
Bull. Org. mond. Sante 11961, 25, 33-40Bull. Wid Hith Org.

Cultivation of Vaccinia Virus in
Sheep Kidney Cell Cultures

P. SUBRAMANYAM, B.V.Sc., M.S., Ph.D.,' S. DIVAKARAN, B.V.Sc.2
P. VINODRAJ, B.A., B.Sc.3

Attempts to find a suitable tissue for the preparation of cell monolayers for the cultiva-
tion of vaccinia virus andfor the titration of this virus and its antibodies resulted in the use
of sheep kidneys procuredfrom freshly slaughtered healthy young sheep. The cultures are
easy and economical to prepare and support the multiplication of the virus well. They can
be usedfor the titration of the virus and its antibody and their sensitivity to virus is com-
parable to that of the chorio-allantoic membranes of chicken embryos. Preliminary trials
indicate that the sheep kidney cell culture virus can be freeze-dried without suffering a
significant loss in titre. Studies are in progress to determine the efficacy of a vaccine
prepared from sheep kidney cell cultures.

Earlier work on the ability of vaccinia virus to
multiply and cause cytopathic changes in cell and
tissue cultures derived from a variety of mammalian
and avian tissues has been reviewed by Enders
(1954) and Lynn & Morgan (1954). Since the
appearance of these reports, several investigators
have further extended this work by using a variety
of primary mammalian and avian cell and tissue
cultures and cultures of established mammalian cell
lines (Crawford & Sanders, 1952; Frenkel &
Kapsenberg, 1954; Scherer & Syverton, 1954;
Noyes & Watson, 1955; Tyrrell, 1955; Wesslen,
1956; Youngner, 1956; Cutchins & Warren, 1957,
1958; Dienhardt & Henle, 1957; Frenkel, 1957;
Maitland & Magrath, 1957; McLaren & Syverton,
1957; Overman & Tamm, 1957; Randall, 1957;
Ryden & Randall, 1957a, 1957b; Vallejo et al.,
1957; Warren & Cutchins, 1957; Bang & Niven,
1958; Quersin-Thiry, 1958; Sureau et al., 1958;
Soloviev & Mastyukova, 1958; Tagaya & Oda,
1958; Barron & Karzon, 1959; Bernkopf et al.,
1959; Brown et al., 1959a, 1959b; Cassel & Fater,
1959; Cavallero & Meloni, 1959; Cocchi & Acocella,
1959; Driessen & Greenham, 1959; Furness &
Youngner, 1959; Hahon & Kozikowski, 1959;
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Hanafusa et al., 1959; Holland & McLaren, 1959
Mascoli et al., 1959; Mayyasi et al., 1959; Pumper,
1959; Rosanoff, 1959; Sureau & Brygoo, 1959;
Porterfield & Allison, 1960; Postlethwaite, 1960;
Postlethwaite & Maitland, 1960; Pumper et al.,
1960). The work reported here was undertaken to
find a suitable susceptible cell population that
could be prepared with relative ease and in an econo-
mical manner for the assay of vaccinia virus and its
antibodies and to investigate its usefulness for the
preparation of a vaccine against smallpox. Sheep
kidney cell cultures have been found useful for the
cultivation of many viruses (Madin & Darby, 1958;
von Kerekjarto & Hieronymi, 1958; Plowright &
Ferris, 1958; Plowright & Witcomb, 1959; Plow-
right et al., 1959), but there has been no report of
the cultivation of vaccinia virus in these cultures
In view of the relative ease of obtaining sheep kidneys
from the slaughterhouse and their value in virus
studies, attempts were made to determine their
usefulness for the cultivation of vaccinia virus.
Kidneys obtained immediately after slaughter were
found useful for this purpose.

MATERIALS AND METHODS

Cell cultures
The sheep kidney cell cultures were prepared by

modifications of the method described by Youngner
(1954) for the preparation of monkey kidney cell
cultures. Kidneys from freshly slaughtered healthy
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young sheep were collected under aseptic conditions
and transported to the laboratory in a salt solution,
herein referred to as GKN, consisting of the follow-
ing substances dissolved in triple-distilled water:
glucose, 0.1 %; potassium chloride, 0.04 %; sodium
chloride, 0.85 %; and phenol red, 0.002 %. The
cortical tissue was minced into small pieces, about
4 mm3, and washed in several changes of GKN. The
tissue was then repeatedly extracted at 20-minute
intervals with fresh additions of 100 ml of pre-
warmed (37°C) 0.2% trypsin in GKN (pH adjusted
to approximately 7.8 with 0.084% sodium bicar-
bonate) over a magnetic stirrer at room temperature.
The resulting cell suspension was filtered through 3
layers of gauze (1-mm mesh). The cells were
sedimented at 1000 revolutions per minute (r.p.m.)
for 8 minutes, washed once with Hanks' balanced
salt solution (HBSS) containing 10% sheep serum
(all sera used in this study were inactivated at
56°C for 30 minutes) and finally resuspended in
100 ml of a growth medium consisting of HBSS,
80%; sheep serum, 20%; lactalbumin hydrolysate,
0.5%; yeast extract, 0.1 %; and antibiotics
(penicillin, 200 units per ml; streptomycin, 200 ,ug
per ml and Mycostatin, 200 units per ml).
A cell count was made using crystal violet (Sanford

et al., 1951), after which fresh growth medium was
added to the cell suspension to bring the final con-
centration of cells to 5 x 105 cells per ml. The sus-
pension was then distributed in l-ml amounts into
screw-capped tubes, 16 mm x 150 mm, and in 8-ml
amounts into rubber-stoppered bottles, 45 mm x
45 mm x 75 mm. The cultures were incubated at
37°C. The medium was replaced on the third day
and the tube cultures set in a roller drum revolving
at 10 revolutions per hour. If the monolayer forma-
tion was not complete by the sixth day, a further
replacement, with a medium containing HBSS and
Earle's balanced salt solution (EBSS) in equal parts
with the same concentration of other substances as
in the growth medium, was done on that day. After
good monolayer formation, usually 6 to 9 days after
the preparation of the cultures, the medium was
replaced with a maintenance medium consisting of
EBSS with 10% sheep serum, the concentration of
other substances being the same as in the growth
medium. This medium was used for virus inocula-
tion.

Cell monolayers"in bottle cultures not used for
virus cultivation were subcultured into fresh bottles,
trypsin solution being used to effect the transfer.
Cell lines were e8tablished by routine transfer of

fully grown cell monolayers into fresh bottles at a
concentration of 2 x 105 cells per ml.

Virus
The virus used in this study was the Barnes strain

of vaccinia virus, obtained through the courtesy of
Dr R. Q. Robinson of the Communicable Disease
Center, Montgomery, Ala., USA. Virus suspensions
were prepared from the chorio-allantoic membranes
(CAM) of 15-day-old chicken embryos that showed
confluent lesions three days after inoculation of the
virus. The membranes were ground in a mortar
with glass powder and 20% suspensions prepared in
HBSS. The suspensions were centrifuged at 2000
r.p.m. for 10 minutes. The supernatant fluids con-
stituted the active chicken embryo CAM virus pre-
parations and were used for inoculation either im-
mediately or after storage at -20°C.

Embryonated chicken eggs
The eggs used in this study were from fowls of

native breeds. The embryos were used for virus
inoculation on the twelfth day of incubation and
inoculation was done on the CAM as described by
Burnet (1933).

Propagation of the virus

The virus was inoculated in 0.1-ml amounts into
each of 3 culture tubes containing 0.9 ml of the
maintenance medium and the cultures set in a roller
drum at 37'C. They were examined for cytopathic
effects every 24 hours. After the lapse of 5 days,
when the cytopathic effects were at a maximum, the
media in the 3 culture tubes were pooled and a
further serial passage was made. The culture harvest
was stored at - 20°C.
Ten serial passages were made in sheep kidney

cell cultures. At different passage levels, infected and
normal cells grown on coverslips were stained and
examined microscopically. The virus content of the
different passage harvests that were stored at - 200C
was estimated by simultaneous titration on CAMs of
chicken embryos, rabbit skin, sheep kidney cell cul-
ture tubes and by haemagglutination tests with
chicken red blood cells. The haemagglutination
tests were performed according to the method des-
cribed by Salk (1944). Four eggs and four sheep
kidney culture tubes per dilution and two rabbits per
sample were used. Each egg received 0.2 ml of the in-
oculum and each culture tube, which contained 1 ml of
the maintenance medium, received 0.1 ml of the inoc-
ulum. Blood samples were obtained from rabbits by
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cardiac puncture before inoculation and their shaved
backs were inoculated intradermally with 0.1 ml of
the decimal virus dilutions. The CAMs of all em-
bryos dying after 24 hours and the CAMs of embryos
living on the fourth day were examined. The tube
cultures were examined daily for cytopathic effects
and the final reading was taken on the sixth day. The
50% end-points-median CAM infectious dose
(CAM ID50) and median tissue culture infectious dose
(TCID0F)-were calculated by the method of Reed &
Muench (1938). The rabbits were examined every 24
hours and the titre of the virus was taken as the
highest dilution of the inoculum which induced the
stages of papulation, pustulation and scab formation.
The average of the readings on the two rabbits used
per culture sample was taken as the rabbit skin titre.
The identity of the cell-culture-passed virus as

vaccinia virus was established by conducting a
neutralization test with antiserum prepared in rabbits
against a local strain of vaccinia virus.

Plaque titration

The ability of vaccinia virus to produce plaques
in sheep kidney cell monolayers and its usefulness
in the assay of the virus and its antibodies was
studied using monolayers grown in rubber-stoppered
bottles of the dimensions mentioned earlier. After
good monolayer formation, the cells were washed
once with EBSS and used for virus inoculation.
Serial tenfold dilutions of the virus were prepared
in EBBS containing 250 units of penicillin and 250 ,tg
of streptomycin per ml. Two bottle cultures were
used for each virus dilution. One millilitre of the
dilution was introduced into each bottle and the
cultures were incubated at 370C for 4 hours for
adsorption of the virus to the cells. The inoculum
from each bottle was then poured off and the cell
sheet washed twice with EBSS. The cell sheet was
then overlaid with 7 ml per bottle of maintenance
medium containing 0.6% Noble agar. After solidi-
fication of the agar, the cultures were returned to
the incubator in an undisturbed condition. During
the following 5 days the culture bottles were not
disturbed, and on the sixth day the monolayers under
agar were examined under oblique light for plaques.
They were visualized by staining the cell layer with
neutral red by introducing a second overlay of 5 ml
per bottle of EBSS (without phenol red and con-
taining sodium bicarbonate at one-third strength)
containing 1.5% Noble agar and neutral red in a
concentration of 1 part in 10 000. In adding the
second overlay, care was taken not to disturb the

first overlay. The plaques in the bottles were counted
and the number of plaque-forming units (PFU)
per ml of the virus suspension was calculated by
averaging the numbers of plaques per dilution and
multiplying by the dilution factor. Where two
dilutions gave different readings, the average was
taken.

Growth-cycle studies
The multiplication cycle of vaccinia virus in sheep

kidney cell cultures grown in bottles was studied
with a view to determining the highest concentration
of the virus produced and the time when it was
obtained. The sixth passage of vaccinia virus in
sheep kidney cell cultures was used in this study.
The cell monolayers in 4 bottles were washed with
EBSS and 9.9. ml of the maintenance medium was
added to each bottle. One-tenth of a millilitre of
the virus diluted tenfold was introduced into each
bottle. Immediately after mixing, 0.2 ml was with-
drawn from each bottle, pooled and stored at
-20°C for titration. Material was collected at 24-
hour intervals for 8 days after mild agitation of the
bottles, pooled and stored at -20°C. Assay of the
virus was made by titration on the CAMs of chicken
embryos and by haemagglutination tests.

In another experiment, the multiplication cycle of
vaccinia virus in cell cultures maintained in a serum-
free medium (EBSS with lactalbumin hydrolysate,
yeast extract and antibiotics) and a medium con-
taining serum (maintenance medium described
earlier) was determined. Two bottle cultures were
used per group and the cell monolayers were washed
in 4 changes of EBSS to remove all traces of growth
medium. The further procedures followed were the
same as described above, except that the titrations
were performed with the pooled samples collected
on the third, fourth, fifth and sixth days after inocu-
lation. Sheep kidney cell cultures were also used
in the titration.

Freeze-drying of the cell culture virus
The ability of the virus cultivated in sheep kidney

cell cultures to withstand freeze-drying was deter-
mined. For this purpose, 3 bottle cultures of sheep
kidney cells were inoculated with the sixth-passage
culture virus in the same way as was done in the
studies on the growth cycle. The supernatants were
harvested on the fourth day after inoculation. The
harvests were pooled, mildly centrifuged to eliminate
cell debris and divided into equal portions. To one
portion was added an equal volume of peptone
(Difco) solution in HBSS to give a final concentra-
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tion of 5% peptone and to the other portion was
added an equal volume of inactivated normal rabbit
serum. Aliquots of 1-ml amounts from each sample
were stored at -20°C and the remainder were
distributed in 1-ml amounts in ampoules and freeze-
dried in an Edwards centrifugal freeze-drier. The
frozen samples and the dried samples reconstituted
to the original volume (pooled contents of 3 vials of
each sample) with distilled water were assayed for
virus by inoculation in sheep kidney cell cultures, on

the CAMs of chicken embryos and into the rabbit
skin.

Serum neutralization tests

Antiserum to vaccinia virus was obtained from two
rabbits that had been injected intradermally with
tenfold dilutions of the active chicken embryo virus
and had subsequently received a series of intravenous
inoculations of the same virus. Immune and normal
sera were inactivated at 56°C for 30 minutes before
use.

In neutralization tests, equal volumes of the active
virus (cell culture supernatants diluted to contain
100 TCID50 of the virus per 0.1 ml) and serial
twofold dilutions of the sera were mixed and incub-
ated at room temperature for 1 hour. Four culture
tubes were used for each serum dilution. To each
culture tube was added 1 ml of the maintenance
medium (without sheep serum) and 0.2 ml of the
serum-virus mixture. Parallel control culture tubes
received mixtures of virus and normal rabbit serum.

The actual TCID50 dose employed in each test was

determined.
Similarly, in neutralization tests conducted in

bottle cultures by the plaque-forming technique,
100 PFU of the virus contained in 0.5 ml of the
diluent (EBSS with antibiotics) was mixed with
equal volumes of serial twofold dilutions of the
serum and incubated at room temperature for 1 hour.
Two bottles were used per serum dilution and a

1-ml amount of the serum-virus mixture was then
introduced into each bottle. Parallel control bottle
cultures were inoculated with mixtures of virus and
normal rabbit serum. The further procedures fol-
lowed for determining plaque formation were as

mentioned earlier. The highest dilution of the serum
completely inhibiting plaque formation was taken
as the titre of the serum.

RESULTS

The inoculation of vaccinia virus in sheep kidney
cell cultures was followed in 48 hours by cytopathic

effects, which progressed to complete cell necrosis
by the seventh day. These were characterized ini-
tially by enormous swelling of the cells, rounding
and aggregation into clumps. These changes were
followed by marked granularity, vacuolation and
cell lysis. The cells showed a tendency to drop off
the glass, but this was not a characteristic feature
of the cytopathic effect.

Coverslip cultures of infected cells showed the
characteristic cytopathic changes (normal cells are
shown in Fig. 1 and 3 and the infected cells in
Fig. 2 and 4). The intracytoplasmic acidophilic
inclusion bodies were neither abundant nor seen
with regularity. When found, they were usually
of the compact homogeneous type, the early
stages of type B described by Kamahora et
al. (1958). Occasionally, many of the infected
cells showed a large number of minute acidophilic
bodies.

Serial passage of the virus considerably reduced
the time of production of the maximum cytopathic
effect, which was 2 to 3 days after inoculation. An
initial dilution (10-3) of the virus inoculum between
the sixth and the tenth passage resulted in a delay
in the production of cytopathic effects by 1 to 2 days.
The virus was successfully propagated through
10 serial passages in sheep kidney cell cultures,
resulting in a cumulative dilution of 10-25 of the
original inoculum.
The titres of the virus at different passage levels

in cell cultures are shown in Table 1. The TCID,0
of the original virus and the cell-culture-passaged
virus varied between 105.4 to 107.3 per ml. CAMs
of chicken embryos were a little less sensitive in
detecting virus, the CAM ID50 varying between
105.2 to 106-4 per ml. The rabbit skin titres were
the lowest, differing in sensitivity from sheep kidney
cell cultures by about 2 log values.
The plaque titres of vaccinia virus at the first,

sixth and seventh passages in sheep kidney cell
cultures were slightly lower than the TCIDro end-
points.

Vaccinia virus antiserum diluted 1/256 was able
to inhibit plaque formation by 100 PFU of the
virus. Plaques were produced at higher dilutions
of the antiserum and at all dilutions of normal
serum. In neutralization tests done in tube cultures
the antiserum gave a titre of 1/512 while the undiluted
normal serum did not protect the cells against the
virus. Antiserum prepared against the local strain
of vaccinia virus was able to neutralize 100 TCID50
of the virus in dilutions up to 1/256.
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FIG. 1

NORMAL SHEEP KIDNEY CELLS (MAGNIFICATION: x125)a

a Stained with May-Grunwald and Giemsa stains.

FIG. 2

SHEEP KIDNEY CELLS 4 DAYS AFTER INOCULATION WITH VACCINIA VIRUS (MAGNIFICATION: x125)a

B' . 0' .: ........................ .... 0 ..............

a Stained with May-Grunwald and Glemsa stains.



FIG. 3

NORMAL SHEEP KIDNEY CELLS (MAGNIFICATION: x 320) a

mc-u . a.a.-

a Stained with May-Grunwald and Giemsa stains.

FIG. 4

SHEEP KIDNEY CELLS 4 DAYS AFTER INOCULATION WITH VACCINIA VIRUS (MAGNIFICATION: x320)G

a Stained withMay-GrnwadandGlemsastains... :

.

a Stained with May-Grunwald and Glemsa stains.
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TABLE 1
COMPARATIVE TITRES OF VACCINIA VIRUS AT DIFFERENT PASSAGE LEVELS IN CELL CULTURES

AND ANTIGENIC RESPONSE IN RABBITS

Titre/mi b Logio
Sample - - - - ~~~~ ~~~~~~~~~~~~~~~~~~~SNbTCIDso

HAa | TCID.. PFU CAM ID.. Rabbit skin used

CAM 20% 1/1024 10'.7 10" | 10' | 1/64 2.2

CAM 20% 1/512 10' 106.2 104'5 1/64 2.2

1st passage 1/256 10'.7 10"-2 10"-2 103.' 1164 2.2

6th passage 1/1024 10' 10''7 105.7 10 1/128 1.9

6th passage c 1/512 107.3 10' 104 1/128 1.9

7th passage 1/512 10' 105'7 104'7 104'' 1/128 1.9

8th passage 1/1024 10' 105'7 10"5 1/64 2.1

10th passage 1/512 10'.4 105'4 10'5 1/64 2.1

Vaccinia antiserum 1/512 1.9

a HA = haemagglutination titre.
b SN = serum neutralization titre, which indicates the highest dilution of the serum which protected 50 % or more of the

tube cultures at this dilution.
c Fifth-passage culture harvest of vaccinia virus titrated in established kidney cell line at its tenth-passage level.

Growth-cycle studies (see Fig. 5) revealed a steady
and rapid multiplication of the virus in sheep kidney
cell cultures, the highest concentration attained being
108.5 per ml on the fourth day following inoculation.
Thereafter, the titre fell to 104-5 on the eighth day.

FIG. 5

GROWTH CYCLE OF VACCINIA VIRUS IN SHEEP KIDNEY
MONOLAYERS IN BOTTLES a

The haemagglutination titre of 1/16 obtained at
24 hours increased to 1/1024 on the fourth day and
gradually fell to 1/64 on the eighth day.

Vaccinia virus multiplied equally well in cell
cultures maintained in a serum-free medium (Table 2).
It will also be seen from Table 2 that the medium
containing sheep serum did not inhibit the multi-
plication of the virus.

TABLE 2
MULTIPLICATION OF VACCINIA VIRUS IN CELL

CULTURES MAINTAINED IN MEDIA WITH AND WITHOUT
SERUM

Sample T ~Day after Tltre/mlSample | inoculation HA a TCIDo CAM IDs.
3 1/512 107 10'

Serum-free 4 1/1024 107T4 10
medium 5 1/512 10'' 10''

6 1/256 10' 10'

3 1/256 10"O 10"

Serum- 4 1/512 107.4 10".5
containing
medium 5 1/512 10"' 10".

6 1/256 10'' 10'

a HA - haemagglutination titre.

DM Ar5 'IrnAnU

a The virus titre Is expressed In CAM ID.. per ml.
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TABLE 3
EFFECT OF FREEZE-DRYING ON VACCINIA VIRUS
SUSPENDED IN 5% PEPTONE SOLUTION AND IN

50% NORMAL RABBIT SERUM

Titre/ml Logic
Sample TCIDso CAM ID50 Rabt t SN a TCIDso

Virus+peptone 106 103'7 ND b

Virus+serum 105'7 105'' ND

Virus+ peptone
(frozen) 105'5 105.2 ND

Virus+ serum
(frozen) 105.5 105.2 ND

Virus+ peptone
(freeze-dried) 105'' 105.5 103 1/64 2.1

Virus+ serum
(freeze-dried) 105.7 1 0'.2 103 1/64 2.1

a SN = serum neutralization titre, which indicates the highest
dilution of the serum which protected 50% or more of the tube
cultures at this dilution.

b ND = not done.

Freeze-drying of the cell-culture-propagated vacci-
nia virus did not result in a fall in titre greater than
that obtained in routine freezing of the virus at
-20°C. The titres are shown in Table 3. It will be
seen that there is practically no difference between
the titres of the freeze-dried virus sample and those
of the virus sample frozen at -200C. Also, the titres
of the virus samples suspended in peptone and then
freeze-dried or frozen are similar to those obtained
when the virus is suspended in rabbit serum and
similarly treated.
Four attempts to establish continuous cell lines

from primary sheep kidney cell cultures were success-
ful, there being no reduction in the multiplication
potential at any passage level. There seem to be no
marked changes in cell morphology from primary
cell cultures. Their susceptibility to vaccinia virus
is unchanged and the virus yield from such cultures
approximates and sometimes slightly exceeds the
yield from primary cultures.

DISCUSSION

Cutchins & Warren (1957, 1958) found monkey
kidney cell cultures to be more sensitive to vaccinia
virus than cultures from other types of tissues.
Madin & Darby (1958) reported the establishment
in continuous culture of a cell line from sheep

kidneys and stressed its uses in virology. As far as
we are aware, there has been no report on the use of
sheep kidney cell cultures for the cultivation of
vaccinia virus. The observations reported in this
paper indicate that sheep kidney cell cultures offer
a good medium for this purpose and also for titration
of the virus and its antibodies. The growth-cycle
studies show that the virus multiplies to a high con-
centration in these cultures.
The action of vaccinia virus on sheep kidney cells

appears to be the result of a cytopathic effect rather
than of a toxic effect as suggested by studies on
other cell types reported by Nishmi & Bernkopf
(1958), Bernkopf et al. (1959) and Brown et al.
(1959a, 1959b). In the initial stages the cytopathic
effect is characterized chiefly by an enormous
swelling of the cells and is similar to the swelling
response of mouse and guinea-pig lung cells observed
by Pumper (1959). Although sheep kidney cells do
not suffer total cell damage within 24 to 48 hours
as do hamster kidney cells (Barron & Karzon, 1959),
they are not as slow in their response to the virus as
cultures ofchicken embryo tissues, human embryonic
skin-muscle and kidney (Benedek & Kempe, 1953).
Inoculation of undiluted virus leads to a visible cyto-
pathic effect within 24 hours, progressing to com-
plete cell necrosis in 3 to 4 days. When virus diluted
1 in 1000 is used there is a postponement in these
effects by 1 to 2 days.
The plaques induced by vaccinia virus in sheep

kidney monolayers are not big, ranging between
2 mm and 5 mm, and are similar to those induced by
the virus in chicken embryo cell cuitures (Noyes,
1953) and in monkey kidney cell cultures (Youngner,
1956). It has been noted by Youngner (1956) that
the plating efficiency of vaccinia virus is poor unless
an extended period of adsorption is employed before
the addition of agar overlay. For this reason, and
on the basis of the report of Furness & Youngner
(1959), an adsorption time of 4 hours at 37°C was
used. These studies indicate that the plaque-forming
effect in sheep kidney cell cultures could be utilized
for the assay of the virus and its antibodies.

It can be seen from the data presented here that
the sheep kidney cell cultures offer a better medium
for the titration of the virus than embryonated
chicken eggs. It can also be seen that they are more
sensitive than the rabbit skin for titration purposes.

Preliminary studies also indicate that sheep kidney
cells are relatively sensitive in detecting low antibody
levels in sera compared with other experimental
methods now in use. These cultures may prove as
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useful for titration purposes as the agglutination
reaction of L cells described by Mayyasi et al. (1959).
An interesting observation is that sheep kidney

cell cultures can be maintained for over 7 days in a
medium devoid of animal serum without any signifi-
cant change in cell morphology. Vaccinia virus
multiplies in these cell cultures equally well. This
observation is similar to that reported by Pumper
et al. (1960) for vaccinia virus multiplication in mouse
lung cells. This finding is of great importance with
regard to the preparation of a cell culture vaccine
against smallpox.

It is found that sheep kidney cells can be estab-
lished into continuous cultures with relative ease.
The established cell lines are found to be quite
prolific, yielding a cell monolayer in tube and bottle
cultures within 4 days of planting an inoculum con-
taining 2 x 105 cells per ml. In view of the relative

ease with which they can be propagated, they should
prove valuable for titration of the virus and its
antibodies.

Vaccinia virus grown in sheep kidney cell cultures
could be freeze-dried without significant loss in
virus concentration, and the freeze-dried material
was found to produce a satisfactory antigenic res-
ponse in rabbits.
The ease and economy with which primary sheep

kidney cell cultures can be prepared, the high con-
centration of vaccinia virus obtained in these cultures
even in the absence of serum, and the fact that the
culture virus can be freeze-dried without suffering a
significant loss -in titre or in antigenicity would
suggest the value of such cultures for the production
of a vaccine against smallpox. Studies are in progress
to determine the efficacy of a vaccine prepared in
sheep kidney cell cultures.
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RESUME

La recherche d'un tissu se pretant au d6veloppement
en couche monocellulaire, pour la culture et le titrage du
virus variolique, a conduit A l'adoption de rein de mouton
prOlev6 sitot apres l'abattage. Le virus provoque des
alterations cytopathog6niques aboutissant A la necrose
cellulaire en 3-4 jours. Le virus a 6t6 repique en serie de
10 passages. II se multiplie en fonction logarithmique,
que le milieu contienne du serum ou non, ce qui a une
grande importance pour la preparation 6ventuelle de
vaccin sur culture de tissu. Les cellules renales de mouton
sont aussi sensibles- et parfois plus- que la membrane

chorio-allantoidienne de poulet. A ce point de vue, elles
sont sup6rieures a la peau du lapin.
Le pouvoir cytopathogenique du virus et la formation

de plages sous couche de gelose permet le titrage du
virus et des anticorps des serums. Des lign6es cellulaires
ont 6t6 pr6par6es a partir de rein de mouton. Elles sont
aussi sensibles au virus que les cultures primaires. Le
virus obtenu par cette m6thode peut etre lyophilise, sans
perte appreciable de concentration ou d'antig6nicit6.
L'etude d'un vaccin antivariolique prepar6 sur culture
de tissu renal de mouton est en cours.
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