overlay, since the number
of plaques per bottle did not increase over a 5-day
observation period-indicating an absence of second-
ary plaques. It might be possible to apply here
Nishmi & Keller's (1962) conclusions on the micro-
epidemiology of vaccinia virus.

Padgett, Moore & Walker (1962) saw little cyto-
pathic effect with the Patuxent strain of fibroma
virus on rabbit kidney cells monolayers in liquid
medium, although discrete foci of cell multiplication
became evident when agar was poured over the
cell sheets. Hinze, Padgett & Walker (1964) later
observed that the cytopathic effect-lytic or hyper-
plastic-depended on the virus strain and Israeli &
Sachs (1964) and Verna (1965) extended this observa-
tion to cell origin and virus: cell ratio. Since we
obtained, in liquid medium, hyperplastic foci
apparently identical with those described by the
former authors, it seems that cultural conditions
are involved too and that agar is not a prerequisite
of " pock " formation.

RESUMt

Des cultures en couche monocellulaire de cellules de
rein de lapin ont ete infectees au moyen du virus du
fibrome de Shope, souche OA, en choisissant un rapport
virus/cellules faible (0,05) de maniere i e'viter l'infection
d'une seule cellule par plusieurs particules infectieuses. Les
cellules ont ete remises en suspension, dilu6es pour prevenir
l'extension de l'infection de cellule a cellule et incubees
a 37°C. Des 6chantillons ont ete pr6leves periodiquement
pour d6nombrer les cellules infectees et titrer la production
totale de virus ainsi que la proportion de virus libre.

Les particules infectantes disparaissent completement
et subissent une #e'clipse # qui se poursuit jusqu'a la
14e heure apres l'infection. La production de virus
infectieux intracellulaire debute a ce moment; elle se

prolonge durant 10 heures a un rythme exponentiel
avant de subir un ralentissement progressif, si bien que
la quantite de virus intracellulaire atteint un maximum
environ 40 heures apres l'inoculation. Le rendement
par cellule infectee reste faible: 8 a 30 particules infec-
tieuses. II n'a pas ete possible de mettre en evidence du
virus libre dans les 22 heures suivant l'infection; le virus
semble libere lentement dans le milieu ii partir de cet
instant et sa concentration maximale- qui ne represente
guere que 1/100 du virus total - est observee vers la
50e heure apres l'inoculation.
Les resultats du cycle unique de multiplication dans

les cellules de lapin en suspension sont compares aux
observations realisees par d'autres methodes.
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