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A variety of RNA- and DNA-containing 
viruses induce interferon production in dif- 
ferent animal species. Among these are myxo- 
viruses ( 1 ), pox viruses (2),  picornaviruses (3),  
arboviruses (4), papovaviruses (5)  , herpes vi- 
ruses ( 6) ,  and adenoviruses ( 7 ) .  Several non- 
viral interferon inducers have also been dis- 
covered, including bacteria( 8) ,  rickettsia( 9 ) ,  
Trachoma-inclusion conjunctivitis agents ( l o ) ,  
pleuropneumonia-like organisms ( 1 1 ) , bacte- 
rial endotoxin( 12,13), fungal products (Stat- 
olon( 14) and Helenine( 15)),  phytohemag- 
glutinin ( 16), and cyclohexamide ( 1 7 ) .  

Toxoplasma gondii is an obligate intracel- 
lular protozoan parasite which infects most 
mammaIi cells except for the non-nucleated 
red blood cells ( 18). In many species includ- 
ing man, it can produce either congenital or 
acquired infection. These studies were under- 
taken to determine whether this agent is cap- 
able of inducing antiviral protection. 

Materials and methods. Toxoplasma gondii. 
Toxoplasma, Sabin strain, (RH) were pas- 
saged in 20 to 25 g Swiss-Webster mice by 
intraperitoneal (IP) injection of 4 x loc 
organisms (0.2 ml). At 3 days mice were 
tapped for peritoneal fluid (PF), and an 
inoculum of 4 x loG organisms was in- 
jected into a new series of mice (45 g retired 
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breeders) from which the PF for these ex- 
periments was obtained. On occasion, the 
PF was filtered through a Baird-Tatlock fil- 
ter( 19) to eliminate the white blood cells. 
By 5 days these RH-infected mice were usu- 
ally dead. The PF was centrifuged at  3500 
rpm for 30 minutes, and the supernatant col- 
lected for assay of antiviral activity. Serum 
was collected by bleeding from the axilla. 
Both PF supernatant and sera were centri- 
fuged at  70,000 X g for one hour before 
further study to remove toxoplasma. 

An avirulent strain of Toxoplasma gondii 
(ME-49) was also used for mouse (20-25 g) 
inoculation. Some mice chronically infected 
with this strain have remained alive up to 
a year. Cysts for use in these experiments 
were obtained from mouse brain which had 
been ground and diluted to a concentration 
of approximately 10 cysts/O.2 ml. 

Tissue cuZture. A Spinner-adapted inter- 
feron-sensitive line of cells obtained from 
Dr. J. Younger of the University of Pitts- 
burgh was grown in Eagle’s Minimum Essen- 
tial Medium (ME1LI) (20) supplemented with 
10% calf serum and penicillin, streptomycin, 
and mycostatin. A plaque reduction assay 
( 2 1 ) was used employing bovine vesicular 
stomatitis virus (VSV) ( 2 2 )  as challenge virus. 
Before VSV challenge all monolayers were 
rinsed with 4 ml of MEM. The titer of anti- 
viral activity was expressed as the reciprocal 
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TABLE I. Antiviral Activity Observed i n  Peri- 
toneal Fluid and Serum After Intraperitoneal In -  

jection of Toxoplasma gondii (RH). 

Units of antiviral material: 
H r  after injection Peritoneal fluid Serum 

24 N-S" 10  
28 29 24 
48 77 48 
72 59 50 
96 50 77 

120 34 N-8 
Uriinjected controls <3  <3 

~~~ ~ 

* Not studied. 

of the highest dilution of the material which 
reduced by 50% the number of virus plaques 
which developed as compared to control 
plates . 

After overnight contact of the PF with the 
cell monolayer, the formation o1f a fibrin clot 
over the monollayer was occasionally observed. 
Prior treatment of the PF with heparin in 
a concentration of 0.5 unit/ml prevented this 
and did not alter the antiviral properties of 
the PF. 

Mengo virus. Dr. H. Levy of the National 
Institutes of Health provided this agent which 
was passed in our laboratory in L cell mono- 
layers, and stored at  -70°C. In  all experi- 
ments the dosage inoculated was approxi- 
mately 2 X 10s pfu, as measured on L cell 
monolayers. This was found to be between 
one and two logs higher than the LDS0 of this 
strain of Mengo virus in our mice. 

To study the protective effect of avirulent 
toxoplasma against a pathogenic virus, mice 
were injected IP with 0.2 ml of a suspension 
containing toxoplasma brain cysts (strain 
ME-49), and challenged 48 hours later by 
IP injection of Mengo virus. The time to 
death was determined and compared to that 
of control animals injected IP with Mengo 
virus alone. In a later experiment, a group 
of mice was inoculated subcutaneously (SC) 
with 0.2 ml of ME-49 cysts. Control mice 
received normal mouse brain by the same 
route. Seven days later both experimental 
and control mice were challenged IP with 
2 x 10s pfu of Mengo virus. 

Results. Demonstration and characteriza- 
tion of an antiviral substance in tissue cul- 

ture. Table I presents the time of appear- 

ance of antiviral activity elicited by IP injec- 
tion of RH toxoplasma. The antiviral activ- 
ity of the P F  at 2 days after infectioa in 
several experiments varied between approxi- 
mately 70 and 300 units. 

Table I1 outlines the characteristics of the 
antiviral substance induced by IP injection 
of mice with T. gondii (RH).  Two day PF 
was used for this study with an activity of 
180 units. If the PF was aIIowed to remain 
in contact with L cell monolayers for only 
one hour instead of the usual 1 2  hours, no 
antiviral activity could be demonstrated. In 
addition, no diminution in plaque-forming 
ability of VSV was observed when the anti- 
viral material was incubated directly with 
VSV for one hour. The PF had the same 
amount of antiviral activity in a plaque-assay 
on L-cells performed with Mengo virus as 
the challenge. Finally, when the PF was 
assayed against VSV in both chick embryo 
fibroblasts and L cells, the titer of antiviral 
activity was 300 units in L cells as compared 
to less than 10 units in the heterologous 
chick cells. The level of the serum antiviral 
activity was somewhat lower and will be 
characterized in subsequent experiments. 

After demonstration of the production od 
an antiviral material induced by 7'. gondii 
in vivo, it was important to ascertain whether 
this was induced in response to the infecting 
parasites or to a contaminating virus in the 
preparations. Mice were inoculated with ap- 
proximately 4 X lo6 RH organisms (3 day 
PF). After 3 days the PF was collected and 

TABLE 11. Characterization of Toxoplasma g ~ n -  
dii-Induced Antiviral Material." 

Procedure Loss in activity 
~~~ ~ 

Trypsin 
Deoxyrihonuclease 
Rihonuelrase 
Dialysis 
Ultracentrifugation 
38°C 
56°C 
70°C 
Short contact with cells 
Acid treatment 

90% 
0 
0 

32 % 
0 
0 

73 % 
90% 
86% 

Marked below pH 4.0 
~-~ 

* PF was treated with enzymes a t  a concentra- 
tion of 0.5 nig/ml for one hour at 37°C. It was 
dialyzed for 20 hr at 4°C. It was ultracentrifuged 
at 100,000 X g for 2 hr. Heat or acid treatment 
was carried out for one hr. 
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FIG. 1-A SW mice were pre-injected IP with 0.2 ml Toxoplasma gondii (strain ME-49). TWO 
Controls 

SW mice pre-injected SC with 0.2 ml of T .  gondii (ME-49) or normal mouse brain. 

days later the mice received an IP challenge injection of Mengo virus (2 X lo8 pfu). 
received only Mengo virus. 

Seven days later they received an IP challenge injection of Mengo virus (2 X los pfu).  
FIG. l - B  

centrifuged at 4000 rpm for 1 hour. Mice 
were then injected IP with either precipitate 
containing parasites or supernatant fluid. 
After 72 hours the animals were bled, the 
PF cdlected and both sera and PF were as- 
sayed in tissue culture. The antiviral induc- 
ing activity was found in the infranatant; 
none was found in the supernatant. 

In vivo protection studies. A virulent strain 
ME-49 was used for mouse inoculation in 
experiments designed to demonstrate protec- 

tion afforded mice against challenge with viru- 
lent Mengo virus. Fig. 1 illustrates the degree 
of protection attained by prior inoculation 
of avirulent T .  gondii with either of two 
routes of inoculation. The control slopes in 
both Parts A and B of the Figure are similar. 
I n  the IP injection experiments (Fig. 1-A), 
the curve of the ME-49 injected group is dis- 
placed to the right by about 2 days, i.e., the 
mice are protected to some extent by the 
IP M-49 injection. 
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A more dramatic effect is evident in the 
SC injected group (Fig. 1-B). Only 50% of 
the experimental group died and, usually, 
deaths occurred later than in the control 
group. The survivors were alive 4 weeks later. 

Discussion. These studies indicate that 
Toxoplasma gondii can induce an antiviral 
substance in vivo that is active both in tissue 
culture against VSV and Mengo virus chal- 
lenge and in vivo against Mengo virus. A 
peak in antiviral activity of the PF was seen 
at  2 days, whereas the activity in serum ap- 
pears to peak somewhat later (4 days). I t  
would seem that some portion of the early 
serum antiviral activity represents material 
which has diffused into the circulation from 
the peritoneal cavity, as described by Gresser 
et aZ(23), in experiments with IP injected 
concentrated interferon. However, the anti- 
viral activity in the serum at  3 and 4 days 
after infection may come from extraperitoneal 
sites, as we have noted progressively increas- 
ing parasitemia and generalized infection prior 
to death od these mice. Subsequent to these 
investigations, it came to our attention that 
others (24) had independently observed simi- 
lar antiviral activity induced by T .  gondii in 
mouse serum. 

Characterization of the antiviral material 
in the PF has shown that ilt fulfills many of 
the criteria used to define interferon. It ap- 
pears to be a protein as its biologic activity 
is destroyed by treatment with trypsin. 
Neither treatment with DNAse or RNAse 
affected its antiviral activity, nor did ultra- 
centrifugation at  100,000 X g for 2 hours. 
However, the activity was markedly reduced 
by heating above 56°C. The antivirla mate- 
rial inhibited both VSV and Mengo virus 
replication in vitro to the same extent. Fur- 
thermore, no loss in virus titer was observed 
when virus was incubated directly with the 
PF-containing antiviral material. This con- 
firmed the lack of direct action of the material 
against virus, and clearly distinguished it 
from antibody. The antiviral action was spe- 
cies specific in tissue culture. One hour's in- 
cubation of the antiviral substance in con- 
tact with the monolayer did not provide suf- 
ficient time to protect the cells from subse- 
quent virus challenge. Thus the protection 

resulting from the toxoplasma-induced anti- 
viral material is mediated through prolonged 
contact with the cells, and is similar to virus 
induced interferon in this respect. 

Less pH stability of this antiviral material 
is noted in comparison to viral induced mouse 
interferon, which is stable to pH 2. This may 
be due to co-precipitation of interferon with 
other acid precipitable materials in the PF. 
Experiments are in progress to characterize 
the antiviral material found in both the serum 
and peritoneal fluid by other methods includ- 
ing G-100 Sephadex gel filtration to measure 
molecular weight ( 2  5). 

Various investigators have shown that avir- 
ulent or inactivated viruses are better inter- 
feron inducers than live viruses (26?2 7 ) .  An 
avirulent or chronic strain of T .  gondii was 
used for in vivo stimulation of antiviral activ- 
ity. Subsequently, mice were challenged with 
a neurotropic virus, Mengo virus. The re- 
sults shown in Fig. 1 indicate definite in vivo 
antiviral protection. Subcutaneous inocula- 
tion of ME-49 7 days prior to virus inocula- 
tion resulted in better protection than did the 
intraperitoneal inoculation 2 days prior to 
virus challenge. I t  appears that the slow, sus- 
tained release of ME-49 (and/or the induced 
antiviral substance) over 7 days resulted in 
more solid protection. 

In recent unpublished studies in this lab- 
oratory, antiviral activity was observed in the 
serum of mice at  7 days, but not a t  2 days 
after IP inoculation of ME-49. Also, in zlizlo, 

good protection was demonstrated against 
Mengo virus in ME-49 IP injected mice chal- 
lenged after 7 days, which was identical to 
that observed in animals in which the ME-49 
was SC injected. From these data it appears 
that the degree of in vivo antiviral protection 
correlates with serum antiviral activity and 
is determined by the length of time elapsed 
following toxoplasma inoculation, rather than 
the route of injection, 

It would be of interest to' determine the 
interferon sensitivity of toxoplasma as many 
agents which stimulate interferon production 
are also inhibited by interferon. Present 
knowledge of the mechanism of action of in- 
terferon allows us to speculate on this ques- 
tion, Interferon appears to act on the ribo- 
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soma1 level of protein synthesis by prevent- 
ing the formation of polysomes from host 
ribosomes and viral messenger RNA( 28,29). 
TRIC agents appear to be sensitive to the 
action of viral induced interferon(30) and it 
is not yet clear whether they, like viruses, 
employ the host cell’s or their own ribosomes 
for synthesis of their proteins. However, as 
bacteria and protozoa possess their own ribo- 
somes(31,32), we would predict that those 
protozoa and bacteria which grow intracellu- 
larly are not sensitive to interferon action. 
Bacteria and protozoa, moreover, both have 
been reported to support virus replication 
(33,34). Therefore their biosynthetic path- 
ways might be expected to resemble those of 
the host cell in its apparent lack of change 
in the presence of interferon(35,36). 

Summary. Toxoplasma gondii has been 
shown to induce in vivo an antiviral sub- 
stance whose action is demonstrable both in 
tissue culture and in vivo. Characterization 
of this material has shown it to fulfill many 
of the criteria used to define interferon. Inoc- 
ulation of an avirulent strain of T.  gondii 
resulted in protection against later challenge 
by a virulent neurotropic virus. 

We wish to give special thanks to Mrs. Jean Mc- 
Intosh and Miss Beverly Koops for excellent technical 
assistance . 
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