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ABSTRACT

The production of interferon by pigs in re-
sponse to viral and synthetic inducers was
studied. The inducers used included poly-
riboinosinic-polyribocytidylic acid (Poly I:C),
swine influenza virus and pseudorabies virus.
Following intravenous inoculation of pigs with
the inducers, sera were examined for inter-
feron by the plaque-reduction method in por-
cine kidney (PK15) cell cultures using vesicular
stomatitis virus as the challenge inoculum. It
was shown that pigs can produce interferon
in response to each of these inducers. The
pseudorabies virus used in this investigation
was found to be a better interferon inducer
than the swine influenza virus.
The interferon produced in pigs was iden-

tified as an interferon because it was pH
stable, non-dialyzable, sensitive to trypsin,
non-sedimentable and possessed broad-spectrum
antiviral activity as well as host-species spec-
ificity.

RESUME

Cette experience visait a etudier la produc-
tion d'interferon chez des porcs, en reponse a
certains agents viraux et synthetiques. Les
agents utilises a cette fin comprenaient l'acide
polyriboinosinique - polyribocytidylique (Poly
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I:C), ainsi que les virus de l'influenza du porc
et de la pseudo-rage. Apres avoir injecte ces
agents a des porcs, par la voie intra-veineuse,
on rechercha la presence d'interferon dans leur
serum au moyen de la methode de la r&duction
des plages dans des cultures de cellules renales
de porc (PK,,) ensemencees avec le virus de
la stomatite vesiculaire. On demontra que les
porcs injectes avec l'un ou l'autre des agents
employe's elaborerent de l'interferon. Le virus
de la pseudo-rage utilise au cours de l'expe-
rience s'avera un meilleur provocateur de la
production d'interferon que le virus de l'in-
fluenza du porc.
On identifia comme tel l'interferon produit

chez les porcs, en se basant sur les criteres
suivants: stabilite de son pH, impossibilite de
le dialyser ou de le faire s&dimenter, sensibilite
a la trypsine, action inhibitrice a l'endroit de
plusieurs virus et specificite d'espece.

INTRODUCTION

The interferon system has become re-
cognized as a major natural defense mech-
anism against viral diseases. It is believed
to play an important role in the recovery
of host animals from viral infections and
serves to limit virus spread through the
blood stream (1, 6).

Interferon production has been induced
in many animal species but there is little
information on the ability of the pig to
produce interferon in response to various
stimuli. Torlone et al (20) reported the
successful induction of interferon in pigs
infected with hog cholera virus but did

Can. J. comp. Med.288



not determine whether the pig could pro-
duce interferon in response to other in-
ducers.
The purpose of this experiment was to

investigate the interferon-producing cap-
acity of swine in response to various in-
ducers. The inducers used included poly-
riboinosinic-polyribocytidylic acid (Poly I:-
C), a synthetic double-stranded ribonucleic
acid, swine influenza virus (SIV), a single-
stranded enveloped RNA virus, and pseudo-
rabies virus (PRV), a double-stranded
enveloped DNA virus.

MATERIALS AND METHODS

The cellI cultures, media, viruses, and
procedures for interferon assay and char-
acterization have been described (21).

POLYRIBOINOSINIC-POLYRIBOCYTIDYLIC ACID

Poly I :C1 was stored at 40C in vials until
used and was used as an interferon inducer
in pigs.

EXPERIMENTAL PIGS AND INTERFERON
INDUCTION

The pigs used for interferon production
in response to Poly I :C and pseudorabies
virus (strain PRV-Pa) were of mixed breed
and were obtained from a private pig pro-
ducer. They were shown to be free of PRV
antibodies prior to inoculation. The pigs
used for interferon production in response
to SIV were of the Hampshire breed and
were obtained from the respiratory-disease-
free swine herd maintained at the Veter-
inary Medical Research Institute, Iowa
State University.
The pigs were of both sexes and ranged

in weight from 10.4 kg to 19.4 kg at the
start of the experiment. They were housed
individually in 2.5 x 2.5 x 3 foot isolation
cages, with air tight doors and virus re-
taining filters on the intake and exhaust
ports.

Pigs were inoculated with the appropriate
virus or Poly I:C into the ear veins. The
dosage levels are indicated in Tables I and
II. Before inoculation, and at specified
times after inoculation, blood samples were

lMicrobiological Associates, Bethesda, Maryland.

collected for interferon assay using the
orbital sinus bleeding technique (9). The
rectal temperatures were recorded twice
daily.

SERUM PREPARATION FOR INTERFERON
ASSAY

After firm clots were formed the sera
were harvested and clarified by centrifuga-
tion for 15 minutes at 2,000 rpm. The serum
samples were then dialyzed, centrifuged,
filtered, stored and assayed as described
previously (21).

RESULTS
INTERFERON INDUCTION BY POLYRIBOINO-
SINIC-POLYRIBOCYTIDYLIC ACID (POLY I :C)

The experimental pigs were inoculated
intravenously with Poly I:C using the ear
veins. The dosage levels per kilogram of
body weight are indicated in Table I. Pigs
number 2 and 3 were restimulated with
Poly I:C administered intravenously on the
seventh day after the first stimulation.
Pig number 4 was used as a control (Table
II).

Circulating interferon was detected and
found at maximal titer by postinoculation
hour two (Table I). Reduced or not titers
of serum interferon were observed by the
sixth hour after inoculation.

Pigs number 2 and 3 restimulated by the
intravenous administration of Poly I:C on
the seventh day after the first stimulation
produced lower interferon titers than after
first induction (Table II). Neither pyro-
genicity nor toxicity was observed in pigs
inoculated intravenously with Poly I :C.

INTERFERON INDUCTION BY PRV-Pa

The experimental pigs were inoculated
intravenously with one ml of PRV-Pa con-
taining 3.7 x 107 pfu/ml. The one control
pig was inoculated with 1.0 ml of saline G
(16). Results are summarized in Table I.
A detectable low level of interferon was

produced by six hours post inoculation in
one pig, and all the pigs, except the control,
produced interferon by 24 hours after in-
oculation. Due to electrical failure, result-
ing in an inadequate air circulation in the
isolation units, two pigs (9 and 10) died
of suffocation. Maximal interferon titers
were reached in two pigs (8 and 11) at 72
hours post inoculation. Pig number 7
reached peak titer at 24 hours. The serum
interferon levels diminished thereafter but
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TABLE II. Serum Interferon Titers of Pigs Restimulated with Poly I :C Intravenously

Interferon Titer
Hours

Poly I:C Physiological Postinoculation
Pig Body Weight Dose Saline Dose
No. Sex kg mg/kg ml 0 2 6 12 24 48 72

2 M 19.8
3 F 18.6
4 F 19.0

.1

.1
0

in pig number 11 the titer remained at de-
tectable levels through 144 hours after
inoculation. Pigs number 7 and 8 had de-
tectable interferon in their sera until 96
hours post inoculation. Both died display-
ing typical symptoms of pseudorabies in-
fection on the fifth day after the inocula-
tion of virus. Pig number 11 showed symp-
toms characteristic of PRV infection and
recovered without treatment.

All infected pigs showed a febrile re-
sponse at different times post inoculation.
No positive correlation between febrile re-
sponse and serum interferon titers was
observed.

INTERFERON INDUCTION BY SWINE
INFLUENZA VIRUS

Experimental pigs were inoculated intra-
venously with SIV-containing allantoic
fluid. Dosage levels and results are sum-
marized in Table I.
One pig did not produce any detectable

interferon in the serum. Another pig pro-
duced a low level of interferon only at six
hours post inoculation. Low levels of the
interferon were detectable in sera collected
at six to 48 hours after inoculation of pig
number 13. Pig number 15 produced higher
titers of interferon, reaching a maximum
titer of eight at 24 hours post inoculation.

All intravenously injected pigs showed a
slight febrile response. A positive correla-
tion between febrile response and serum
interferon titers was not observed.

CHARACTERIZATION OF INTERFERON

The viral inhibitor produced in pigs in
response to Poly I :C, PRV-Pa, and SIV was
characterized as being acid resistant, non-
dialyzable, non-sedimentable at 100,000 g
for 60 minutes, trypsin sensitive, relatively
heat stable, active against different viruses
and species specific. The results are given
in Table III.

0 16 2 2 0 0 0
0 32 0 0 0 0 0
0 0 0 0 0 0 0

DISCUSSION

A synthetic double-stranded polyribo-
nucleotide complex, Poly I :C, has previously
been shown to be an effective inducer of
interferon in mice (2, 14), rabbits (3, 4),
calves (17), chickens (15), hamsters (19)
and man (5, 7). No report of interferon in-
duction in swine systems in response to
Poly I:C has been found in the literature.

In this study Poly I:C has been success-
fully used to induce interferon in pigs. The
response of the pigs to Poly I :C by the
production of circulating interferon, re-
sembles that of the chicken, hamster, rabbit,
mouse, man and calf and is unlike the re-
sponse of the monkey, dog and guinea pig
which failed to develop detectable circulat-
ing interferon following intravenous injec-
tion of Poly I:C (5).

The peak of interferon production in all
five pigs occurred two hours after intra-
venous injection of Poly I:C. The circulat-
ing interferon decreased rapidly. This rapid
appearance and early disappearance of
Poly I :C-induced inhibitor is similar to
the response seen in rabbits (14) and calves
(17).
The magnitude and the duration of the

response were not dose-related within the
dose range of the drug tested and no at-
tempt was made to demonstrate a dose-
related response similar to that observed
in cell-culture studies (21).
The pigs given a second injection of Poly

I :C on the seventh day after initial stimula-
tion were capable of interferon reinduction.
However, the interferon titers were lower
than after the first stimulation. Unfor-
tunately, insufficient data was obtained to
define the amount of Poly I:C required to
bring about hyporesponsiveness or to de-
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TABLE III. Properties of Swine Serum Interferon

Results
Treatment

Induced by Poly I:C Induced by PRV-Pa Induced by SIV

1. Dialysis for 48 hours at 4°C Non-dialyzable
2. Acidification at pH 2 ......... Activity retained
3. Activity against different viruses Broad-spectrum activity

Virus ....................... Titers
VSV-NJ ..................... 32 32
Vaccina ..................... 16 32

4. Trypsin sensitivity Activity destroyed
Control titer ................. 16 16 4
Trypsin (2 ug/mi) for two hours

at 37°C.................... 0 0 0
5. Heat stability Heat stable

Control titer .. . 16 32
Titer after heating 56°C for

30 minutes ................. 16 16
6. Ultracentrifugation ........... Non-sedimentable

Titer before ultracentrifugation - 4
Titer after ultracentrifugation.. - 4

7. Activity against VSV-NJ in
heterologous cells ........... Not active

Titer on PK5. 16
Titer on MDBK -.............

-Interferon titers are expressed as the reciprocal of the dilution which produced 50%0 reduction in the number
of viral plaques

termine the duration of the refractory
period. From these results it appears that
if refractoriness exists in pigs it lasts less
than seven days.

Neither pyrogenicity nor toxicity was
observed in pigs in response to intravenous
inoculation of Poly I:C at the drug dose
used. This is in contrast to reports about
the effect of intravenous inoculation of
Poly I:C in calves (17), man (5), dogs
(7), and rabbits (12). Apparently pigs are
less sensitive to intravenous inoculation of
Poly I:C.

Interferon production in response to PRV
in vivo or in vitro in swine or other
species has not been reported. In contrast
to findings in porcine cell cultures (21) the
intravenous injection of PRV-Pa into pigs
resulted in the appearance of an antiviral
substance in the serum. The most accept-
able explanation for the failure of PRV to
induce interferon in porcine kidney (PK15)
cell cultures would be that the virus replica-
tion damaged cells prior to interferon
synthesis. All the injected pigs showed a
febrile response at different times post
inoculation but no positive correlation be-
tween febrile response and serum inter-
feron titers was observed.

The persistence of PRV-induced inter-
feron was much longer than Poly I:C in-
duced interferon. This can be explained by
the fact that virus is able to replicate in
swine and stimulates the interferon-pro-
ducing cells for a longer period of time.
Since Poly I :C is degraded in the body (11,
13) its interferon-inducing capacity is lim-
ited to the initial dose.
The enveloped, single-stranded RNA-

containing viruses of the myxovirus group
are considered to be good interferon in-
ducers. In contrast to what one would ex-
pect swine influenza virus was found to be
a very poor interferon inducer in pigs in
this investigation. The poor interferon-in-
ducing ability of SIV in pigs may be a
characteristic of the virus strain. It has
been reported that different myxovirus
strains possess variable interferon-inducing
abilities (8, 18).
The antiviral substance produced in pigs

in response to these inducers possessed
characteristics which justify the conclusion
that this substance is interferon (10). In
contrast to findings of Torlone et al (20)
who found that swine interferon is active
on primary calf kidney cells the Madin-
Darby bovine kidney (MDBK) cell line used
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in these experiments did not respond to
swine interferon.
The potential prophylactic value of inter-

feron has been recognized, especially when
it has been produced as a result of stimula-
tion of the host. Induction of endogenous
interferon is also a very promising ap-
proach to antiviral therapy largely because
of its lack of viral specificity (6, 10). The
results of this investigation show that pigs
can produce interferon in response to viral
and synthetic inducers. This mechanism
probably plays a significant role in anti-
viral defense in pigs as it does in other
species of animals.
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