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Persistent infections with rubella virus were established in baby hamster
kidney, BSC-1, HeLa, RK-13, rabbit embryo chondrocyte, and Vero cell lines.
All of the cultures except Vero continually produced rubella virus and interferon
to which the virus was sensitive. Concurrently, only the Vero cells did not display
interference against superinfection with Newcastle disease and vesicular stoma-
titis viruses. The addition of 1,000 U of exogenous interferon to the cultures cured
only the rabbit embryo and Vero cells of the persistent infection. That the
interferon is not required for the initiation and maintenance of rubella viral
persistence in vitro is implied by the following. (1) Vero cells were persistently
infected in the absence of interferon; (2) actinomycin D or cortisone inhibited
interferon synthesis but not the rubella viral infection; and (3) cells continuously
cultured in the presence of cortisone maintained a viral persistence without
interferon synthesis. On the other hand, interferon seems to be responsible for the
viral interference; Vero cells infected with rubella virus and cultures inoculated
with rubella virus in the presence of actinomycin D or cortisone did not
display interference against Newcastle disease or vesicular stomatitis viruses.

Persistent infections with rubella virus have
been reported previously for several cell lines
(11, 12, 14, 23, 24, 29). Because of experimental
variations among laboratories, many of the data
are either inconclusive or contradictory regard-
ing the function of interferon in rubella viral
persistence and interference against superinfec-
tion with heterologous viruses. The purpose of
this study was to establish persistent infections
with rubella virus in cultures of baby hamster
kidney, BSC-1, HeLa, RK-13, rabbit embryo
chondrocyte, and Vero cells under identical
environmental conditions, and to determine
what underlying factor(s) contributes to this
persistence. This report correlates the role of
interferon in establishing and maintaining a
persistent infection with rubella virus in these
cell lines.

MATERIALS AND METHODS
Cell lines. Primary African green monkey kidney

cells and cell lines of baby hamster kidney-21, clone
13 (BHK), BSC-1, HeLa, human amnion, RK-13, and
Vero were obtained from Grand Island Biological Co.,
Grand Island, N.Y. The rabbit embryo chondrocyte
culture was supplied by E. M. Early of Gulf South
Research Laboratory, New Orleans, La. (23). All cell
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lines were cultured in Eagle minimal essential me-
dium supplemented with 10% fetal calf serum for
growth and 2% fetal calf serum for maintenance
(Grand Island Biological Co.).

Viruses. The Herts strain of Newcastle disease
virus (NDV) and the Indiana strain of vesicular
stomatitis virus (VSV) were obtained from J. S.
Youngner (30) and propagated in BHK cells. Rubella
virus stock was grown in primary African green
monkey kidney cells and titered by the interference
assay against Coxsackie A9 virus (23). Rubella virus
titers are expressed as mean tissue culture interfering
dose (TCInD50).

Cultures persistently infected with rubella virus
(culturesR.,). Monolayers of BHK, BSC-1, HeLa,
RK-13, and Vero cell lines in French square bottles
were inoculated with 1,000 TCInD50 of rubella virus.
On day 5 after inoculation, the monolayers were
dispersed with trypsin and seeded at a split ratio of
1:4. Upon completion of the monolayers, the growth
medium was replaced with the maintenance medium.
Subsequent cell transfers were performed on day 5
after formation of a confluent cell monolayer. Initia-
tion of a persistent infection with rubella virus in
rabbit embryo chondrocytes is described elsewhere
(23).
HAd assay. A modification of the hemadsorption

(HAd) and the HAd-inhibition techniques employed
by Schmidt et al. (21) was used. Five days after the
cultures,, formed confluent monolayers in Leighton
tubes, the medium was removed and the cells were
washed with phosphate-buffered saline (pH 7.4). A
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one-ml amount of a 0.25% suspension of one-day-old
chicken erythrocytes in dextrose-gelatin-Veronal
buffer containing 10' M CaCl2 (pH 7.4) was added to
each Leighton tube. After 1 h of incubation at room

temperature, the unattached erythrocytes were aspi-
rated, and the cultures were carefully rinsed once with
phosphate-buffered saline. From 100 to 300 cells were

observed for determination of the percentage of HAd-
positive cells. Specificity of the HAd reaction was

verified by inhibition of HAd with rubella immune
serum (but not with normal serum) and by the
absence of HAd in the uninfected cultures. The
percentage of cells displaying nonspecific HAd was
insignificant.

Interferon production and assay. Interferon en-
dogenous to the culturesRV was harvested with the
culture fluid, dialyzed for 72 h against glycine buffer
(pH 2) and then for 24 h against phosphate-buffered
saline (pH 7.4) (30). The solution was sterilized by
filtration, stored at - 70 C, and assayed by the reduc-
tion of VSV plaques. Twofold dilutions (each 3 ml) of
interferon were added to homologous cell monolayers
in plastic petri dishes (Falcon Plastic, Oxnard, Calif.;
60 by 15 mm). After incubation for 24 h at 37 C, the
interferon was aspirated and an amount of 50 plaque-
forming units of VSV (0.5 ml) was absorbed to the cell
monolayers for 1 h at 37 C. The inoculated cultures
were overlaid with 1% carboxymethyl cellulose (4,000
centipoise, Fisher Scientific Co., Pittsburgh, Pa.) in
culture medium supplemented with 5% fetal calf
serum (BHK cells received 2% serum), and incubated
at 37 C for 3 days in 5% CO2. The monolayers were
gently washed with phosphate-buffered saline to re-
move the semisolid overlay, stained for 5 min with 1%
crystal violet in 20% methanol, and examined for the
number of plaques.

Double-stranded heteropolymers of inosine and
cytosine (20 Ag/ml) were used to stimulate exogenous
interferon in uninfected cultures. After incubation of
the inoculated cultures at 37 C for 24 h, the culture
fluid containing the interferon was harvested, stored

at -70 C, and assayed by the plaque reduction
method.
The sensitivity of rubella virus to the exogenous

and endogenous interferon was determined by the
reduction in HAd specific for rubella virus antigen.
Uninfected cell monolayers in Leighton tubes were
inoculated with twofold dilutions of interferon pre-

pared in the respective cell lines. Twenty-four hours
later the cultures were inoculated with 1,000 TCInD,0
of rubella virus without removing the interferon. Five
days after viral inoculation the reduction in HAd due
to interferon was determined.

Interferon from BSC-1 cells was also assayed .in
Vero cells. Human amnion cells were also used for the
assay of HeLa cell interferon.
Mycoplasma. Cell cultures and virus stocks were

tested for Mycoplasma (1). Those found to be contam-
inated were discarded.

RESULTS

Characterization of culturesH,,. Persistent
infections were initiated in BHK, BSC-1, HeLa,
RK-13, rabbit embryo chondrocyte, and Vero
cells. Five days after initial viral inoculation and
on the fifth day after formation of confluent
monolayers (upon subsequent cell transfers) the
cultures were monitored for the extracellular
virus titer, the percentage of cells HAd positive
for rubella virus antigen, the extracellular inter-
feron titer, and the interference to superinfec-
tion with NDV and VSV.

Rubella virus was continually produced for 85
transfers of the rabbit cellsR\, and 20 transfers of
the other culturesR\ (Table 1). Approximately
70% of the BHKR,. and rabbit embryoRv cells,
and 90 to 100% of the cells in the remaining
culturesRv were HAd positive for the presence of
rubella virus. All of the culturesRv except the

TABLE 1. Characterization of cultures persistently infected with rubella virus (culturesRV)

Cultures,,,- Cell passage Rubella virus Hemadsorption- Interferon
Viral interferencecCultures, ~ no.a titer" positive cells (%) titer (U/ml) NDV VSV

BHKR\ 10 5.0 76 12 3.5 4.5
20 6.2 73 16 3.5 4.5

BSC-1RV 10 3.0 92 24 4.5 3.5
20 2.4 95 27 4.5 3.5

HeLaR\ 10 3.6 97 22 5.5 3.0
20 2.4 94 28 5.5 3.0

RK-13RX 10 3.3 98 20 2.5 3.5
20 3.8 100 26 2.5 3.5

Rabbit embryoH\ 85 4.7 64 16 3.0 4.0
VeroR, 10 3.5 100 < 1 0 0

20 2.8 98 <1 0 0

a Cell passage numbers after initial infection of the cultures.
b Titers are log,0 TCInD5J0.2 ml.
c Log,, reduction in TCID,O of NDV and VSV in culturesRV compared to the titers in homologous uninfected

cultures.
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VeroRv cells produced a low titer of extracellular
interferon and displayed interference to super-
infection with NDV and VSV.

Effect of exogenous interferon on

culturesRV. With the exception of VeroRv cells,
the exogenous interferon used to treat the
culturesRv was stimulated with double-stranded
heteropolymers of inosine and cytosine in ho-
mologous cell lines; Vero, cells received inter-
feron from BSC-1 cells. The cultures,, were

incubated for three routine cell passages in the
presence of 1,000 U of exogenous interferon.

After the third passage of the interferon-
treated cells, the extracellular virus titer and
the percentage of cells that were HAd-positive
for rubella virus antigen were determined
(Table 2). Only in the Vero,Rx' and rabbit
embryoR\. cells did the virus titer and percent-
age of cells displaying HAd decrease to an

undetectable level. The addition of interferon
did not noticably affect the other culturesR\.
Furthermore, even after removal of the exoge-

nous interferon from the Vero, and rabbit
embryoR\, cells, the cultures remained free of
detectable rubella virus and antigen.

Sensitivity of rubella virus to exogenous
and endogenous interferon. The HAd reduc-
tion method for rubella virus antigen was used
so that the sensitivity of rubella virus to endoge-
nous and exogenous interferon could be deter-
mined. Uninfected cultures were treated with
twofold dilutions of interferon, challenged 24 h
later with 1,000 TCInD,, of rubella virus, and
observed 5 days later for the percentage of cells
displaying HAd.
The reduction in the percentage of HAd-posi-

tive cells in the interferon-treated cells com-

pared to untreated cells is recorded in Table 3.

TABLE 2. Effect of exogenous interferon on culturesRV

Rubella virus Hemadsorp-
Cultures,,, titer" tion-positive

'cellsc

BHKRX' 4.3 97
BSC-1RV 2.5 83
HeLaR\ 2.6 98
RK-13,, 3.5 94
Rabbit embryoR,, < 1 0

VeroRV < 1 0

a CulturesR, were routinely passed in the presence

of 1,000 U of exogenous interferon produced with
double-stranded heteropolymers of inocine and cyto-
sine in homologous cells. VeroR\ cells received BSC-1
cell interferon.

'Virus titer (log,, TCInD,,/0.2 ml) of the third
passage of the culturesRV.

c Specific hemadsorption for rubella virus antigen
after the third passage of the culturesR\.

TABLE 3. Sensitivity of rubella virus to endogenous
and exogenous interferon

Interferon titer"
Cell source of Assay cell Eno-Eoe
interferon Endog- Exoge-

enoust nousc

BHK BHK 12 (18) 146
BSC-1 BSC-1 21(26) 256

Vero ND 183
HeLa Human amnion 18 (28) 220
RK-13 RK-13 19 (24) 232
Rabbit embryo Rabbit embryo 16 (21) 195

aInterferon titers represent the dilution of inter-
feron which produced a 50% reduction in the number
of cells displaying hemadsorption specific for rubella
virus antigen, compared to control cultures not
treated with interferon. ND, Not done.

bEndogenous interferon was harvested from the
indicated cell lines persistently infected with rubella
virus. The numbers in the parenthesis represent the
interferon titers assayed by the reduction of VSV
plaques.
cThe amount of exogenous interferon stimulated

with double-stranded heteropolymers of inosine and
cytosine in the indicated cell lines was 1,000 U when
calculated by the reduction of VSV plaques.

The sensitivity of the rubella virus varied with
the cell culture. In all instances, rubella virus
was less sensitive than VSV. There was no
difference in interferon sensitivity when rubella
virus from the respective culturesRX was substi-
tuted for the stock rubella virus from primary
African green monkey kidney cells.

Initiation of rubella virus infection in the
presence of actinomycin D. In order that the
relationship of interferon production to the
initiation of a persistent infection could be
determined, the various cell lines were simulta-
neously inoculated with 1,000 TCInD50 of ru-
bella virus and actinomycin D (AD). BHK,
RK-13, HeLa, and rabbit embryo cells received
20 ng of AD/ml; Vero and BSC-1 cells received
50 ng of AD/ml. The control cultures were
inoculated only with rubella virus. Five days
after inoculation rubella virus and interferon
titers in the culture fluids were assayed, and the
cultures that received AD were trypsinized and
transferred once in the absence of AD. On day 5
after the transferred cultures formed a mono-
layer, the culture fluids were again examined for
rubella virus and interferon synthesis.

Interferon production was not detected in the
cultures inoculated with AD; however, the ru-
bella virus titer was unaffected when compared
to the controls (Table 4). After removal of the
AD, the level of interferon reached that of the
controls, and the virus titer remained relatively
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TABLE 4. Initiation of rubella virus infection in the
presence of actinomycin D

AD not addeda AD presentb AD removedc

Cell lines Virus Inter- Viru Inter- Virus Inter-Vrsferon Vrs feron Vrsferon
titerd titer titertitere titer titer

BHK 4.3 16 4.0 < 1 5.0 16
BSC-1 3.5 13 3.4 < 1 2.7 14
HeLa 2.2 18 2.8 < 1 3.5 22
RK-13 3.4 14 4.0 < 1 3.7 12
Rabbit 2.5 12 3.5 < 1 2.4 16
embryo

Vero 3.7 < 1 3.0 < 1 2.8 < 1

a Control group of cells without AD were inoculated
with 1,000 TCInD50 of rubella virus. Virus and inter-
feron yields were determined five days after inocula-
tion.

BSC-1 and Vero received 50 Mg of AD/ml; the
other cell lines received 20 ug of AD/ml. All cultures
were inoculated with 1,000 TCInD50 of rubella virus
and were assayed 5 days after inoculation for the virus
and interferon titers.

c Five days after inoculation the cultures receiving
AD were trypsinized and transferred. On day 5 after
the transferred cultures formed a monolayer, the virus
and interferon titers were assayed.

dVirus titers are log10 TCInD50/0.2 ml.
eRecorded are the units of interferon per milliliter.

constant. When culturesRv treated with AD
were challenged with NDV or VSV, there was no
viral interference when compared to uninfected
cells treated with equivalent amounts of AD.

Effect of cortisone on initiation and main-
tenance of a persistent infection with rubella
virus. Further evaluation of the role of inter-
feron in the initiation and maintenance of
persistent infection with rubella virus was done
with cortisone. Cortisone (50 jg/ml of medium)
was added to the uninfected cells 24 h prior to
inoculation with 1,000 TCInD50 of rubella virus
Control cultures were not pretreated with corti-
sone before inoculation. After three transfers of
the inoculated cultures, the culture fluids were
assayed for the production of extracellular virus
and interferon. The cortisone-treated cultures
were transferred in the presence of cortisone.

In the cortisone-treated cultures, the produc-
tion of interferon was undetected; however, the
virus titer was similar to the control cultures
(Table 5). CulturesRV initiated and maintained
in the presence of cortisone did not display any
more interference against NDV and VSV.

DISCUSSION
Persistent infections with rubella virus were

established in BHK, BSC-1, HeLa, RK-13,
rabbit embryo chondrocyte, and Vero cells.

Only the VeroRv cells failed to produce inter-
feron and to display interference to challenge
with NDV or VSV. Persistent infections of
BHK, rabbit embryo, RK-13, and Vero cells by
rubella virus have been published previously
(11, 14, 23, 24). To our knowledge, persistent
infections of HeLa and BSC-1 cells by rubella
virus and the demonstration of interferon in
BHKRV, RK-13Rv, and HeLaRv cells have not
been reported to date. In contrast to other
reports, neither BHKRV nor RK-13Rv developed
any cytopathic effect due to rubella virus (10,
13, 17, 22, 24, 25, 27). Cytologic alterations were
only observed in the rabbit embryo chon-
drocytes, which changed from epithelial cells to
cells similar to fibroblasts after infection with
rubella virus (23).
Although it has been suggested that inter-

feron may play a role in maintaining the persist-
ent infection of cells by rubella virus in vitro (6,
12, 29), there are several reports of rubella viral
persistence in the absence of detectable inter-
feron (8, 14, 19, 20). Our data indicated that
neither the initiation nor maintenance of ru-
bella viral persistence was due to the presence of
interferon. Inoculation of the cell lines with
rubella virus in the presence of AD or cortisone
inhibited the interferon synthesis, but not the
establishment of viral persistence. Further-
more, the viral persistence was maintained for
three cell passages although interferon produc-
tion was suppressed by the continued presence
of cortisone in the culture media.

Interference to NDV and VSV coincided with
the presence of interferon in the culturesRv.

TABLE 5. Effect of cortisone on initiation and
maintenance of a persistent infection with rubella

virus

Cortisone absent Cortisone present

Cell linesa Virus Inter- Virus Inter-

titer' feron titer feron
titer i titer

BHK 2.5 20 2.5 < 1
BSC-1 2.0 16 1.7 < 1
HeLa 2.3 19 2.5 < 1
RK-13 3.8 13 4.5 < 1
Rabbit embryo 3.3 24 3.5 < 1
Vero 2.5 <1 2.3 <1

a All cells were inoculated with 1,000 TCInD50 of
rubella virus and routinely transferred three times.
Cultures receiving 50 ,g of cortisone per ml were
pretreated 24 h prior to viral inoculation and were
continuously incubated with cortisone for the three
cell passages.

b Virus titers are log,0 TCInD50/0.2 ml.
c Units of interferon per milliliter.
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Concurrently, when interferon synthesis was
inhibited by AD or cortisone, no viral interfer-
ence was observed. It has been reported that
interferon may function in rubella viral interfer-
ence against various viruses for several cell
cultures (2, 3, 12, 15, 27, 28, 29). On the other
hand, rubella virus has also been shown to
interfere with challenge viruses in the absence
of detectable interferon (5, 8, 16, 19, 20, 28).
Inhibition of rubella viral interference by AD
has been observed by Desmyter et al. (2) and
Wong et al. (29). In contrast to other reports,
the addition of AD or cortisone had no effect on

interferon synthesis once interferon production
was initiated in our cultures (24, 29).

Rubella virus and the endogenous interferon
to which it was sensitive were produced simul-
taneously in all the cultures except VeroR cells.
The addition of large quantities of exogenous
interferon to the culturesR, cured only the
VeroR,, and rabbit embryoR,, cells of the viral
infection; rubella virus yields in the other
culturesR\ were unaffected. Mifune et al. (14)
also cured VeroR. cells with exogenous inter-
feron from BSC-1 cells. However, culturesR\
that produced interferon were not altered by the
addition of low concentrations of exogenous
interferon (4, 14).
The cure of rabbit embryoR, cells is similar to

that reported for L cells persistently infected
with NDV (9). Both persistent infections exist
in the presence of interferon to which the virus
is sensitive. It has been suggested that the NDV
persistence might be due to the presence of the
viral genome in a protected state, or to cells
which are refractory to the action of interferon
(9). Subsequently, persistent NDV has been
shown to possess the enzyme, ribonucleic acid-
dependent deoxyribonucleic acid polymerase,
which could account for the viral persistence in
the presence of interferon (7). It remains to be
shown whether a similar mechanism exists to
explain the persistance of rubella virus irrespec-
tive of the presence of interferon.
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