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A previous report (Youngner et al., J. Virol. 19:90-101, 1976) documented that
noncytocidal persistent infection can be established with wild-type vesicular
stomatitis virus (VSV) in mouse L cells at 37°C and that a rapid selection of
RNA-, group I temperature-sensitive (ts) mutants consistently occurs in this
system. To assess the selective advantage of the RNA- ts phenotype, evolution
of the virus population was studied in persistent infections initiated in L cells by
use of VSV ts 0 23 and ts 0 45, RNA' mutants belonging to complementation
groups III and V. In L cells persistently infected with ts 0 23, the ts RNA' virus
population was replaced gradually by viruses which had a ts RNA- phenotype.
VSV ts 0 45 (V) has another marker in addition to reduced virus yield at 39.5°C:
a defective protein (G) which renders virion infectivity heat labile at 50°C.
Persistent infections initiated with this virus (ts, heat labile, RNA') evolved into
a virus population which was ts, heat resistant, and RNA-. These findings suggest
that the ts phenotype itself is not sufficient to stabilize the VSV population in
persistently infected L cells and also indicate that the ts RNA- phenotype may
have a unique selective advantage in this system. In addition to the selection of
ts RNA- mutants, other mechanisms which also might operate in the maintenance
of persistent VSV infections of L cells were explored. Whereas defective-interfer-
ing particles did not seem to mediate the carrier state, evidence was obtained
that interferon may play a role in the regulation of persistent infections of L cells
with VSV.

In 1976, we reported (16) that noncytocidal
persistent infections could be established in
mouse L cells (Lvsv) at 37'C with infective B
particles of vesicular stomatitis virus (VSV) in
the presence of large numbers of defective-inter-
fering (DI) particles. Within a few weeks after
infection, there was a rapid spontaneous selec-
tion of temperature-sensitive (ts) virus which
replaced the wild-type virus population. A sig-
nificant rise in the frequency (73%) of ts mutants
in the virus population was noted by 11 days,
and by 63 days 100% of the virus clones isolated
were ts at the nonpermissive temperature
(39.5°C). The ts clones isolated had an RNA-
phenotype and belonged to VSV complementa-
tion group I. This finding was so consistent in
persistent infections initiated in L cells with
wild-type VSV that the possible selective advan-
tage of the RNA- phenotype in this system had
to be considered.
The present report describes the evolution

that occurs in virus populations when persistent
VSV infections of L cells are established with
phenotypically RNA' mutants belonging to
complementation groups III and V. In addition,
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an assessment is made of several mechanisms
which may operate in the maintenance of per-
sistent infections by VSV in L cells.

MATERIALS AND METHODS

Cells. Primary chicken embryo (CE) cells, mouse L
cells (clone 929), and a line (BHK-21) of hamster
kidney cells were propagated in Eagle minimal essen-
tial medium plus 4% calf serum.

Viruses. The ts mutants of VSVIND used repre-
sented complementation groups III and V and were
obtained from R. R. Wagner. Stocks of virus were
grown in BHK-21 cells with the use of inocula of less
than 0.01 PFU/cell to minimize the production of DI
particles. Infectivity assays were done in CE cells.

Screening ofVSV clones for temperature sen-
sitivity. CE monolayers were grown at 37°C in plastic
trays containing 24 wells 16 mm in diameter. Each
well was seeded with 1.5 ml of a standard dilution of
primary CE cells; from 8 x 105 to 1 x 106 cells were
present in each well when the monolayers were con-
fluent. The cells in each well were infected with 0.1 ml
of undiluted virus suspensions obtained by transferring
agar over isolated plaques to 1.0 ml of medium. Rep-
licate well trays were incubated at 33 or 39.5°C in
humidified incubators gassed with CO2. The infected
monolayers were examined under a microscope for
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cytopathology, which correlates with virus replication.
When cytopathic effect was complete in wells incu-
bated at 33°C (usually 48 h after infection), fluids were
harvested from wells at both temperatures and as-

sayed by the plaque technique at 330C.
VSV-specific RNA synthesis. Cumulative VSV-

specific RNA synthesis in BHK-21 cells was deter-
mined as follows. BHK-21 cells in plastic well trays (24
wells, 16 mm in diameter) were infected (multiplicity
of infection [MOI] = 5) for 1 h at 4C. The virus
diluent contained DEAE-dextran (10 ,ug/ml). The in-
oculum was removed, 1 ml of warm growth medium
was added, and duplicate trays were incubated at

either 33 or 39.50C for 1 h. The medium was removed,
the monolayers were washed with 1 ml ofwarm growth
medium, and 1 ml ofwarm growth medium containing
4 ,ug of actinomycin D per ml and 4 ytCi of [5-3H]-
uridine (specific activity, 29 Ci/mmol) was added. The
duplicate trays were incubated in water baths (±
0.050C) at either 33 or 39.50C for 8 h. The medium
was removed, the cells were washed twice with cold
medium, and the monolayers were solubilized with 1%
(wt/vol) sodium dodecyl sulfate in phosphate-buffered
saline lacking Ca2" and Mg2e. A 2-ml amount of cold
10% trichloroacetic acid was added, and the trichlo-
roacetic acid-insoluble fraction was collected after 1 h
at 40C by suction filtration on Whatman GF/A glass-
fiber filters. The filters were oven-dried (800C for 20
min) and treated with 0.5 ml of NCS tissue solubilizer
(Amersham/Searle Corp.) for 1 to 2 h at room tem-
perature. Radioactivity was determined in a Packard
3375 liquid scintillation spectrometer after adding 10
ml of a toluene-based scintillation cocktail containing
42 ml of Liquifluor (New England Nuclear Corp.) per

liter of toluene. Clones that synthesized RNA with an

efficiency ratio less than two-tenths of the 39.50C to
330C ratio of RNA synthesis by wild-type VSV were

classed as having an RNA- phenotype. This method
of analysis was used to obviate the reduced efficiency
ofRNA synthesis by many ts viruses at the permissive
temperature as a factor in the analysis (2).

RESULTS

Initiation of persistent infection with a

group m ts mutant (ts 0 23). To investigate
the possible selective advantage of RNA- VSV
mutants in persistence, infections were initiated
with an RNA' mutant (ts 0 23) belonging to
complementation group III. Persistence was es-

tablished at 370C in L cells infected with a low
multiplicity (0.4) of this virus. The inoculum had
been grown in BHK-21 cells at low MOI to
minimize the presence of DI particles. Fluids
were collected from the persistently infected line
at the time of each cell passage. At selected
intervals after initiation of the persistence, the
virus in harvested fluids was cloned in CE cells

by isolating plaques at terminal dilutions at
330C, the permissive temperature. In addition,
the parental virus was cloned to determine its
homogeneity in regard to the RNA' phenotype.

The results of these cloning experiments are
displayed in Table 1.

Clonal analysis revealed that in the case of
the ts 0 23 parental population, 29 of 30 clones
(97%) showed an RNA' phenotype; one clone
synthesized RNA at the nonpermissive temper-
ature with an effectiveness only 10% of that of
wild-type virus. By 2 days after initiation of the
infection, the frequency of RNA- mutants pres-
ent in the fluids from persistently infected cells
had risen to 10%, an increase not statistically
significant. However, at 37 days, the frequency
of RNA- mutants was 68%; at 75 and 198 days
after initiation, the frequency of RNA- mutants
increased to 72% and 81%, respectively. The
results obtained with individual clones, dis-
played graphically in Fig. 1, reveal that, in ad-
dition to the increasing frequency of RNA-
clones in the population, the RNA synthesis
defect became progressively more pronounced
with time.
To confirm these results, another persistent

infection was started in L cells by use of a
subclone (F-3) of ts 0 23 that had been plaque-
purified six times in CE cells. The sixth clonal
passage was amplified at low multiplicity of in-
fection (0.01) in MDBK cells, which are poor
producers of DI particles. When clonal analysis
techniques were applied to fluids harvested at
different times after initiation of persistence, the
pattern observed was similar to that of cultures
infected with parental ts 0 23 as described above
(Fig. 2). The RNA synthesis at the nonpermis-
sive temperature of the parental clone F-3 was
as efficient as or more so than the wild-type
virus and is shown by the solid square symbols
at the top of Fig. 2. At 8 days after initiation, all
30 clones tested were ts and 29 of 30 clones were
RNA' at the nonpermissive temperature; one
clone was classed as RNA-. By 43 days, all 29

TABLE 1. Appearance ofRNA phenotype in
persistent infections ofL cells initiated with a group

III (RNA) ts mutant of VSV (ts 0 23)

Days after No. of clones No. of clones
Cell passage initiation ts/no. iso- with RNA-

lated phenotypea
Parental virus - 30/30 1 (3)

(ts 0 23)
P-o 2 30/30 3 (10)
P-8 37 28/28 19 (68)
P-18 75 29/29 21 (72)
P-44 198 26/26 21 (81)

a RNA- phenotype = 39.5°C to 33°C ratio of RNA
synthesis in BHK-21 cells by the cloned virus divided
by the 39.5°C to 330C ratio of wild-type virus in
infected cells is 0.2 or less. Numbers within parenthe-
ses indicate percentages.
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FIG. 1. Efficiency ofRNA synthesis (39.5°Cto 33°C
ratio) of ts virus clones isolated at different intervals
from persistent infection ofL cells initiated with ts 0

23, a group III RNA' mutant of VSV. Time on ab-
scissa not to scale.

clones isolated were still ts but, of these, 23
(79%) were RNA-. At 211 days after initiation,
of 28 ts clones isolated, 27 (96%) had an RNA-
phenotype. Again it can be noted, as in Fig. 1,
that in addition to the increasing frequency of
RNA- clones in the population, the RNA syn-
thesis defect became progressively more pro-
nounced with time.
Attempts were made to carry out complemen-

tation analysis of the RNA- clones isolated from
the persistent infections initiated with ts 0 23;
these efforts were unsuccessful. Problems were

encountered involving the leakiness of these mu-
tants at 39.5°C when used at high multiplicities
in complementation analyses. Clones with
39.5°C/33°C plating efficiencies of lo-5 to 106

gave yield efficiencies of 10' to 10-2 at a high
(5.0) MOI. This is in marked contrast to the
behavior of the ts mutants from persistent infec-
tions initiated in L cells with wild-type VSV (16).
Schnitzer et al. (12) have reported that MOI
influences the leakiness of the ts-1 mutant of
respiratory syncytial virus at 390C.

Initiation of persistent infection with a
group V ts mutant (ts 0 45). In addition to
reduced viral replication at 39.5°C, ts 0 45 has
another phenotypic marker: the G protein is
defective and renders the virion infectivity heat
labile at 500C (9). This marker enabled further
characterization of the evolution of virus in per-
sistent infections with this group V mutant.
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FIG. 2. Persistent infection ofL cells initiated with

a six times cloned VSVgroup III RNA' mutant (ts 0
23 F-3): efficiency ofRNA synthesis (39.5°C to 33°C
ratio) of ts virus clones isolated at different times
after initiation. Time on abscissa not to scale.
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The ts 0 45 virus used for initiation had been
serially cloned six times in CE cells and then
amplified in MDBK cells at low MOI to mini-
mize the production of DI particles. Persistent
infection was established by use of an input
multiplicity of 0.01. Samples of the culture fluids
were harvested at various intervals after initia-
tion, and the efficiency of plating (EOP) at
39.5°C was determined. Individual virus clones
were isolated from terminal dilution plates in-
cubated at 33°C. The properties of clones ob-
tained from fluids harvested between 7 and 235
days after initiation are summarized in Table 2.
Although infectivity was barely detectable in
fluids harvested during the first two passages,
titers subsequently fluctuated between 103 and
105 PFU/ml. No correlation was apparent be-
tween the properties of the individual virus
clones isolated and the infectivity titer in the
culture fluids or the extent of cytopathic effect
in the cultures. However, at 16 and 21 days after
initiation, the high EOP at 39.5°C of the un-
cloned culture fluids was indicative of the pres-
ence of a large number of non-ts (ts+), appar-
ently wild-type revertant clones in the virus
population. The ts+ clones replicated to high
titers in CE and BHK-21 cells at both 33 and
39.50C and were somewhat more heat resistant
than authentic wild-type virus. The reasons for
the appearance of wild-type revertants at this
time and for their subsequent elimination from
the virus population are unclear. By 36 days,
the virus population was again predominantly
(85%) ts, and from 49 days on all virus clones
isolated were ts. Concurrent with these changes
in the virus population, the heat lability of the
ts virus clones changed dramatically. Figure 3
displays graphically the effect of heating on the
infectivity of clones isolated at different times
after initiation of persistence with ts 0 45. The
first panel of clones at the left of Fig. 3 shows
the data for parental clones, all of which were
extremely heat labile at 500C. At 7 days after

TABLE 2. Evolution of virus in L cells persistently
infected with VSV ts 0 45 (d

No. of
Cell pas- Dayst EOP clones Percent

sage ation (39.5/330C) ts/no. iso- ts
lated

P-i 7 NDa 15/15 100
P-3 16 0.27 11/30 37
P-4 21 0.18 5/30 17
P-7 36 <1.3 x 10-3 23/27 85
P-9 49 <6.6 x 10-4 30/30 100
P-il 79 <3.1 x 10-3 30/30 100
P-16 118 9.1 x io-3 28/28 100
P-44 235 <9.0 x 1o-5 30/30 100

aNot determined.
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FIG. 3. Evolution of ts virus clones isolated at
different intervals from persistent infection ofL cells
with ts 0 45 (F-4), a six times cloned VSV group V
RNA' mutant. Inactivation of infectivity (compared
to wild-type virus) after heating at 50°C for 10 min.
Virus samples were diluted 1:100 in phosphate-
buffered saline (pH 7.2) prior to heating.

initiation of infection, all 15 virus clones isolated
were ts, and all 14 of those tested at 500C were

heat labile, with heat inactivation ratios ranging
from 6 x 10-2 to 2 x 10-3, relative to wild-type
VSV. This range was very similar to that found
for the clones of parental mutant ts 0 45. In
contrast, the 11 ts clones isolated 16 days after
initiation of the persistence fell into two groups:
six clones (ts hl [heat labile]) were similar to the
parental ts 0 45 virus, whereas five clones (ts hr
[heat resistant]) were 3.5- to 10-fold more heat
resistant than wild-type VSV. All ts virus clones
isolated from subsequent passages of the per-
sistently infected cells, with only one exception
(see 36-day clones in Fig. 3), were ts hr.
The ts virus clones from 16-, 79-, and 118-day

fluids failed to give a consistent complementa-
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tion pattern with any of the known genetic
groups of VSV. Most of the virus clones isolated
21 days or later after initiation produced unac-
ceptably high yields under the conditions of high
MOI required for either complementation anal-
yses or cumulative RNA synthesis measure-
ments at 39.5°C. When clonal fluids of 21- or 36-
day clones were used to infect CE, L, or BHK-
21 cells at 33 and 39.5°C, all clones were uni-
formly ts and had replication efficiencies be-
tween 10-3 and <106. However, the 33°C yield
from this first amplification passage in either CE
or BHK-21 cells had plaquing efficiencies at
39.5°C between 10-1 and 10-3, indicating the
accumulation of ts+ revertants during the pas-
sage at 33°C. The high reversion frequency ef-
fect was much more pronounced when CE or
BHK cells were infected at an MOI of 5 than at
an MOI of 0.05 and was termed "multiplicity
leak." However, it can be noted in the last col-
umn of Table 3 that, of 26 stable ts hr clones
(i.e., clones which did not appear to accumulate
revertants) isolated between 16 and 235 days
after initiation, 22 (84.6%) were RNA-.
From the data in Fig. 3 and Table 3, the

following picture emerges. During the course of
establishment and maintenance of persistent in-
fection initiated with a group V mutant in L
cells, the uniformly ts hl RNA' virus population
present 7 days after infection evolved by 2 to 3
weeks into a mixture in which ts+ virus predom-
inated. The apparently wild-type virus (ts+ hr
RNA') was then rapidly replaced by a ts hr
RNA- population, suggesting that the pressures

TABLE 3. Heat sensitivity and RNA phenotype of
virus clones isolated from persistent infection

initiated with ts 0 45
ts Heat-sensitive ts Heat-resistant

Days after initia- clones clones
tion No. RNA-/ No RNA-/

N.RNA- o RNA-

Parental virus 28 28/Ob 0
(ts 0 45)

7 14 13/1 0 -
16 6 5/0 5 1/3
21 0 - 7 MLU
36 1 MLC 24 0/1
49 0 - 30 MLC
79 0 - 30 2/4

118 0 - 28 0/8
235 0 - 29 1/6

a RNA phenotype of stable ts persistently infected
clones only.

b An additional 27 parental ts 0 45 F-4 clones (not
tested for heat sensitivity marker) were tested for
RNA phenotype; 3 of 27 clones were RNA-.

c Multiplicity leak.

J. VIROL.

within the persistent infection select specifically
for certain types of ts mutants most suited for
maintaining the carrier state.
Mediation by DI particles. We reported

previously that noncytocidal persistent infec-
tions of L cells could be established with wild-
type VSV on4r in the presence of large numbers
of DI particles (16). Although essential for ini-
tiation, DI particles were not considered crucial
to the maintenance of this persistent infection
since we failed to demonstrate significant num-
bers of DI particles in Lvsv fluids (less than one
DI particle/PFU) by an interference assay (1).
Further efforts were made to quantitate the DI
particles present in culture fluids by using the
highly sensitive amplification technique of Hol-
land and Villarreal (4). Using this method and
employing BHK-21 cells for amplification, we
found less than one DI particle for each 10 PFU
in the culture fluids from Lvsv cell cultures. In
addition, serial undiluted passages in BHK-21
cells of fluids from Lvsv cell cultures showed
that at least three passages were necessary be-
fore interference and DI bands were detected in
the harvested fluids, again indicating the low
concentration of DI particles in the fluids from
Lvsv cell cultures. We have also found that,
compared to BHK-21 cells, L cells are poor hosts
for the replication of VSV DI particles (unpub-
lished data). The deficient replication of VSV
DI particles in L cells has also been noted by
others (8, 11).
As Holland et al. (5) have pointed out, it is

practically impossible to rule out the presence
of small numbers of DI particles in VSV repli-
cating systems. In the case of Lvsv cells, the
paucity of demonstrable DI particles in the cul-
ture fluids and the inherent defectiveness of the
host L cells for their production make it seem
unlikely that, in the system we are studying, DI
particles play a crucial role in the maintenance
of the carrier state.
Mediation by interferon. In our original

studies with Lvsv, we reported that although the
cells were resistant to challenge with wild-type
VSV and a heterologous virus, pseudorabies, no
interferon was detected in the culture fluids,
even after 100-fold concentration (16). More re-
cently, Ramseur and Friedman reported that
prolonged VSV infections of L cells, established
with the aid of exogenous interferon, may be
maintained by endogenous interferon produc-
tion as well as by the selection of ts mutants (10,
11). In their experiments, endogenous interferon
was implicated not by the detection of the inhib-
itor in fluids from the infected cells (7) but by
the enhancement of virus replication and cell
destruction after treatment of the cell cultures
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with anti-mouse interferon antibody. This ap-
proach had previously been used by Inglot et al.
(6) to elucidate the role ofendogenous interferon
in persistent infections of L cells with Sindbis
virus.

Cell lines persistently infected with VSV were
treated with a 1:100 dilution ofrabbit anti-mouse
interferon immunoglobulin G (supplied by the
Antiviral Substances Program, National Insti-
tute of Allergy and Infectious Diseases), with
normal immunoglobulin G, or with growth me-
dium alone. The results obtained with two Lvsv
cell lines (Table 4) show that in both instances
continued presence of anti-interferon antibody
in the medium increased virus titers 34- to 180-
fold in fluids harvested 3 and 6 days after treat-
ment was begun. Correlated with the increased
virus yield, there was also a significant increase
in cell destruction in both cell lines when treated
with anti-interferon antibody. These results,
which are quite similar to those obtained by
Ramseur and Friedman (10, 11), point to the
possible role of endogenous interferon produc-
tion in the maintenance of persistent VSV infec-
tions in L cells. It should be noted that these cell
lines are resistant to challenge not only with
VSV, but also with such heterologous viruses as
pseudorabies, Mengo, and encephalomyocardi-
tis. In addition, only a minority (1 to 12%) of the
persistently infected cells give evidence of infec-
tion with VSV when tested by plating of infected
cells or by immunofluorescence. This evidence
is also compatible with a role for endogenous
interferon in the maintenance of persistence in
these cells.
The evidence, albeit indirect, that interferon

TABLE 4. Influence of anti-mouse interferon
antibody on virus yield and cell destruction in Lvsv

cell lines
Infectivity of culture fluid (PFU/ml)

from cells treated with:
Dura-
tion of Rabbit immunoglobulin

Lvsv cell line treat- Mm. a

ment Minmalments) essential Anti-
()medium Nornal mouse in-

terferon
402 (P-17, 70 3 1.1 x 104 1.6 x 104 3.0 x i05

days) (0)b (0) (++++)

312 (P-115, 3c 1.0 x 104 4.5 x 105
547 days) (±) (±)

6 5.3 x 104 1.8 x 106
(i (++++)

a At a 1:100 dilution.
b (0) = No cell damage visible; (±) = traces of cell damage;

(++++) = complete cell destruction.
c Cells split 1:2.

activity is present in Lvsv cell cultures suggested
the possibility that this inhibitory state could
exert pressure for the selection of ts mutants
during viral persistence (11). To test this possi-
bility, six times cloned wild-type VSV was seri-
ally passed at low MOI in L cells which had been
pretreated for 20 h with L-cell interferon induced
by Newcastle disease virus infection (18). Six
serial passages were made of virus harvested
from interferon-treated cultures which displayed
a yield reduction of 10-2 to 1O-4 compared to
yields in untreated L cells. Six parallel serial
passages of the wild-type VSV were made in L
cells treated with medium alone. After the sixth
serial passage, the 39.5°C/33°C plating effi-
ciency of the virus harvested from interferon-
treated or control cell cultures was not different
from the plating efficiency of the wild-type virus
inoculum. To check more thoroughly for the
presence of ts mutants in the various popula-
tions, the inoculum and the viruses recovered
from six serial passages in either interferon or
medium were cloned, and each clone was
screened by the well-tray method for ts pheno-
type. It can be noted in Table 5 that six serial
passages at low MOI in L cells pretreated with
interferon did not increase the frequency of ts
virus above that spontaneously present in the
wild-type inoculum.

DISCUSSION
The data presented demonstrate that, when

persistent infections are initiated in L cells with
RNA' VSV mutants representing complemen-
tation groups III and V, the viruses which evolve
are quite different from the parental virus. While
there is a long-term maintenance of the ts
marker, a selection of viruses with RNA- phe-
notype occurs. These findings suggest that the
ts phenotype itself is not sufficient to stabilize
the virus population in this persistent infection.
If it were sufficient, then the infections initiated
with ts RNA' mutants would have continued to
produce virus with ts RNA' phenotypes. In-
stead, in L cells persistently infected with VSV

TABLE 5. Serial passage of wild-type VSV in L
cells pretreated with interferon: influence on

frequency of ts mutants in the virus population
Wild-type VSV passage his- Clones Clones ts Percent

tory picked ts

Inoculuma 19 1 5.2
Passed six times in medium 20 0 0.0
Passed six times in medium 40 1 2.5
+ interferon'
aAmplified pool of sixth clonal passage.
'Yield reduction at each passage 1.8 x 10-2 to 7.6

x 10-4.
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there seems to be a strong selective advantage
for RNA- viruses. This selection was first noted
in our earlier experiments in which persistent
infection of L cells was established with wild-
type VSV in the presence of large numbers of
DI particles (16). In this instance there was a
rapid selection of ts RNA- viruses which re-
placed the wild-type parent (ts+ RNA') used to
initiate the carrier culture. The ts RNA- virus
clones isolated from persistent infections initi-
ated with wild-type virus belonged to VSV com-
plementation group I; the defect in this comple-
mentation group is in the L protein, the virion-
associated transcriptase. To date we have not
been able to analyze by complementation the
RNA- mutants from persistent infections initi-
ated with ts RNA' viruses. In addition to a high
degree of leakiness when these mutants are used
at the high multiplicities required for comple-
mentation analyses, the RNA- clones appear to
have multiple mutations. Continued efforts are
being made to utilize other techniques to identify
the nature of the RNA- defect in these clones,
e.g., complementation techniques which utilize
low MOI and direct analysis of the ts defect in
RNA synthesis (transcription versus replication
of RNA).
The lack of selective advantage of a "late"

defect in a structural protein is illustrated by the
results obtained in the case of persistent infec-
tion established with ts 0 45, a group V mutant.
In addition to reduced virus yields at the non-
permissive temperature (39.5°C), this RNA'
mutant has an additional phenotypic marker:
the virion G protein is defective and renders the
virus infectivity heat labile at 50°C. Comparison
was made of the heat stability of ts clones iso-
lated from the persistent infection, of the ts 0 45
parental virus, and of wild-type VSV. This anal-
ysis revealed that the heat lability due to a
defective G protein was lost rather soon after
the establishment of the carrier infection. The
ts hl RNA' parental ts 0 45 inoculum evolved
into a virus population that was ts hr RNA-. On
the basis of this finding, it appears that a defect
in the G protein provides no selective advantage
during persistence in L cells, in contrast to the
RNA- phenotype, which does. However, we
have not yet tested the heat resistance of ts+
revertants of parental ts 0 45 to determine
whether conversion from hl to hr always coin-
cides with loss of the G protein defect.

Consideration must be given to the question:
why does the RNA- phenotype confer a selective
advantage to the virus which evolves in the
persistent infection? We pointed out earlier (16)
that the ts RNA- clones recovered from Lvsv
cells replicate significantly less efficiently at

37°C than they do at 32 or 33°C. Furthermore,
we suggested that the maintenance of the carrier
state may depend on the decreased efficiency of
replication of ts RNA- virus in L cells at 37°C.
The replication of ts RNA- virus at this temper-
ature is leaky, and this may lead to an altered
virus-host interaction. Virus with the RNA-
phenotype would transcribe less RNA at 37°C
and thereby reduce the amount of translation of
virion proteins which are responsible for shut-
off of host macromolecular synthesis. As a con-
sequence, there would be a reduction at 37°C of
the cytopathic effects of virus infection, allowing
persistently infected cells to survive.
Another question to be considered is the origin

of the ts RNA- VSV mutants which appear in
persistent infections initiated with wild-type
VSV plus DI particles (16) or with ts RNA'
mutants belonging to complementation groups
III and V. Clonal analysis of wild-type VSV (16)
and group III and V ts RNA' mutant popula-
tions used to initiate persistent infections in L
cells revealed the presence of RNA- viruses at
a frequency ranging from 3 to 6%. It is possible
that the ts RNA- viruses which eventually pre-
dominate in the persistent infection are selected
from those present in the original parental pop-
ulation. Since about 80% of spontaneous ts mu-
tants ofVSV map in group I (3), it is also possible
that the occasional ts mutants which arise spon-
taneously during virus replication are amplified
during subsequent growth cycles as a result of
their reduced cytopathogenicity and, therefore,
greater selective advantage. Studies are in prog-
ress to determine whether the early RNA- mu-
tation is in addition to, and masks, the original
RNA' defect, or whether completely "new" mu-
tants are selected.
Our investigations of a number ofmechanisms

that may operate in the maintenance of persist-
ent VSV infections of L cells revealed that the
production of endogenous interferon may play a
role. Treatment of persistently infected cells
with rabbit anti-mouse interferon immunoglobu-
lin G caused a significant increase in both virus
production and cell destruction. From indirect
evidence we concluded that this endogenous in-
terferon production did not exert pressure for
the selection of ts mutants. Despite the apparent
presence of endogenous interferon in persist-
ently infected L cells, there are still some unre-
solved questions this observation raises. If inter-
feron is mediating the persistently infected state,
why do the cells maintained at 37°C show high
virus yields and undergo cell destruction when
shifted down to 32 or 33°C (10, 16)? Why is it
impossible to establish prolonged VSV infec-
tions in L cells pretreated with interferon at
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370C and then infected and shifted down to 320C
(11)?

In addition to the studies summarized above,
Sekellick and Marcus (13) have proposed that
activation of the interferon system by the [±]
RNA class of DI particles may provide the
means by which persistently infected cells sur-
vive in the presence of otherwise lethal virus.
However, it is difficult to invoke the interferon
mechanism in the case of cell lines which are
defective IF producers. Despite this deficiency,
these cell lines (Vero or BHK-21) have been
persistently infected with a variety of viruses
(14, 15, 17). It seems likely that a multiplicity of
factors acting in concert or individually may be
responsible for the establishment and mainte-
nance of persistent infections with a variety of
viruses in different cell lines.
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