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ABSTRACT Vesicular stomatitis virus (VSV) and enceph-
alomyocarditis virus (EMCV) multiply in only a small percent-
age of peritoneal macrophages freshly explanted from 4- to 6-
week-old male or female DBA/2, BALB/c, C3H, C57BL/6, or
Swiss mice. However, when these mice were injected intraperi-
toneally with potent sheep (or goat) anti-mouse interferon a/P
globulin 4 days prior to harvesting peritoneal macrophages,
the viruses multiplied to high titers and most of the cells were
infected, as determined by total virus yield (VSV and EMCV),
percentage of VSV antigen-positive cells (immunofluores-
cence), and determination of VSV infectious centers. This ef-
fect was not observed when mice were inoculated with other
sheep hyperimmune or normal serum globulins. Anti-interfer-
on globulin appeared to act in vivo because incubation of this
globulin with peritoneal macrophages during the period of cell
attachment or during the 18 hr after virus absorption did not
render these cells permissive for VSV. Injection of mice with
anti-interferon globulin did not affect the binding and uptake
of labeled VSV by peritoneal macrophages. Although the un-
derlying mechanism of this phenomenon is unknown, the re-
sults suggest that there may be low levels of endogenous inter-
feron that contribute to host defense by maintaining some cells
in an antiviral state.

Macrophages are considered an important component in
host defense against viral infections (1-5). Several animal vi-
ruses do not multiply in macrophages when these cells are
first placed in culture (refs. 6-10; J. Brucher, I. Domke,
C. H. Schroder, and H. Kirchner, personal communication),
suggesting that macrophages may limit viral dissemination in
vivo by restricting viral multiplication. Injection of silica,
which is toxic for macrophages (11-13), markedly enhanced
several virus infections in mice (14-17). Several factors that
affect the resistance or susceptibility of an animal to a given
virus [age of the host (18-21), virulence of the strain of virus
(22), strain of the mouse (23-31)] have been correlated with
the resistance or susceptibility of host macrophages to the
given virus. The finding that inoculation of "resistant
strains" of mice with anti-interferon globulin rendered them
susceptible to virus infection (32, 33) suggested that in some
instances resistance was due in part to interferon. Thus,
A2G mice were resistant to influenza virus infection and this
virus did not multiply in their peritoneal macrophages (33).
However, influenza A virus did multiply to high titers in
A2G mice inoculated with anti-mouse interferon globulin,
and it also multiplied in the peritoneal macrophages taken
from these mice (33). We show herein that vesicular stomati-
tis virus (VSV) and encephalomyocarditis virus (EMCV) do
not multiply in vitro in the peritoneal macrophages from dif-
ferent strains of young mice but will multiply in these cells
taken from mice previously injected with anti-interferon

globulin. These results suggest the possibility that endoge-
nous interferon is present under some physiologic conditions
and maintains some cells (peritoneal macrophages) in an
antiviral state.

MATERIALS AND METHODS

Animals. Four to 6-week-old male and female DBA/2,
BALB/c, C3H, C57BL/6, and Swiss mice were obtained
from a pathogen-free colony at the Institut de Recherches
Scientifiques sur le Cancer (Villejuif, France) and from the
Comitato Nazionale Energia Nucleare (Casaccia, Italy).
Hyperimmune and Normal Serum Globulins. All sera were

treated to remove complement and were extensively ab-
sorbed on murine cells (34). The immunoglobulin fractions
were separated by precipitation with ammonium sulfate
(protein content varied between 20 and 33 mg/ml) and
shown to be devoid of any cytotoxicity (34). The anti-mouse
interferon a/8 globulins did not neutralize interferon y. A
sheep was immunized against the contaminating proteins in
the partially purified interferon preparations. This serum
globulin is referred to as "anti-impurities" (34).
The source and activities of the different immunoglobulin

preparations are shown in Table 1.
Seeding of Peritoneal Macrophages in Culture Dishes. Mice

were injected intraperitoneally (i.p.) with various globulins
or test substances. At times thereafter, mice were killed and
the peritoneal cavity was washed with 2.5 ml of nutrient me-
dium (RPMI 1640 medium containing 10% fetal calf serum).
Peritoneal cells from each mouse were seeded in 2 wells of a
24-well plastic plate (Nunc), each well containing approxi-
mately 0.5 x 10 cells in 1 ml. Cells were allowed to fix to the
plastic culture dish at 370C for 31/2 hr, and nonadherent cells
were discarded. Approximately 5 x 104 cells remained firm-
ly adherent in each well after several washings. There was
no significant difference in the number of cells recovered
from the peritoneal cavities of mice injected with the differ-
ent hyperimmune or normal serum globulins or in the num-
ber of cells adherent to the culture wells.
The experiments to be described were undertaken only

with peritoneal cells firmly adherent to the culture wells after
vigorous washing. The cells could be detached by trypsin
only with some difficulty. Over 95% of the cells were stained
for nonspecific esterase by using techniques previously de-
scribed (36) and were positive in immunofluorescence stud-
ies using a rat monoclonal antibody (F4/80) specific for
mouse macrophages (provided by S. Gordon and A. B.
Ezekowitz). By electron microscopy these cells had a mor-
phology characteristic of peritoneal macrophages.

Viruses. The origin, methods of preparation, and assay of
VSV (Indiana strain) and EMCV have been described (37).

Abbreviations: VSV, vesicular stomatitis virus; EMCV, encephalo-
myocarditis virus; i.p., intraperitoneally.
tTo whom reprint requests should be addressed.
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Table 1. Sources and activities of immunoglobulins
Neutralizing

Description Source* titert Reference

Anti-mouse interferon
globulin
Sheep no. 1-7 IRSC 1.6 x 10-6 34
Sheep no. SA IRSC 2.5 x 10-5 34
Sheep (NIH) NIH 1.6 x 10-5 Catalog no.

G-024-
501-568

Goat DM E. De Maeyer 6.4 x 10-4 35
Control hyperimmune

globulins
Sheep no. 11 anti-

impurities IRSC <1 x 10-1 34
Sheep no. 4 par-

tially immu-
nized with
mouse interfer-
on IRSC 2.5 x 10-1 34

Normal serum globu-
lins

Sheep no. 2 IRSC <1 x 10-1 34
Sheep (NIH) NIH <1 x 10-1 Catalog no.

G-025-
501-568

Goat E. De Maeyer <1 x 10-1 35

*IRSC, Institut de Recherches Scientifiques sur le Cancer (Villejuif,
France); NIH, Research Resource Branch of the National Insti-
tutes of Health (Bethesda, MD); E. De Maeyer is at the Institut
Curie (Orsay, France).

tTiter measured in a test against 4-8 units of mouse a/,8 interferon.

Determination of Viral Multiplication in Peritoneal Macro-
phages: Virus Yield. In each well, 0.2 ml of a viral dilution
was added to peritoneal macrophages. Because similar re-
sults were observed over a wide range of multiplicity of VSV
infection of peritoneal macrophages, we used a multiplicity
of infection of approximately 2 in most experiments. After 1
hr of incubation at 37TC the cell sheet was washed thorough-
ly, and 1 ml of nutrient medium containing 10% fetal calf
serum was added. After incubation for 18 hr at 37TC in a 5%
C02/air incubator, the cells were frozen and thawed three
times, the cell extract was centrifuged, and the supernatant
was titered on a monolayer of L 929 cells.

In a few experiments peritoneal macrophages were infect-
ed in vivo. Mice were injected i.p. with 106 tissue culture
infectious dose (TCID50) of VSV. One hour later the perito-
neal cells from individual mice were harvested and placed in
culture. After 3 hr, the nonadherent cells were discarded and
after several washings the adherent macrophages were left
for an additional 17 hr at 370C, at which time total virus yield
was determined.

Immunofluorescence. Hyperimmune rabbit anti-VSV se-

rum (a gift of G. B. Rossi, Istituto Superiore di Sanita,
Rome) was preabsorbed three times at 4°C for 1 hr with 1.8
x lo, peritoneal cells from DBA/2 mice. Peritoneal macro-
phages seeded on glass slides were infected with VSV at a
multiplicity of infection of 1. After 1 hr at 37°C the cells were
thoroughly washed and incubated with 100 ,ul of a suitable
dilution of anti-VSV serum. After 30 min at 4°C, the cells
were washed and incubated with 100 ,l of fluorescein iso-
thiocyanate-conjugated goat anti-rabbit immunoglobulin
(Nordic, Tilburg, Netherlands). After 30 min at 0°C, the cells
were washed and 500 cells were examined to determine the
percentage of fluorescent cells.

Infectious Centers. Peritoneal macrophages were infected
with VSV at a multiplicity of infection of 10. After incuba-
tion for 1 hr, virus was removed, the cell sheet was washed,
and anti-VSV serum was added to the nutrient medium for
20 min at 37°C and 10 min at 4°C. The medium was removed,
the cell sheet was washed and treated with trypsin, and 100
,ul of a suspension containing different numbers of infected
cells (102 to 105) was added to confluent monolayers of L
cells in 35-mm Petri dishes (Falcon) (two dishes per dilu-
tion). The techniques of plaque formation in 1% Bacto agar
have been described (38).

Preparation of 35S-Labeled VSV. Confluent monolayers of
L cells in roller bottles were maintained for 3 hr in methio-
nine-free medium containing 0.5% dialyzed fetal calf serum.
The cells were infected with VSV at a multiplicity of infec-
tion of 0.3. After 2 hr at 37°C, the virus was removed and
medium containing [35S]methionine (1,275 Ci/mmol, Amer-
sham; 1 Ci = 37 GBq) at 37 ,Ci/ml was added. After 18 hr,
total virus yield was collected and purified by sucrose gradi-
ent centrifugation as previously described for Sindbis virus
(39). The virus titer after purification was 1.4 x 107 plaque-
forming units/ml (1.3 x 107 cpm/ml). By polyacrylamide gel
electrophoresis and fluorography, only viral proteins were
detected in this preparation.

Statistical Analyses. All data were analyzed by Student's t
test.

RESULTS
Effect of Injection of Mice with Anti-Interferon Globulin on

the Multiplication of VSV and EMCV in Peritoneal Macro-
phages. Four- to 6-week-old male or female DBA/2 mice
were inoculated i.p. with sheep anti-interferon globulin.
Four days later, peritoneal cells were harvested and infected
with VSV or EMCV. As can be seen from the results of three
representative experiments (Table 2), minimal multiplication
occurred in the peritoneal cells from untreated mice or mice
treated with anti-impurities globulin. In contrast, a 100-fold
or greater increase in virus yield was observed in peritoneal
macrophages taken from mice that had been injected with
anti-interferon globulin.

In accord with these results, only a small percentage (1.4-
6%) of peritoneal macrophages from control mice were posi-
tive for VSV antigen at 12 hr, whereas most (75-81%) of the

Table 2. Effect of inoculation of mice with anti-mouse interferon globulin on the multiplication of VSV and EMCV in peritoneal
macrophages in vitro

Mean virus yield/0.2 ml, log1o
Exp. 1 Exp. 2 Exp. 3

Globulin treatment VSV EMC VSV VSV
None 1.7 ±0.1N 2.4±0.2 NS1.1 ±0.1, 2.5 ± 0.2N
Sheep anti-impurities 1.7 ± 0.1 JS 2.8 ± 0.3 NS 1.3 ± 0.2 NS NS
Sheep no. 2 normal NT t NT 1.6 ± 0.3 t NT
Sheep anti-mouse interferon 4.3 ± 0.3 4.9 ± 0.7 4.1 ± 0.4 4.3 ± 0.2

Five- to 6-week-old male or female DBA/2 mice were injected i.p. with 0.2 ml of sheep no. 1-7 anti-mouse interferon globulin or anti-
impurities globulin or normal sheep no. 2 globulin (diluted 1:10) 4 days before peritoneal cells were harvested. Virus yield per 0.2 ml was
determined 18 hr after injection of peritoneal macrophages in vitro. Results are given ±SEM. There were four mice per group in exps. 1 and 3
and five mice per group in exp. 2. NT, not tested; NS, not significant; *, P < 0.01; t, P < 0.001.
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Table 3. Effect of inoculation of DBA/2 mice with anti-mouse interferon globulin on the multiplication of VSV in peritoneal macrophages
as determined by immunofluorescence and by the number of infectious centers

Fluorescence-positive cells after Infectious centers
infection,* % No. positive cells/ Positive

Globulin treatment Mouse no. 3 hr 6 hr 12 hr total no. cells plated cells, %
None 1 1.2 0.5 1.4 2/105 0.002

2 0.5 0.5 3.0 4/105 0.004
3 3.0 2.1 6.0 1.5/104 0.015

Anti-impurities 1 0.5 2.5 5.0 2/105 0.002
2 4.0 5.0 3.5 2.5/105 0.0025

1.5/104 0.015

Anti-mouse interferon 1 7.5 27.4 81.0 9/102 9.0
2 9.4 14.5 75.5 12.5/102 12.5
3 10.1 38.1 79.0 19.0/102 19.0

*Six-week-old female DBA/2 mice were injected i.p. with 0.2 ml of a 1:10 dilution of either sheep anti-impurities globulin or sheep no. 1-7 anti-
interferon globulin 4 days before peritoneal cells were harvested. Cells were seeded at 370C for 4 hr in nutrient medium containing 10%o fetal
calf serum, washed twice with medium, and infected with VSV. VSV antigen expression was determined by indirect immunofluorescence
techniques. Peritoneal cells were harvested from individual mice at the indicated times after infection and seeded on six slides (per mouse).
Two slides were examined at each of the times. The numbers are the average of the two slides.

cells from anti-interferon globulin-treated mice were positive
at this time (Table 3). Likewise, there was approximately a

1,000-fold difference between the number of infected cells
taken from control mice and mice injected with anti-interfer-
on globulin as determined by the infectious centers assay
(Table 3).

Permissiveness of Peritoneal Macrophages for VSV Is In-
duced by Different Anti-Mouse Interferon Globulins but Not
by Other Hyperimmune or Normal Serum Globulins. The re-

sults presented in Table 4 show that injection of anti-mouse
interferon globulins from three sheep and one goat (from
three laboratories) all rendered peritoneal macrophages per-
missive for VSV, whereas two hyperimmune globulins hav-
ing slight or no anti-mouse interferon activity and two other
normal serum globulins were ineffective.
We also undertook experiments in which mice in different

groups were injected with thioglycolate, normal rabbit se-
rum, rabbit anti-bovine serum albumin serum, rabbit anti-
goat IgG serum, another normal sheep (no. 16) globulin, and
sheep anti-human immunoglobulin. None of these rendered
peritoneal macrophages permissive for VSV (data not
shown). As a positive control, a group of mice was injected
with sheep anti-mouse interferon globulin in each experi-
ment.

Strain and Age of Mice. In addition to DBA/2 mice, injec-
tion of 4- to 6-week-old BALB/c, C3H, C57BL/6, and Swiss
mice with anti-interferon globulin also abrogated the state of
nonpermissiveness of peritoneal cells for VSV (data not
shown). A similar effect was also observed in 5-week-old
athymic nude C3H mice.

In the experiments described, we have used 4- to 6-week-
old mice. In two experiments, we compared the response of
peritoneal macrophages from 3-week-old and 5-month-old
control and anti-interferon globulin-injected DBA/2 mice
and 2- and 10-month-old C57BL/6 mice. VSV multiplication
was significantly more pronounced in the peritoneal macro-

phages from older control mice than in the macrophages
from younger control mice but was still further increased 12-
to 100-fold by injection of mice with anti-interferon globulin
(data not shown).

Kinetics of the Effect of Inoculation of Mice with Anti-
Mouse Interferon Globulin on the Multiplication of VSV in
Peritoneal Macrophages. The results of the experiments pre-
sented in Table 5 illustrate several points. Anti-interferon
globulin rendered peritoneal macrophages permissive when
injected 4 days (or 8 days; data not shown) prior to harvest-
ing peritoneal cells. It was still effective when injected at
-24 hr, albeit less effective than at -4 days. Anti-interferon

globulin was ineffective when injected 1 hr prior to harvest-
ing peritoneal cells or when added to the nutrient medium
either during the period of peritoneal cell attachment or dur-
ing the period of viral multiplication.

Effect of Inoculation of Different Amounts of Anti-Mouse
Interferon Globulin on the Multiplication ofVSV in Peritoneal
Macrophages. Inoculation of mice with a 1:10 or a 1:100 dilu-
tion of sheep no. 1-7 anti-interferon globulin (1.6 x 105 and
1.6 x 104 neutralizing units, respectively) exerted an effect,
whereas no difference was observed when smaller amounts
of globulin were injected.

Table 4. Effect of inoculation of DBA/2 mice with various anti-
mouse interferon, control hyperimmune, and normal serum
globulins on the multiplication of VSV in peritoneal
macrophages

Mean VSV yield/0.2 ml, loglo
Globulin treatment Exp. 1 Exp. 2 Exp. 3 Exp. 4

None 2.3 ± 0.3 1.8 ± 0.2 0. 7 1.9 ± 0.1
Anti-mouse interferon
Sheep 1-7 4.5 ± 0.2 4.0 ± 0.2 4.4 ± 0.1 4.3 ± 0.4
Sheep 5A 4.5 ± 0.1
Sheep NIH 4.6 ± 0.2
Goat DM 4.0 ± 0.6

Control hyperimmune
Sheep anti-mouse 2.1 ± 0.3

impurities
Sheep anti-mouse 1.8 ± 0.2

interferon (par-
tially immunized)

Normal serum
Sheep NIH 0.8 ± 0.2
Goat 1.7 ± 0.1

Four- to 6-week-old male and female DBA/2 mice were injected
i.p. with different globulin preparations 4 days before peritoneal
cells were harvested. Virus yield per 0.2 ml was determined 18 hr
after infection of peritoneal macrophages in vitro. There were five
mice per group in each experiment. Results are given ±SEM. In
exps. 1 and 2, mice were injected with immune globulins diluted
1:10. In exp. 3, the globulins of sheep 1-7 and sheep NIH were dilut-
ed 1:10 and 1:5, respectively. In exp. 4, the globulins of sheep 1-7
and goat DM were diluted 1:100 and 1:4, respectively. The differ-
ence between the mean VSV yield from peritoneal macrophages
from mice injected with anti-interferon globulin and the virus yield
from peritoneal macrophages from mice injected with control globu-
lins was highly significant (P < 0.001). The significant values have
been italicized.

Proc. Nad Acad Sci. USA 81 (1984)
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Table 5. Kinetics of the effect of inoculation of anti-mouse interferon globulin in DBA/2 and C57BL/6 mice on the multiplication of VSV
in peritoneal macrophages

Time of injection of anti-mouse Virus yield/0.2 ml, loglo
interferon globulin Exp. 1 (DBA/2) Exp. 2 (DBA/2) Exp. 3 (C57BL/6)

-4 days 4.2 ± 0.5 5.1 ± 0.4 3.7 ± 0.31} *

-1 day NT NT 2.3+0-4
-1 hr 2.2 ± 0.1 t 2.2 ± 0.2 t 1.2 ± 0.2J
In vitro treatment during cell attachment 2.5 ± 0.1 NT NT
In vitro treatment after VSV infection NT NS 2.4 ± 0.2 NS NT
No treatment 2.0 ± 0.2 2.2 ± 0.2 0.7 ± 0.3

Eight-week-old male DBA/2 or C57BL/6 mice were inoculated i.p. with 0.2 ml of sheep no. 1-7 anti-interferon globulin diluted 1:10. VSV
yield per 0.2 ml was determined 18 hr after infection of peritoneal macrophages in vitro. Results are given ±SEM. For in vitro exposure of
macrophages to anti-interferon globulin (sheep 1-7), the antiserum was diluted 1:100. There were four mice per group in exps. 1 and 2 and five
mice per group in exp. 3. NT, not tested; NS, not significant; *, P < 0.05; t, P < 0.01; t, P < 0.001.

Injection of Mice with Anti-Interferon Globulin Does Not
Affect the Binding of Labeled VSV to Peritoneal Macrophages
in Vitro. The experiments described above showed that in-
jection of young DBA/2 mice with anti-interferon globulin
rendered peritoneal macrophages permissive for VSV. The
results of the experiment illustrated in Table 6 show that the
increased yield of VSV from peritoneal macrophages from
mice injected with anti-interferon globulin (compared to con-
trol mice) was not due to differences in virus absorption, be-
cause the binding and uptake of labeled VSV by peritoneal
macrophages was similar for the different groups. Similar re-
sults were obtained with macrophages from 5-week-old male
C57BL/6 mice.

Anti-Interferon Globulin Also Renders Peritoneal Macro-
phages Permissive for VSV When Infection Occurs in Vivo. In
all the experiments described above, peritoneal macro-
phages were first placed in culture and then infected with
virus. It was of interest to determine the effect of injection of
anti-interferon globulin on the multiplication of VSV in peri-
toneal macrophages infected in vivo. Accordingly, 5-week-
old male DBA/2 mice were injected i.p. with a 1:10 dilution
of either sheep 1-7 anti-interferon globulin or normal serum
globulin. Four days later mice were injected i.p. with 106
TCID50 of VSV. When the peritoneal macrophages were
placed in culture, it was clear that VSV multiplied poorly in
macrophages from mice preinjected with normal serum glob-
ulin (log10 TCID50 = 1.8 + 0.4), whereas the virus did multi-
ply in macrophages from mice injected with anti-interferon
globulin (log10 TCID50 = 3.3 ± 0.6).

DISCUSSION
In the experiments described above, peritoneal cells from 4-
to 6-week-old mice of different strains were placed in culture
and the adherent esterase-positive cells (macrophages) were
infected with VSV (most of the experiments) or EMCV.
These viruses multiplied in only a few of these cells. In con-
trast, injection of mice with potent sheep or goat anti-mouse

interferon a/l3 globulin abrogated this state of nonpermis-
siveness, and the virus yield was 100- to 1,000-fold greater
from macrophages from these mice than from mice injected
with other hyperimmune or normal serum globulins. Similar
results were obtained when peritoneal macrophages were in-
fected in vivo, prior to being harvested. The results indicated
that anti-mouse interferon globulin acted in vivo: (i) injection
of mice with anti-interferon globulin 8 and 4 days prior to
harvesting peritoneal cells was more effective than injection
of mice with anti-interferon globulin 1 day before harvesting
these cells; (ii) injection of mice with antibody 1 hr prior to
harvesting macrophages or addition of anti-interferon globu-
lin to macrophages in vitro did not render them permissive
for VSV.
Only potent anti-mouse interferon globulins (prepared

from four animals in three laboratories) and none of the other
hyperimmune or normal serum globulins exerted this effect.
How do the anti-interferon globulins render peritoneal mac-
rophages permissive for VSV? It is clear that they do not
alter the binding or uptake of radiolabeled VSV to peritoneal
macrophages (Table 6). The simplest explanation would be
that there are low levels of endogenous interferon in the peri-
toneum of young mice and that this interferon induces an
antiviral state in some cells (i.e., peritoneal macrophages).
Anti-interferon globulin would presumably neutralize this
endogenous interferon. However, we have been unable to
demonstrate any biologically active interferon in the perito-
neal cavity, serum, or various tissues of young or old mice
by using sensitive cell assay systems (40). There are, in fact,
very few reports of the recovery of biologically active inter-
feron in normal human or animal tissues. Cantell and Pyhala
(41) reported that sera from normal rabbits and especially
pregnant rabbits exhibited anti-VSV activity in their routine
assays for human interferon, but the inhibitory substance
was not characterized. V. Bocci, M. Muscettola, L. Paulesu,
and G. Grasso have recovered small amounts of an acid-la-
bile interferon from the lymph of healthy rabbits (personal

Table 6. Lack of correlation between the binding and uptake of "S-labeled VSV and virus yield in peritoneal macrophages from mice
injected with anti-interferon globulin

"'S-labeled VSV "5S-labeled VSV
Globulin treatment No. of mice bound,* cpm internalized,t cpm VSV yield,t loglo

None 5 3856 ± 158) 460 ± 441 2.1 ± 0.2
Anti-impurities 4 4497 ± 255 NS 471 ± 69 NS 2.5 ± 0.2 JNS
Anti-mouse interferon 5 4003 ± 325 460 ± 29 4.1 ± 0.1 P < 0.001

Seven-week-old DBA/2 mice were injected i.p. with 0.2 ml of a 1:10 dilution of either sheep anti-impurities globulin or sheep 1-7 anti-
interferon globulin 4 days before peritoneal cells were harvested. Peritoneal cells were seeded and infected with 2.8 x 104 plaque-forming units
per well of "5S-labeled VSV (27,136 cpm). Results are given as mean ± SEM. NS, not significant.
*After 1 hr at 370C cells were washed three times with phosphate-buffered saline, solubilized in 150 gl of 1% sodium dodecyl sulfate, and added
to 10 ml of scintillation liquid (Lumagel from Lumac). There were two wells for cells from each mouse.
tAfter 1 hr at 370C, cells were washed twice with phosphate-buffered saline, treated with trypsin (1 mg/ml) and EDTA (1 mM), transferred to
plastic tubes, and centrifuged. Cells were further washed with phosphate-buffered saline and pellets were solubilized in 150 "I of 1% sodium
dodecyl sulfate and added to 10 ml of scintillation liquid.
tVirus yield per 0.2 ml was determined 18 hr after infection of peritoneal macrophages in vitro.

Medical Sciences: Belardelli et aL
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communication). Lebon et al. (42) reported finding low lev-
els of interferon in the amniotic fluid of 39 out of 40 pregnant
women. Normal rabbit peritoneal macrophages (43) and hu-
man leukocytes (44) liberate an interferon-like substance af-
ter several hours in culture. It is possible, therefore, that bio-
logically active interferon is present in very small amounts or
that it is present in some combined form not detectable by
our techniques.
One other possibility should be considered: i.e., that injec-

tion of anti-interferon globulin selected in some manner a
macrophage population permissive for VSV. There was,
however, no difference in the number of peritoneal cells re-
covered from mice in the different groups, in the number of
cells adherent to the culture dishes, or in the percentage of
esterase-positive cells.
Our previous work showed that injection of mice with

antibody to interferon a/13 markedly enhanced the severity
of several virus infections (32-34, 45). The experimental re-
sults also showed that anti-interferon globulin neutralized
the interferon produced shortly after viral infection, permit-
ting viral multiplication to ensue unchecked in various or-
gans. Large amounts of interferon were produced subse-
quently, but this interferon no longer appeared to benefit the
host. It was thus the early production of interferon that ap-
peared to be an important factor in determining the outcome
of virus infection, a conclusion which has been supported by
the recent work of Kirchner and co-workers (46, 47). We and
others have stressed, therefore, the importance of interferon
as an integral part of the host response to viral infection. The
results presented herein suggest that low levels of endoge-
nous interferon may also be present in mice prior to viral
infection. This endogenous interferon would induce a consti-
tutive antiviral state in some host cells (i.e., peritoneal mac-
rophages in our experiments).
We postulate that, in some instances, the capacity of mac-

rophages to restrict viral multiplication (see Introduction) is
not necessarily an inherent property of these cells, as is usu-
ally thought, but stems from their interaction in the animal
with an extrinsic factor-namely, interferon. Because these
cells take up viruses but do not permit their multiplication,
they would indeed serve as an efficient barrier to dissemina-
tion of virus in the organism. Last, in addition to its antiviral
action, interferon can modulate cell function and division
(48). It seems possible, therefore, that endogenous interfer-
on may, in addition to inducing an antiviral state, also exhibit
more general effects on normal cell physiology.
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