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SUMMARY
The specificity in the agar diffusion precipi-

tation test of the reaction between the antigen
of hog cholera virus diffusing from infected
tissues and its homologous antibody was veri-
fied.
Alternate freezing and thawing of infected

tissues was found to give optimum release of
the antigen from fresh tissue frozen for 18
hours. A study of the effect of the size and
age of pigs upon the diffusion of the antigen
from tissues showed that tissues from pigs of
less than 250 lbs. gave good results provided
the tissues were from animals showing gross
clinical manifestations. Specimens from in-
fected breeding sows and dead animals usually
did not give a reaction.

RESUME

On a etudie par diffusion dans l'agar, la
specificite' de l'etpreuve de precipitation entre
l'antigene provenant de tissue infecte's avec le
virus de la peste porcine et les anticorps cor-
respondents.

Il a e'te' constate' que des corqge'lations et de'-
geles consetcutifs des tissus infecte's permettent
la liberation optimum de l'antigene des tissus
fraichement preleves et congeles depuis 18
heures. Une e'tude de l'influence du poids et
de l'age des porcs sur la liberation de l'anti-
gene des tissus, a montre que les tissus des

'Animal Pathology Division, Health of Animals Branch,
Canada Department of Agriculture, Animal Diseases Re-
search Institute, Hull, Que.

sujets de moins de 250 livres donnent de bons
risultats dans l'epreuve pourvu qu'ils provi-n-
nent d'animaux montrant des signes avance's de
la maladie. Les tissus des truies de reproduc-
tion et des sujets morts doivent itre e'vite's
parce que generalement ils ne donnent pas de
reactions.

Preliminary studies (1) of the agar dou-
ble diffusion precipitation test confirmed
the observation of Darbyshire (2) that a
reaction takes place in the agar medium
between antigens from hog cholera (HC)
infected tissues and antiserum for this
virus. Absorption and chromatographic
studies showed that the reaction occurred
between the gamma-globulin component of
the hyperimmune serum and the viral anti-
gen diffusing from the infected tissues.
Modifications of Darbyshire's method in-
corporated into the earlier tests such as
the use of 1 per cent No. 2 Oxoid lonagar
instead of 1.5 per cent, immune serum glo-
bulin fractions instead of whole serum and
spleen as antigen in place of pancreas im-
proved the sensitivity of the test. The
method of liberation of antigen from the
tissues had the greatest influence on the
results. There appeared to be a slight im-
provement with aging of the tissues, while
chemical extraction with ether and alcohol
or sonic vibration to disrupt the cells elim-
inated the reactivity. Preliminary work on
alternate freezing and thawing of the tissues
appeared to improve their reactivity in the
test. Depending upon the particular treat-
ment of the tissues used for the liberation
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TABLE I

Results of the agar double-diffusion precipitation test and of precipitation-inhibition on random
samples of spleens from normal swine and swine experimentally infected with hog cholera virus
and other infectious agents

Number Direct precipitation Precipitation-inhibition
of _ _

Tissue source spleens Pos. Ques. Neg. Pos. Ques. Neg.

Hog cholera virus
H. C. Canadian isolates.69 52 9 8 52 7 10
American 1030 isolate .. ... 8 6 1 1 5 2 1

Total ... 77 58 10 9 57 9 11
Per cent.. 75.3 13.0 11.7 74.0 11.7 14.3

Teschen virus
T. vetesucci .. 4 4 4
T. konratice... 3 3
T. french.3 3 3

Total .... 12 12 12

HEV virus. . 3 3 3
VE virus 3 3 3
ASF virus .5 5 5
Erysipelothrix insidiosa . 7 7 7
Normal Tissues .. 45 45 45

of the antigen, from 52.3 to 68.1 per cent
reactions were observed with the same
group of specimens.
The studies were continued to verify the

effects of the incorporated refinements on
the sensitivity and specificity of the test,
when applied to the differentiation of the
HC virus from other infectious agents in
swine tissues. Two main series of studies
were conducted. In the first series, field
conditions were simulated as closely as pos-
sible by random distribution of tissues
harvested from HC infected swine, normal
swine and swine infected with other dis-
eases. In the second series, attention was
given to the minimum storage time neces-
sary for best release of the antigen, the
optimum time for harvest during the course
of the disease and the influence of the age
of the animal on the diffusion of the anti-
gen from infected tissue.

Materials and Methods
EXPERIMENTAL ANIMALS AND

INFECTIOUS AGENTS

Eight hog cholera virus isolates were
used in this study: standard ADRI-1,
Green, Windsor 53, U5516, U5674, TC1 and
American 1030. Other infectious agents
such as Teschen virus (Vetesucci, Konra-
tice, French), HEV (the porcine haemag-

glutinating encephalomyelitis virus of
Greig), vesicular exanthema virus B-1 and
Erysipelothrix insidiosa, some of which
produce symptoms that might be confused
clinically with those of hog cholera, were
also included to establish the specificity of
the test. Each viral inoculum contained 20,-
000 I.U. penicillin and 3 mg. streptomycin
per ml. of infective material. The animals
were kept in small groups in strict isola-
tion and each group was exposed to only
one particular infectious agent. Tempera-
tures of the animals were taken daily.

Series 1: The swine in this series were
minimal disease pigs of 30 to 40 pounds
weight each. Sixty-nine swine, as indicated
in Table 1, were inoculated intramuscularly
with 5.0 ml. of hog cholera virulent blood
derived from passages of infectious mate-
rial collected in previous Canadian out-
breaks. In addition eight swine were simi-
larly inoculated with 3.0 ml. of virulent
blood from the American 1030 isolate.

Twelve pigs were inoculated intracranial-
ly with 0.2 ml. of Teschen virulent brain
suspension, three received 1.0 ml. of HEV
tissue culture propagated virus, three were
inoculated intradermalingually with 1.0 ml.
of vesicular exanthema epithelium suspen-
sion virus, five intramuscularly with 5.0
ml. of African swine fever virulent blood
and seven with 10.0 ml. of a virulent Ery-
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Fig. 1. Disposition of reagents and patterns of reac-
tions in the direct and precipitation-inhibition agar tests.
(a) T.S. - Unknown test spleen

R - Known reactor spleen
Wells 1, 3 - HC Immune swine serum globulins
Well 5 - Normal swine serum globulins

(b) R - Known reactor spleen
Wells 1, 3 and 5: HC positive swine serum globulins
absorbed by spleen tissue from 1: known hog
cholera reactor,

3: unknown test swine and
5: known normal control swine

sipelothrix insidiosa culture intravenously.
Forty-five specimens were collected from
normal animals at the slaughter house or
from a minimum disease herd.

Series 2: In this series all the swine were
inoculated intramuscularly with 5.0 ml. of
hog cholera virulent blood derived from the
standard ADRI-1 isolate. One group of 24
weighing between 30 and 65 pounds were
killed at various intervals post inoculation,
that is, on the third, fifth, seventh and
tenth day. Another group of 24 swine in-
cluding four weighing 100 to 150 pounds,
eight of 160 to 200 pounds, four of 210 to
250 pounds and eight sows weighing over
300 pounds were killed when showing mani-
festations of the disease.
TISSUE ANTIGENS

Spleens only were used in both series be-
cause previous work had indicated that this
tissue was a better source of antigen.

Series 1: The spleens were harvested

from the 3rd to the 17th day post inocula-
tion. They were assigned a code number
unknown to the person setting up the test
and stored in small amounts in the frozen
state. This storage period varied from 2
to 109 days. The spleens were frozen and
thawed four times in groups of 18 to 20
samples and held in the freezer for three to
ten days before testing.

Series 2: The spleens when harvested
were divided into four small portions and
handled as follows: portion number 1 was
refrigerated overnight at 90 C, frozen and
thawed four times in a glass container sub-
merged in a dry ice-alcohol bath and tested
on the same day; portion number 2 was
kept frozen overnight, thawed the next day
and tested following four alternate freez-
ings and thawings; portion 3 was frozen
and thawed four times, then incubated for
18 hours at 37°C with 3000 I.U. penicillin
and 4.5 mg. streptomycin per gram of tis-
sue to prevent bacterial multiplication; por-
tion 4 was frozen and thawed four times,
then stored in the freezer from four to
seven days before being thawed and tested.
As normal controls, tissues were obtained
from a local slaughter house and processed
in the same manner as the infected tissues.

NORMAL AND IMMUNE SERUM GLOBULINS
The globulin fractions from normal and

HC hyperimmune pig sera were precipi-
tated at 80C by dialysing one volume of
serum against nine volumes of ammonium
sulphate adjusted to give a final concen-
tration of 30 per cent in the sera and the
dialysate. In earlier tests, no difference was
observed in the reactions obtained with
globulin fractions from three locally pro-
duced hyperimmune sera and a commercial
serum; therefore, the commercial serum
globulins were used because of their avail-
ability in large volume. The normal serum
globulins were obtained from a specific
pathogen free (SPF) sow and from blood
collected at a local slaughter house. In the
latter the globulins were derived by preci-
pitation of one volume of serum with an
equal quantity of saturated ammonium sul-
phate ( 1).
TECHNIQUE OF THE TEST

The procedures were similar to those de-
scribed in a previous paper (1) for the
testing of splenic tissue. The diameter of
the diffusion wells and their respective dis-
tances were also the same as described pre-
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TABLE II

Influence of storage in the frozen state on the
liberation of the precipitating antigen from

infected tissues

Period of Reactions
storage Number Pos. or
days of spleens ques. Negative

0- 9... 10 7 3
10- 19... 4 0 4
20- 29 26 26 0
30- 39 9 9 0
40- 49 15 15 0
50-59 ... --

60-69 ...
70- 79 ... 3 3 0
80- 89... 2 1 1
90-99... 4 4 0
100- 109 4 3 1

viously. The diffusion medium consisted of
1 per cent No. 2 Oxoid Ionagar, pH 7.2, in
disposable petri dishes. To compensate for
a slower rate of diffusion of antigen from
the tissue material, wells containing the
tissues were filled two hours before the ad-
dition of the serum globulins. The incuba-
tion period and the method were not
changed. The tests were read after 24 and
48 hours incubation at room temperature.
The first series of tissues were also

tested by a precipitation-inhibition test.
Both tests were conducted in parallel in the
same petri dish and the reagents were dis-
posed as indicated in Fig. 1 which also ex-
emplifies typical reactions. On the day
prior to the test, three 0.5 ml. portions of
immune globulin concentrate were absorbed
respectively with 1.0 gram of splenic pulp
from a known normal, a known positive and
the unknown spleen tissue. Absorptions
were carried out for 18 hours, with con-
tinuous agitation, in a cold room. The sus-
pensions were then centrifuged in an in-
ternational centrifuge model SVB 1 for 30
minutes to remove tissue. The remainder
of the procedures, including reading, were
the same as for the ordinary precipitation
method.

Results
SERIES 1

In this series the strict requirements of
the test, outlined in a previous publication
(1) were rigidly followed and the spleen
tissues were subjected to four alternate
freezings and thawings to improve the re-
lease of the antigen. Of 77 spleens collected

TABLE III

Influence of the duration of pyrexia at the time
of collection of tissues on detection of hog

cholera viral antigen

Duration Number Reactions
of pyrexia of Pos. or
days samples ques. Negative

0........... 2 1 1
1........... 2 2 0
2........... 2 1 1
3........... 9 5 4
4........... 9 6 3
5........... 5 5 0
6........... 16 16 0
7........... 9 9 0
8........... 9 9 0
9........... 6 6 0
10-15 8 8 0

from hog cholera infected swine, 68 or 88.3
per cent gave either positive or question-
able reactions in the agar double-diffusion
precipitation test (Table 1). The precipita-
tion-inhibition test was positive or ques-
tionable in 65 of the 68 specimens which re-
acted in the ordinary test. One spleen re-
acted in the inhibition and not in the or-
dinary test. This apparent discrepancy be-
tween the two tests is probably due to the
fact that for practical reasons the inhibi-
tion test was conducted with only concen-
trated antibody. Consequently, the spleen
with a low content of virus did not release
enough antigen to completely neutralize
the antibody. This discrepancy was not
noted in repeat tests when adjustments
were made between the volumes of globulin
concentrates and absorbing tissues. No re-
action was given by spleens collected from
swine inoculated with Teschen, HEV, vesi-
cular exanthema and African swine fever
viruses nor by those collected from the

TABLE IV

Influence of the duration of the disease at the
time of collection of tissues on the detection of
the presence of hog cholera virus antigen

Reactions
Days post- Number Pos. or
inoculation of Spleens Ques. Negative

3-5 11 6 5
6-8 38 34 4
9-11...... 21 21 0
12-14...... 3 3 0
15-17 4...... 4 0

Can. J. Comp. Med. Vet. Sci.160



06

107

106

l05

104

103

102

101

- 230 NEG
---42POs*
- -231 NEG
Ai-236 P0

-* WORIIBUND

2 3 4 5 6 7 S 9 10 11 12 i3 14 15 16 17

106

107

106

105

104

103

102

101

0056 NES
"I 223 POS

v04 -_- 224 POS

2 3 4 5 6 7 9 10 JJ 12 13 14 IS lb I

- 120 NES
--- 121 NEG
-- 128 P0S

-0- 129 POS

2 3 4 5 6 -7 9 10 11 a

I~~~~~~~~~~~-
-

-130 POSik
-K134 POS *
-_ 35 POSF ,
---137 PO5*

* MORIBUND
1 2 3 4 5 6 7 a * lo101a

DAYS POST-I NO C ULATION

Fig. 2. Temperature curves and time of harvest of reactor and non-reacting splcens from hog cholera infected swine.

swine infected with Erysipelothrix insidi-
osa or from normal swine.
The storage period of the tissues was

considered as a possible influence on the
sensitivity of the test since it seemed in
preliminary trials that the reactivity of
some tissue increased with aging. However,
the distribution of positive and negative
results among the specimens grouped ac-

cording to storage time (Table II) sug-

gested that this influence was only ap-

parent because two of the spleens stored for
more than 80 days remained non-reactive.

Examination of the results (Table III)
indicated that the reactivity was dependent
on the duration of pyrexia at the time of
collection of tissues. This is also exempli-
fied in Table IV which indicates that 62
of the 66 spleens, collected from swine six
days or more after inoculation, reacted in
the test. Among the 62 were 10 swine in
the early moribund stage, with a long pe-

riod of pyrexia, symptoms of inco-ordina-
tion and paralysis, as well as a normal or

subnormal temperature at the time of col-
lection of the spleens. The temperature
curves of five of the ten strongly reactive
moribund swine, (nos. 242, 130, 134, 135
and 137), are given in Fig. 2. For contrast
the temperature curves are also given for
five non-reactor swine (nos. 230, 231,

00056, 120 and 121) the spleens of which
were collected at the height of temperature
but soon after infection.
The observations made in series I indi-

cate that the height of fever at the time
of collection of specimens, the strain of HC
virus, the route of inoculation or the pe-
riod of storage of tissue in the frozen state
have little influence. Four alternate freez-
ings and thawings of the tissue and the
collection of the specimens from swine with
advanced clinical manifestations, presum-
ably with a higher content of virus in the
spleen tissue, is of prime importance.

SERIES 2

Comparison of the four treatments de-
scribed above showed that freezing the
sample for 18 hours, rather than refriger-
ating for 18 hours before freezing and
thawing four times released much more an-

tigen. Storage of the frozen sample for
longer periods did not materially increase
or reduce the amount of antigen released.
The fresh specimens, frozen and thawed
four times, then incubated at 37°C for 18
hours (with penicillin and streptomycin)
often gave a much stronger reaction in a

shorter period. However, the heavy diffuse
cloudiness usually accompanying the reac-

tion obscured the precipitation lines and
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TABLE V

Effect of post-inoculation interval and duration of pyrexia on efficiency of the agar precipitation
test for detection of hog cholera virus antigen in infected tissues

Mean days' duration Number Reactions
Days post-inoculation of pyrexia of pigs Pos. Negative

3.............................. 2 6 0 (100%)4*2 . . ......................... .2 1 0 1
5............................ 3 5 3 (60%) 2 (40%)
7............................ 6 6 5 (83.4%) 1 (16.6%)
8*............................4 1 1 0
10 ..............................8 5 5 (100%) 0

*Found dead.

made interpretation very difficult. Since
the only difference between the results of
the four treatments was in the intensity
of the reactions only a single result was
recorded for each spleen tested.

This series of experiments was divided
into two sections, the first of which dealt
with the optimum time of harvest of tis-
sues during the course of the disease (Table
V). Of the twenty-four 30 to 65 pound pigs,
22 were killed at regular intervals from
three to ten days post infection, one died
at four days and another died at eight
days post inoculation and gave very weak
or negative reactions. In the results ob-
tained, there was a definite correlation be-
tween the time of harvest post inoculation,
duration of pyrexia, and advanced clinical
manifestations of the disease. The five
spleens harvested after only three days of
infection and two days pyrexia were nega-
tive. Positive reactions were seen with all
of the spleens from pigs with at least eight
days pyrexia and ten days of infection.
This proportion decreased to five of six
pigs at seven days post inoculation with

six days pyrexia, three of five at five days
post inoculation and three days pyrexia.
All 12 of the corresponding normal control
tissues obtained from a slaughter house
were negative.

In the second section of series 2 the pos-
sible influence of age and size of pigs, on
the diffusion of antigen from infected
tissue was studied. As indicated in Table
VI, there were four negative results in the
group of eight 160 to 200 pound pigs, but
all four represented spleens collected from
dead animals in which the viral antigen
may have been destroyed during tissue au-
tolysis. There was one negative sample in
the 210 to 250 pound group but this ani-
mal had only five days of low grade fever
so that as discussed before the virus titer
may have been too low to be detectable.
The negative results obtained from speci-
mens of these samples can be accounted for
on the same basis as those in the 30 to 65
pound group collected under similar condi-
tions. There were no other differences in
the reactions produced by tissues from the
remaining animals in the 100 to 250 pound

TABLE VI

Influence of the size of pigs on the diffusion of antigen from hog cholera infected tissues

Number Days post- Days of Reactions
Size of pig of pigs inoculation pyrexia Pos. Ques. Negative

pounds range range
100-150 .4 7 -8 6 -8 4 0 0
160-200 .8 5 -8 4 -8 4 4*
210-250 .4 6 -8 5 -8 3 1**
300 + Adult sows .8(a) 5- 11 2-7 1 2t 4***

*All four pigs died.
**5 days low grade fever.
***One sow died 5 days post inoculation.
(a)Tissues from one sow unsatisfactory for test.
tVery weak questionables.
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range. However, there was a striking dif-
ference in the results obtained with tissues
from adult sows. Of this group, only one
positive result was observed with a frozen
stored sample harvested nine days post in-
oculation from a sow with seven days high
fever and showing post-mortem lesions typ-
ical of hog cholera. Of the other six speci-
mens two showed very weak questionable
reactions and four gave negative results.
The observations made from series 2 con-

firmed the indications of series 1. The most
important factors for obtaining consistent
positive results in the immunodiffusion
test were the alternate freezing and thaw-
ing of fresh spleen tissue from pigs of less
than 250 pounds weight with advanced
clinical manifestations of hog cholera.

Discussion
The results of the present study support

the conclusions drawn previously (1) that
the precipitation reaction obtained in the
agar diffusion test was due to the hog
cholera virus in the infected tissue. The
specificity of the reaction was further sub-
stantiated by the absence of reaction with
all the tissues from normal animals and
those infected with the five other agents.
This observation was also supported by the
precipitation-inhibition test. The immune
globulins absorbed with hog cholera in-
fected tissue did not react with the positive
control spleen antigen, whereas those ab-
sorbed with tissues from the five other
diseases and the tissues from normal swine
exhibited no inhibition and reacted in the
test with the control viral antigen.

In addition to the conditions outlined in
the previous paper, the sensitivity of the
test was found to be dependent on the
proper treatment of the tissues for the re-

lease of antigen. While little antigen was
released by fresh, unfrozen tissues, slight-
ly more was obtained from tissues frozen
and thawed once. Repeated experiments in-
dicated that four alternate freezings and
thawings of specimens frozen for 18 hours
gave the optimum diffusion.
The clinical state of the animal from

which tissues were collected greatly influ-
enced the results of the tests. It was found
to be important that animals show gross
clinical manifestations of the disease in
order to obtain an optimum amount of an-
tigen. The best results were observed when
pyrexia and sickness had been present for
six to eight days before the harvest of ma-
terial. However, since tissues from infected
breeding sows, pigs of over 250 lbs. or dead
animals tended to give negative results,
these should be avoided in the test.
The 75 per cent or more positive reac-

tions obtained indicated that the test was
a valuable diagnostic tool for hog cholera
when used on a herd basis. It was most re-
liable when several samples were collected
from each group of infected pigs.

A C K N OW L E D G M E N TS

The authors wish to acknowledge the help
of Mr. M. Picard for assistance in post-
mortem studies and Mr. W. A. Boyd for
assistance in photography.

REFEREN CES

1. RUCKERBAUER, G. M., APPEL, M., BANNISTER,
G. L., MORI, K., COCHRANE, D. and BOULANGER,
P. Hog cholera. I. Investigation of the agar dou-
ble-diffusion precipitation test for the detection of
the virus in swine tissue. Can. Jour. Comp. Med.
28(12): 297-303, 1964.

2. DARBYSHIRE, J. H. The agar gel diffusion test for
swine fever. Monograph from Central Veterinary
Laboratory, Weybridge, Surrey, England. Personal
Communication. February 1961.

An Outbreak of Visceral and Cerebral historiosis in a Flock of Sheep
in South East E.ngland

Sixty out of 360 lambs and 3 out of 280
ewes died in an outbreak of listeriosis. The
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2 to 7 days old, appeared dull, some were
scouring and all were losing condition. The
outstanding post-mortem lesion in the lambs
was "sawdust" liver and histeria monocyto-
genes was regularly isolated from all internal

organs but never from a brain. Histological
examination revealed typical lesions of cere-
bral listeriosis in one ewe while in the lambs
numerous foci of necrosi.s were found in the
liver, spleen and gastro-hepatic lymph nodes.
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