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An established cell line (Vero) defective in interferon production was used to
evaluate the role of interferon in chronic rubella virus infections of cell cultures.
Inoculation of Vero cells with a low multiplicity of virus resulted in the develop-
ment of carrier cultures which had the characteristics of a regulated infection. Al-
though added interferon did not alter rubella virus production in carrier cultures of
cells capable of producing interferon, such added interferon caused a dramatic
reduction of virus production in the carrier cultures of Vero cells. There was a reduc-
tion of the fraction of cells producing virus in Vero carrier cultures, but not in car-
rier cultures of other cells upon incubation in the continual presence of rubella virus
antibodies. In addition, the fraction of infected cells fluctuated in carrier cultures in
Vero cells. The data indicate that interferon is not necessary for maintaining a
chronic rubella virus infection in vitro and suggest an instability of the virus gen-

ome in Vero cells.

Rubella virus infection acquired in utero may
result in a chronic viral infection. Available evi-
dence suggests that a limited number of cells of
the fetus are initially infected (15), and it has been
postulated that these infected cells may give rise
to clones of infected cells (13, 16). Although the
contribution of interferon in establishing or
maintaining the chronic infection is not known
(1), chronic rubella virus infection of cells grown
in vitro has been readily accomplished (4-6, 8,
12, 16, 19, 22), and it has been suggested that
interferon may play a role in maintaining the in-
fection (4, 8, 22).

Recently, cultures of a stable line of African
green monkey kidney cells (Vero cells) were
found to be defective in their ability to produce
interferon although these cells responded to
exogenous interferon (2). This cell line provides a
system in which the role of interferon production
in the chronic infection of cell cultures by rubella
virus can be examined. This study describes some
characteristics of Vero cell-carrier cultures and
compares the effect of exogenous interferon on
virus production in carrier cultures of human
lung cells and Vero cells.

1 Present address: Virus Disease Laboratory, The Rega Insti-
tute, University of Leuven, Leuven, Belgium.

MATERIALS AND METHODS

Tissue cultures. Vero cells, a stable line of African
green monkey kidney cells, were used between the
152nd and 175th passages. BSC-1 cells, another stable
line of African green monkey kidney cells, were ob-
tained from laboratory stock and used between the
82nd and 105th passages. Human lung fibroblast cells
were obtained from a fetus and used between the 17th
and 20th passages. The Vero cells were grown with
medium 199 containing 59, fetal bovine serum, 0.75 g
of sodium bicarbonate per liter, 100 units of penicillin,
and 100 ug of streptomycin per ml. Growth medium
for BSC-1 cells and human lung fibroblast cells con-
sisted of Eagle’s medium supplemented with 0.75 g of
sodium bicarbonate per liter, 109, fetal bovine serum,
100 units of penicillin, and 100 ug of streptomycin
per ml. Maintenance medium for the three cell lines
consisted of Eagle’s medium with 1.5 g of sodium
bicarbonate per liter, 29, fetal bovine serum, and
antibiotics. When the cells were incubated in a 59,
CO. atmosphere, the content of sodium bicarbonate
was increased to 3.0 g/liter. The incubation tempera-
ture for growth of cultures and for virus replication
experiments was 37 C.

Viruses. Rubella virus (R-1 strain) was used to
establish carrier cultures in Vero cells and human
lung fibroblast cells. The virus was assayed in BSC-1
cells by a previously described modification of the
hemadsorption-negative plaque test (9, 14). Vesicular
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stomatitis virus (VSV), Indiana serotype, was assayed
in BSC-1 cells and Vero cells by plaque formation.
The constituents of the agar medium and methods of
plaque assay of this virus have been described pre-
viously (13).

Determination of the per cent of cells infected. The
infectious-center assay method was used to make most
of these determinations. The procedures for this assay
were based on the method described previously (15,
16). Briefly, after the treatment of infected cultures
with 0.29, trypsin solution containing 0.049, ethyl-
enediaminetetraacetic acid (EDTA), the well-dispersed
cells were washed twice with maintenance medium.
After scoring the cell number by using either a model
B Coulter counter or a hemocytometer, the cells were
serially diluted in maintenance medium, inoculated
onto BSC-1 cell monolayers in petri dishes, and
allowed to adsorb for 60 min in a 59, CO, atmosphere
at 37 C. Medium was then carefully added to the
cultures and the subsequent procedure was identical
to that of the assay for rubella virus in BSC-1 cells
(14). The per cent of cells infected was calculated from
the number of plaques obtained and the cell counts.

In some experiments the terminal dilution assay
method was used. Each of the serially diluted cell
suspensions was inoculated into five tube cultures of
Vero cells and incubated for 4 days at 37 C. Then, the
culture fluid from each tube was examined for the
presence or absence of rubella virus by hemadsorption-
negative plaque formation on BSC-1 cell monolayers
in petri dishes. The number of cells needed to infect
509, of the culture tubes was estimated by the method
of Reed and Muench (17).

Interferon production and assay. Interferon was
prepared in BSC-1 cells by inoculating them with
Newcastle disease virus, California strain. The meth-
ods used for partial purification and assay of inmter-
feron have been described elsewhere (1).

Isolation of cell clones from carrier cultures. After
treatment of carrier culture cells with 0.29, trypsin
solution containing 0.049, EDTA, dispersed cells
were washed twice with Eagle’s medium. The cell
concentration was diluted in Eagle’s medium supple-
mented with 209, fetal bovine serum and rabbit anti-
rubella serum diluted 1:4 (16 units) to yield 100 cells
per 60-mm petri dish. After 1-hr adsorption of cells
to petri dishes in a 59, CO, atmosphere at 37 C, the
medium was removed. The cells were then covered
with Eagle’s medium containing 209, fetal bovine
serum, 0.759%, agar, and a low concentration (0.75 g/
liter) of sodium bicarbonate. The cells were incubated
for 7 to 10 days in a 5%, CO. atmosphere. Each colony
of cells was then transferred to a new petri dish by
a capillary tube.

RESULTS

Establishment of Vero cell cultures chronically
infected with rubella virus. Infection of Vero cells
with a low multiplicity of rubella virus resulted in
the production of new virus progeny which
rapidly spread to infect the majority of cells in the
culture. At a multiplicity of 0.01 plaque-forming
units (PFU) /cell, 409, of the cells were infected
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by 2 days after initial infection and 1009, of the
cells were infected by the ninth day after infec-
tion. In contrast, the same amount of virus
added to human lung cells resulted in infection of
0.49, of the cells by the second day after infec-
tion, and 0.79%, of the cells were infected by day
17. The Vero cell cultures infected with rubella
virus underwent some cytopathic changes;
however, the cell monolayers remained intact
and cell multiplication continued. The infected
cultures of Vero cells were carried through 10
subcultivations after which infected clones were
selected and one of the clones was carried through
an additional 28 subcultivations. Rubella virus
was found in the fluid of the cultures during the
11 months of maintaining the cultures. The
proportion of cells registering as infectious cen-
ters in the first 10 passages of the parent cultures
varied between 50 and 1009,. The proportion of
cells registering as infectious centers in an in-
fected clone was examined over the first seven
passages and 55 to 959, were found to be in-
fected.

To substantiate that a majority of the cells
contained virus and to evaluate the suscepti-
bility of noninfected cells of the carrier culture

TABLE 1. Production of interferon and sensitivity
to rubella virus of clones isolated from carrier
cultures of Vero cells

vi Ifnter- In-,
Clone 1rus | teron | trinsic Sensitivity
designation cz;;lteer g:&'_ "f‘:?f' to rubella virus®
tion® | ence®
1 + | NT¢ | NT NT
2 - |[<1:2 - 1.5 X 108
4 — i<1:2 - 3.0 X 108
7 + |<1:2 - 6.2 X 104 (5.8 X 10%)
8 + NT NT NT
9 + | NT NT NT
11 + | NT NT | 5.0 X 104 (5.2 X 10%)
12 - NT NT NT
14 + |<1:2 — 1.8 X 105 (1.8 X 10%)
18 - |<1:2 — 2.8 X 103
23 - NT NT NT
24 - NT NT NT
Parent Vero <1:2 - 3.0 X 105
BSC-1 1:16] + NT

@ Interferon production expressed as the dilution of culture
fluid which inhibited 509, of vesicular stomatitis virus plaques.
Interferon induced with Newcastle disease virus (NDV) in
monolayers of cells grown in 240-ml (8-0z) prescription bottles
and assayed as previously described (1).

b Intrinsic interference to NDV determined by method of
Marcus and Carver (10).

¢ Expressed as the virus yield per milliliter after 4 days of
incubation of culture infected with rubella virus at a multi-
plicity of 1 plaque-forming unit/cell. The figures in paren-

* thesis indicate the titers of virus in control carrier cultures

not superinfectsd with rubella virus.
4 Not tested.
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to rubella virus, cells of the 10th passage were
monodispersed and cloned. Twelve clones
were established; of the 12 clones, six were
found to be infected (Table 1). The ability to
support the replication of rubella virus was
examined in three infected clones, in three virus-
free clones, and in parent noninfected Vero cells
by infecting the cells at a multiplicity of 1 PFU/
cell and assaying the total virus yield after 4
days of incubation. The virus yield of the clones
free of rubella virus was essentially the same as
that of the parent Vero cells (Table 1), indicating
that the cells in the carrier culture had not ac-
quired genetic resistance to infection by the virus.
Superinfection of the infected clones did not
result in the production of additional virus.
Previously, it was shown that Vero cells were
incapable of producing interferon, but were
susceptible to exogenous interferon (3). Five
clones, two infected and three virus-free, were
examined for their ability to produce interferon
as previously described. Intrinsic interference to
Newcastle disease virus was also examined (10).
BSC-1 cells and noninfected parent Vero cells
were used as controls. The clones derived from
the rubella-infected carrier cultures did not
acquire the ability to produce interferon, nor
did they exhibit intrinsic interference (Table 1).
Effect of exogenous interferon on rubella virus
production in carrier cultures of Vero cells. The
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carrier state of rubella virus in cells capable of
producing interferon does not appear to be al-
tered by exogenous interferon (1). Experiments
were designed to evaluate the influence of exoge-
nous interferon on rubella virus replication in
primarily infected and in chronically infected
Vero cells. In addition to Vero cells which
were infected with rubella virus at a multiplicity
of approximately 0.01 PFU per cell and incubated
for 10 days, one of the infected clones in the
second passage after cloning was used. Human
lung fibroblasts chronically infected with rubella
virus were used as a control. The tube cultures
were washed once with maintenance medium
and divided into three groups. One group of
cultures received 1 ml of medium containing 20
units of interferon, one group received medium
containing antibodies to rubella virus, and the
remaining cultures received maintenance medium
only. Twenty-four hours later, culture fluids from
four tubes of each group were pooled and assayed
for infectious virus. Simultaneously, the number
of cells producing virus was determined.

The results of these experiments in Vero cells
are shown in Table 2. The extracellular virus
content of cultures treated with interferon was
about 509, less than cultures incubated with
medium only. Incubation of the cultures in the
presence of antibodies to rubella virus reduced
extracellular virus infectivity by over 999,. The

TABLE 2. Effect of exogenous interferon and antibody on the infection of Vero cultures with rubella virus

Expt 1 Expt 2
Cultures Determination
Cultures with- | Cultures with | Cultures with- | Cultures with | Cultures with
out interferon interferon® out interferon interferon® antiserum
Primary in- | Extracellular rubella | 4.0 X 105 [ 1.3 X 105 [ 1.2 X 10¢ [ 5.5 X 105 | 6.8 X 108
fected virus (PFU/ml)
Total no. of cells per | 3.8 X 105 [ 3.0 X 105 | 2.5 X 105 | 2.5 X 105 | 2.8 X 105
culture
No. of cells produc- | 2.4 X 105 [ 2.1 X 104 [ 2.0 X 105 | 3.5 X 10¢ | 2.2 X 105
ing virus per culture
Per cent of cells pro- 62 7 80 14 80
ducing virus
Cloned car- | Extracellular rubella | 1.1 X 105 | 5.0 X 104 | 8.5 X 10¢ | 7.0 X 104 | 4.3 X 102
rierd virus (PFU/ml)
Total no. of cells per | 9.1 X 104 [ 1.5 X 105 | 6.0 X 10* | 5.0 X 104 | 6.5 X 104
culture
No. of cells produc- | 5.0 X 104 | 3.0 X 10® | 5.7 X 104 | 7.0 X 10® | 4.4 X 104
ing virus per culture
Per cent of cells pro- 55 2 95 14 68
ducing virus

s The concentration of interferon used was 20 units/ml.

b Antirubella rabbit immune serum (1:4 dilution; 8 units) was used.

¢ Vero cell cultures which were infected with rubella virus at a multiplicity of less than 0.01 plaque-
forming units (PFU)/cell 10 days before evaluating the effect of interferon on virus production.

¢ Infected clones derived from Vero carrier culture at 10th passage.
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number of viable cells in the cultures was not
affected by 24 hr of incubation with either in-
terferon or antibodies to the virus. The propor-
tion of cells producing virus, as determined by
infectious center assay, was markedly reduced
in the cultures treated with interferon; the re-
duction was from 55 to 959%, to 2 to 149,. No
significant differences in the reduction of virus
titer and the per cent of infected cells were observed
between primarily infected cultures and the
clones of the Vero carrier cultures. The presence
of interferon had no effect on virus production
or the proportion of virus-producing cells in
infected cultures of human lung fibroblasts
(Table 3).

Consistently, a greater reduction occurred in
the proportion of cells producing virus than in
extracellular virus after 24 hr of incubation of
Vero cell cultures with interferon. This dis-
crepant reduction was examined more closely.
Cells from an infected clone of a carrier culture of
Vero cells were grown in culture flasks. When
confluent monolayers developed, they were
washed, and two flasks received medium con-
taining 20 units of interferon per ml, whereas
two flasks received medium only. The cultures
were incubated at 37 C and, at intervals, 1-ml
samples of the culture fluids were removed and
replaced with fresh media. The samples taken
from the two flasks at each interval were pooled
and frozen. After all samples were obtained,
they were assayed simultaneously for infectious
virus.

The release of rubella virus from cells incu-
bated in the presence of interferon was the same
as the release from control cells for the first
10 hr (Fig. 1). However, after 10 hr, further
release of virus did not occur from cells treated
with interferon. In cultures treated for 24 hr
with interferon, there was less reduction in
extracellular virus than there was in numbers of
virus-producing cells. The discrepancy was the
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result of virus which matured and was released
before the inhibition of virus synthesis by inter-
feron was accomplished.

To substantiate that the reductiom of virus
synthesis was mediated by interferon, the effect
of interferon was evaluated in the presence of
dactinomycin which has been shown to prevent
the virus inhibition mediated by interferon (20).
Carrier cultures of Vero cells were divided into
four groups. The cells were washed and one
group received 1 ml of medium containing 20
units of interferon. Another group of cultures
received 1 ml of medium containing 2 ug of
dactinomycin—a concentration which was found
to inhibit completely the antiviral effect of 20
units of interferon in a VSV-Vero cell system.
Another group of cultures received interferon
and dactinomycin, whereas the remaining cul-
tures received only maintenance medium. After
24 hr of incubation, culture fluids from four
replicate tubes in each group were pooled and
assayed for infectious virus and the number of
infected cells was determined by infectious
center assay. The results are shown in Table 4.
Extracellular virus titers and the per cent of
cells producing virus in the cultures treated with
interferon and dactinomycin were found to be
similar to those of control cultures, whereas those
of cultures treated with interferon but without
dactinomycin were reduced to the degree noted
in previous experiments. Dactinomycin was
effective in preventing the inhibitory effect of
interferon on virus production by cells of the
carrier cultures.

Effect of the continued presence of interferon and
antiserum on carrier cultures of Vero cells These
carrier cultures were noted to have variable pro-
portions of virus-producing cells; the percentage
of cells producing virus at different passage
levels varied from 55 to 1009,. This suggests that
cells free of virus arose in the Vero carrier cul-
tures and that these cells subsequently became

TABLE 3. Effect of exogenous interferon on the chronic infection of cultures of human lung cells®

Exptl Expt 2
Determination
Cultures without Cultures with Cultures without Cultures with
interferon interferon interferon interferon

Extracellular rubella virus (PFU/| 1.4 X 108 1.0 X 108 4.2 X 10¢ 4.0 X 105

ml)
Total no. of cells per culture 5.5 X 10¢ 9.6 X 10¢ 2.2 X 108 2.4 X 103
No. of cells producing virus per 5.5 X 104 1.0 X 10% 2.0 X 108 2.3 X 108

culture
Per cent of cells producing virus 100 100 95 98

s Infected cultures were obtained by infecting human lung cells with rubella virus at a multiplicity of
0.01 plaque-forming units (PFU)/cell and subculturing seven times at intervals of 5 to 7 days (12).

b See Table 2.
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infected. To examine this possibility, cells of an
infected clone at the 15th and 17th passage were
dispersed by trypsin and seeded into culture
tubes at a concentration of 1.5 X 10° cells per

100|

% OF MAXIMUM VIRUS RELEASE

201

Il 1 L I 1 1

—
(4] 4 8 12 16 20 24

HOURS AFTER ADDITION OF INTERFERON

Fi1G. 1. Release of rubella virus from Vero carrier
cultures expressed as the per cent of the extracellular
virus concentration in control cultures after 25 hr of
incubation. Monolayers of Vero carrier cells were
cultured in the presence (O) or absence (@) of 20
units of interferon per ml and samples of fluids were
removed at intervals and assayed for virus.

TaABLE 4. Effect of dactinomycin on the ability of
interferon to reduce the per cent of cells pro-
ducing virus in Vero carrier culture

Expt 1 Expt 2
Treatment Per cent Per cent
Extra- Extra-
ofedture | celluiar | of cells eclluar | of el
rubella ? rubella b
1 ducing . duci
virus?® virus virus?® virul;g
Maintenance me- 6.0 X 105 100 1.0 X 108 100
dium only
[nterferon® 2.5 X 108 15 {5.0 X 104 21
Dactinomycin® 5.5 X 105 96 1.2 X 108 60
Dactinomycin 4+ [5.0 X 10s 87 1.2 X 108 100
interferon

¢ Expressed as plaque-forming units per milliliter.
b [aterferon used at a concentration of 20 units/ml.
¢ Dactinomycin used at a concentration of 2 ug/ml.
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F1G. 2. Effect of the continued presence of interferon
and antiserum on rubella virus production in carrier
cultures of Vero cells. Symbols: light lines, cell growth;
heavy lines, per cent of cells producing virus; @, medium
only; O, culture treated with interferon; and X, cul-
ture treated with antiserum to rubella virus. Mean and
range of percentage of infected cells are indicated.

tube. The cells were allowed to adsorb to the
glass for 2 hr, at which time one-third of the
tubes received 1 ml of medium containing 1:20
of pooled human serum which contained
320 hemagglutination-inhibiting antibody units
against rubella virus. For comparison, a second
group of tubes received medium containing 20
units of interferon per ml and the third group of
tubes received medium only. Normal fetal bovine
serum was added to the tubes containing inter-
feron and medium only, to give the same final
concentration of serum as the medium con-
taining the human serum. The media in the tubes
were changed every 2 days throughout the ex-
periment. The total cell count, infectious virus
in the fluid of the cultures, and the number of
cells producing virus were assayed at intervals of
4 days.

The results of the experiments are shown in
Fig. 2. The replication of the cells was essentially
the same in all three groups of cultures. In cul-
tures receiving medium, the proportion of cells
producing virus fluctuated between 40 and 809,
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with the largest proportion noted during the
phase of active cell replication. There was a
dramatic decrease in the proportion of cells
producing virus in cultures incubated in the
presence of interferon. Only 69, of the cells
registered as infectious centers after 1 day of
incubation. Thereafter, a linear decrease in the
per cent of cells producing virus was observed,
amounting to about one-tenth of the remaining
virus-producing cells per day. In contrast to the
30-509, reduction in extracellular virus observed
in cultures treated with interferon for 24 hr,
there was a 90 to 999, decrease in the cultures
treated for 4 or more days.

The presence of antibodies to rubella virus
in the culture fluid effected a 2 log,, or greater
reduction in infectious virus in the extracellular
fluid. Initially, the presence of antibodies to the
virus did not affect the proportion of cells pro-
ducing virus; however, the continued presence of
antibodies resulted in a gradual reduction in the
per cent of cells producing virus (Fig. 2) and by
the 17th day only 89, of the cells registered as
infectious centers.

DISCUSSION

Rubella virus is capable of entering a carrier
state in established cell lines (8, 19) as well as in
cell cultures of human fetal tissues (12). In vitro
propagation of tissue from infected human
fetuses, newborns, and from hamster lungs in-
fected in vivo also results in chronically infected
cultures (4-6, 16). None of the rubella virus
carrier cultures described has required the ad-
dition of antiviral factors or antibodies to the
medium. The fraction of cells releasing virus has
ranged from 5 to 509 in the cultures of hamster
lungs (4) to nearly all of the cells in cultures of
human tissues (16). Essentially 1009, of LLC
MK cells in a carrier culture of rubella virus
contained viral antigen by 10 days after sub-
culturing (8). Incorporation of antibodies to
rubella virus or antiviral substances which in-
hibited viral penetration (amantadine HCl and
ammonium acetate) was found not to reduce the
fraction of infected cells (4, 8, 13). The infected
cells appeared to divide, giving rise to infected
daughter cells (8, 16), and the carrier cultures
were found to be resistant to superinfection by
some heterologous viruses but not by others
(4, 8, 16). These characteristics are similar to
those described for infection by certain other
ribonucleic acid viruses, and carrier cultures with
these features have been referred to by Walker
(21) as having regulated infections.

The carrier state of rubella virus in Vero cells
has somewhat similar characteristics. A large

EFFECT OF INTERFERON ON RUBELLA VIRUS

137

fraction of the cells were found to be infected,
and neither antiviral substances nor antibodies
to the virus were needed to maintain the carrier
state. Single cells of the carrier culture gave rise
to infected clones. In addition, we have demon-
strated that virus-free clones derived from the
carrier cultures are not genetically resistant to
reinfection with rubella virus. Several authors
have postulated that interferon may play a role
in maintaining chronic infection by rubella virus
in cell cultures (4, 8, 22). The ability to establish
carrier cultures in Vero cells which are defective
in their ability to produce interferon clearly
indicates that interferon is not required for
maintaining the chronic infection of cultures
by rubella virus. The lack of effect of exogenous
interferon on the carrier state in cells capable of
producing interferon and responding to it could
be interpreted in the same way, but it may also
reflect the mechanism of chronic infection im-
posed upon cells in which the interferon system
is fully active.

Several interesting differences between the
chronic rubella virus infection in Vero cells and
the chronic infection in other cells were noted. A
considerable fluctuation of the proportion of
Vero cells producing virus was observed. This
was seen even in clones of Vero cells derived
from a single cell. In contrast, the proportion of
infected cells in chronically infected human
fetal cell cultures remained constant. In addition,
there was a reduction in the proportion of cells
producing virus when carrier cultures of Vero
cells were incubated continually in the presence
of antiserum, whereas antiserum did not alter
the chronic infection of other cells. There was
also a dramatic reduction in the proportion of
cells producing virus in the Vero carrier cultures
incubated with exogenous interferon, whereas
interferon did not alter virus production in
chronically infected human fetal cells.

The unusual characteristics of the chronic
infection in Vero cells suggest that the virus
genome in these cells may be destroyed or de-
leted. Infected cells could lose their infectious
state if the virus genome were unstable. An un-
stable virus genome could account for the fluctu-
ating proportion of cells in the chronically in-
fected cultures, for the loss of infection by part
of the progeny of single infected cells, and for
the continued sensitivity of the virus to exogenous
interferon and to rubella virus antiserum. One
might see a paradox between instability of the
intracellular viral genome and the high viral
yields accompanied by cytolysis which have
been found in Vero cells (7, 18). However, loss
of the viral genome by part of the cell population
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may be the very condition which allows per-
petuation of chronic rubella virus carrier cultures
when infection is not restrained by the interferon
system or eventually leads to cytolysis, or both.
Additional data will be needed to clarify the
cell-virus relationship in the chronic infection of
cells which are defective in interferon production
as compared to such infections in cells capable of
producing interferon.
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