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ABSTRACT

Transformation of peripheral blood lym-
phocytes from pony foals vaccinated and sub-
sequently infected with Corynebacterium equi
was studied. Three foals were vaccinated on
two occasions using a formalinized C. equi
vaccine with aluminum hydroxide as an ad-
juvant. Three nonvaccinated foals served as
controls. Foals were challenged intratracheally
with 9 x 109 C. equi six weeks after the initial
vaccination. Foals survived this infection for
one to two weeks. Significant lymphocyte
transformation in response to C. equi antigens
was detected in two vaccinated foals at the
third week after initial vaccination and in
all vaccinated animals at the fifth week. No
statistically significant transformation was
seen in nonvaccinated foals before infection.
Vaccinated and nonvaccinated foals showed
responsive lymphocytes following challenge.
Vaccination offered no obvious protection
against experimental challenge but this fail-
ure was probably due to an excessive infective
dose of organisms. Low levels of humoral
antibodies were detected in some challenged
foals. The pathological changes in the lungs
of infected animals were comparable with,
but more fulminating than, changes observed
in the natural disease.

RASUMA

Cette experience visait a etudier les trans-
formations des lymphocytes du sang periphe-
rique de jeunes poneys, vaccines et ensuite
infectes avec Corynebacterium equi. On vac-
cina trois de ces poneys, a deux reprises,
avec un vaccin formole auquel on ajouta de
l'hydroxyde d'aluminium, comme adjuvant.
Trois poneys non vaccines servirent de te-
moins. On soumit tous les poneys a une in-
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fection de defi intra-tracheale, en utilisant une
dose de 9 x 109 C. equi, six semaines apres la
premiere vaccination. Ils survecurent a cette
infection, pour une a deux semaines. On
decela une transformation appreciable des
lymphocytes, chez deux des poneys vaccines, it
partir de la troisieme semaine apres la vac-
cination, et chez tous les poneys vaccines, a
la cinquieme semaine apres la vaccination.
On ne decela pas de transformation apprecia-
ble des lymphocytes, chez les poneys tdmoins,
avant leur infection. Les poneys vaccines,
tout comme les temoins, manifesterent une
transformation de leurs lymphocytes, apres
l'infection de defi. La vaccination ne donna
pas de protection appreciable contre une in-
fection de defi, sans doute a cause de l'utili-
sation d'une dose excessive de C. equi. Cer-
tains des poneys soumis a une infection de
defi developperent un faible taux d'anticorps
seriques. Les lesions pulmonaires des poneys
infectes ressemblaient a celles que provoque
la maladie naturelle, mais elles s'avererent
plus marquees.

INTRODUCTION

Corynebacterium equi is a bacterium
which causes a serious pneumonia in foals
(2,5,11,16,18,24) and tuberculous-like
changes in the cervical lymph nodes of
pigs (10). It has been recovered infre-
quently from pneumonic lungs in sheep (1),
cattle (12,20), pigs (23), immunosup-
pressed people (3) and from lymphadenitis
in a cat (14).

Purulent pneumonia in horses caused by
C. equi occurs throughout the world and is
primarily a disease of one to three month
old foals (2,8,11,16,18,24). The course of
the disease is generally one to two weeks,
is associated with a mortality rate of 65%
and may be responsible for up to 1-3% of
all foal deaths (9,22). Gross pathological
changes include bilateral suppurative bron-
chopneumonia with extensive lympha-
denitis and frequent involvement of the
mucosa of the large bowel (7,11,18). The
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disease is mainly an individual farm or
premises problem, is difficult to treat
effectively and seems to be increasing in
different parts of North America (22).
The organism is thought to be an in-
habitant of soil and to be widespread in
the environment (11,24). It is distinctly
different from typical members of the
genus Corynebacterium and is related to
the mycobacteria and nocardia, members
of which include soil saprophytes (21).

Control of the disease presents several
problems, in part because there is insuf-
ficient knowledge of the epidemiology and
pathogenesis of the disease. Treatment is
often unsatisfactory since severe patho-
logical changes may be present before
clinical disease is recognized. Vaccination
offers one approach to control of the dis-
ease on affected premises. It has been
known for years that horses sick with or
recovered from C. equi pneumonia show no
or only low agglutinating antibodies to
C. equii (6,11,18). An intradermal hyper-
sensitivity test was developed and about
half the horses studied showed a marked
reaction to the skin test, suggesting that
immunity was in part cell-mediated and
that infection was widespread in the
population studied (24). This evidence,
taken with the nature of the cellular re-
sponse seen in infection (16), suggests
that immunity to the disease is primarily
cell-mediated rather than humoral and that,
consequently, vaccination should be aimed
at stimulating a cellular rather than a
humoral response.
The purpose of the work described here

was: 1) to develop suitable antigens of
C. equi which could be used for in vitro
lymphocyte studies of vaccinated or in-
fected animals, 2) to use these antigens in
a lymphocyte-stimulation test to study the
cell-mediated response in such animals,
3) to determine the humoral antibody re-
sponse to vaccination or infection and
4) to determine whether the vaccination
procedures used would protect foals against
experimental infection.

MATERIALS AND METHODS

ANIMALS AND VACCINATION PROCEDURES

Six purebred Welsh Mountain foals aged
three weeks to two months were obtained
from a herd with no history of pneumonic

problems. They were divided randomly
into two groups in adjacent pens. Three
foals (numbered 1,2,3) were vaccinated at
a time designated week 0. They were re-
vaccinated four weeks later (week 3), and
both groups of foals were challenged intra-
bronchially with C. equi after six weeks
(week 5). Nonvaccinated foals were as-
signed numbers 4, 5, 6 for identification
purposes.
The organism used to vaccinate the foals

was obtained from the lung of a foal which
died of C. equi pneumonia. It was desig-
nated C. equi, Isolate 1 and had been stored
in liquid nitrogen since isolation. The
organism was cultured on trypticase soy
(TS) agar' in a Roux flask for 72 hours
and washed off with 0.3% formal phos-
phate buffer saline (PBS). The organism
was killed by suspension overnight at 37°C
in formal PBS, washed twice in formal
PBS and resuspended to give a concentra-
tion of approximately 3 x 1010 organisms
per mL PBS (3.19 mg lyophilized bacterial/
mL PBS). Aluminum hydroxide adjuvant
(35% v/v) (Rehosorptar, 2% aluminum
hydroxide absorptive gel)' was mixed with
the bacterial suspension and 2.5 mL of the
adjuvanted vaccine was injected deep into
the muscle at one site in the neck of the
three foals (nos. 1,2,3). The second vaccine,
administered at week 3, was prepared and
administered in the same way with the
exception that a lower concentration of
organisms was used (1 x 1010 organisms/
mL, 2.16 mg lyophilized bacteria/mL PBS).
Animals were observed following vaccina-
tion for signs of local reaction to the
vaccine.

EXPERIMENTAL INFECTION OF FOALS

Foals were infected six weeks after the
onset of the study by an intrabronchial
inoculation of 9 x 109 C. equi, Isolate 1
(viable count), suspended in 40 mL PBS.
Ponies were sedated with xylazine and
placed in lateral recumbency and following
local anaesthesia of the skin and under-
lying tissues of the neck a narrow poly-
thene catheter was introduced into the
trachea through a cannula and guided
towards the bronchi. The suspension was

'Difco Laboratories, Detroit, Michigan.

2Reheis Chemical Corporation, Phoenix, Arizona.
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administered once the animals coughed in
response to the irritation of the tube.
Animals were observed daily after infec-
tion. They were generally killed in extremis
with an overdose of a barbiturate solution.
Representative samples of all major organs
were collected at postmortem and fixed
in 10% buffered formalin. Fixed tissues
were routinely processed and sections were
stained with haematoxylin and eosin and
Brown and Brenn stain for bacteria. Sam-
ples of lung, bronchial lymph nodes, liver,
spleen, several levels of the intestinal tract
and mesenteric lymph nodes were sub-
mitted for bacteriological examination.

LYMPHOCYTE STIMULATION PROCEDURES

Preparation of antigens - C. eqoui, Isol-
ate 1 was cultured in TSB broth for 72
hours at 37°C. The cultures were harvested
by centrifuging at 10,000 x g for 30 min-
utes. The culture supernatant was filtered
through filters of pore size 0.45 ,um3 and
dialyzed against distilled water at 4°C for
three days. The dialyzed material was
lyophilized and used as antigen S. The
sediment from the centrifugation was
sonicated in a 100 watt ultrasonic dis-
integrator4 until a homogenate was ob-
tained. The homogenate was centrifuged
twice at 15,000 x g for 15 minutes to
remove cellular debris. The supernatant
was dialyzed for three days at 4°C and
lyophilized. This constituted antigen N.
Antigens were stored at -20°C until used.

Collection of blood - Blood was collected
weekly from the foals. Fifty mL of blood
was collected in sterile tubes containing
EDTA5 and 10 mL collected in a sterile
tube to obtain serum following clotting.
The serum was stored at -20°C for subse-
quent serological studies.

Lymphocyte separation - Blood was pro-
cessed for recovery of lymphocytes within
two hours of collection. The lymphocytes
were purified by a modification of the
Ficoll-Hypaque (FH) method (4). Briefly,
the blood was centrifuged at 400 x g for
ten minutes and the top portion of plasma
containing mainly platelets was discarded.

3Millipore Filter Corp., Bedford, Massachusetts.

4Virtis Model 16.850, Virtis Co., Gardiner, New York.

5vacutainer, Becton, Dickinson & Co., Mississauga, On.
tario.

The tubes were then centrifuged at 1500 x
g for ten minutes, the buffy coat removed
and suspended in 20 mL Seligman's balanced
salt solution (SBSS). Eight mL FH was
introduced under the buffy coat suspension
and the tube centrifuged for five minutes
at 1500 x g. The lymphocyte-rich fraction
was removed from the surface of the FH
and washed twice with SBSS and sus-
pended in tissue culture medium.' The
lymphocytes were counted in a haemocyto-
meter and resuspended to give a concentra-
tion of 1 x 10' cells per mL RPMI-1640,
containing 15% v/v fetal calf serum and
penicillin (100 ,g/mL) and streptomycin
(40 Pg/mL).
Lymphocyte culture - The cultured lym-
phocytes were dispensed in 2.5 mL quan-
tities into sterile tubes.7 Three tubes
were not inoculated with mitogens or anti-
gens and acted as control tubes. Phyto-
haemagglutinin (PHA-P)5 was added
to three tubes (5 ,uL/tube). Triplicate
cultures were also inoculated with two an-
tigen preparations designated S and N and
prepared as described above. Crude antigen
S was added to cultures to give a final
concentration of 200, 100 and 50 jitg of lyo-
philized antigen per mL of lymphocyte
culture. Antigen N was used at a final
concentration of 200, 100 and 50 ug of lyo-
lyophilized preparation per mL of culture.
After the third week (week 2) the con-
centration of N was changed to give 25,
12.5 and 6.25 ,ug/mL of culture medium.
Lymphocyte cultures were incubated

at 37°C in tightly sealed tubes for 72
hours. Cultures were pulsed with 1 ,uCi/
tube of methyl-tritiated-thymidine9 12
hours prior to the termination of the
cultures. Cells were harvested for liquid
scintillation counting as described (13)
using a semi automatic cell harvester."

Results for individual foals were ex-
pressed as the mean of the natural log
(in) of the counts per minute (cpm) of
triplicate cultures either with additives

SRPMI-1640, Grand Island Biological Company, Grand
Island, New York.

7Falcon 12 x 75 mm, Fisher Scientific Co., Toronto,
Ontario.

8Difco Laboratories, Detroit, Michigan.

9Amersham Corp., Oakville, Ontario.

°OTitertek cell harvester, Flow Laboratories, Rockville,
Maryland.
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(mitogen or antigens) or without addi-
tives (control cultures). Stimulation ra-
tios were calculated for comparison of
group of vaccinated and nonvaccinated
foals. A stimulation ratio was defined as:
(mean ln cpm of stimulated cultures) -
(mean ln cpm of control cultures).
Results were analysed statistically us-

ing a two tailed Student's t test.

SEROLOGICAL STUDIES

Tube agglutination test - Corynebac-
terium equi, Isolate 1, was cultured in
Roux flasks on TS agar at 37°C for three
days. The cultures were washed from the
agar and washed three times in sterile
PBS. They were suspended to an optical
density of 1.0 at 525 nm. Sera from the
foals taken weekly was serially diluted
from dilutions of 1:5 to 1:5120 in PBS
and an equal volume of the bacterial sus-
pension added. Tubes were incubated at
50°C for one hour and agglutination
recorded after overnight incubation at
room temperature. Tubes were kept for
indirect bacterial agglutination.

Antiglobulin test - Antisera to horse
globulins were prepared by injecting into
rabbits an ammonium sulphate precipita-
tion of horse serum suspended in
Freund's complete adjuvant."1 Antisera
obtained was diluted 1:40 (v/v) in PBS
prior to use in the antiglobulin test.
Once titres had been recorded in the bac-
terial agglutination test the tubes were
centrifuged and pellets washed once with
PBS, centrifuged and resuspended in 0.5
mL rabbit antihorse globulin suspension.
Tubes were left overnight at room tem-
perature and agglutination titres reread.

Passive haernagglutination - The meth-
od used was that described previously
(6) with the exception that the soluble
capsular antigen, extracted from the bac-
teria by heating in PBS at 56°C for 30
minutes, was lyophilized after dialysis in
distilled water for two days at 4°C.
Packed human group 0 red blood cells
(RBC) were incubated for two hours at
37°C in PBS with a quantity of lyophi-
lized material added (10 mg/100 mL PBS).

llDifco Laboratories, Detroit, Michigan.

Cells were then washed three times in
ordinary PBS. Foal sera were absorbed
with human Group 0 RBC and tests
were carried out as described.

All serological tests were done in du-
plicate.

RESULTS

VACCINATION PROCEDURES

No local reaction was observed at the
site of the first vaccine injection. After
the second vaccination one foal (number
2) developed a large painful swelling at
the site of inoculation. This was hand-
sized three days after inoculation but
was resolved by the seventh day. Foal
number 1 developed a small swelling
(five centimetres at three days) at the
inoculation site which was slightly pain-
ful and also was resolved by the seventh
day. The third pony (number 3) devel-
oped a pea-sized painless nodule at the
site by the third day after inoculation
which had disappeared by the seventh
day.

EXPERIMENTAL INFECTION OF THE FOALS

Little clinical difference was observed
between the two groups of experimental-
ly infected animals. The rectal temper-
atures of the vaccinated foals rose less
quickly than those of nonvaccinated ani-
mals in the first six days after infection
(102.5 ± 0.5°F on day 6 compared to
104.4 ± 0.4°F). Thereafter no difference
was observed between the two groups
in terms of the severity of the clinical
disease and time of death or euthanasia.
The clinical response was apparently a
function of size since the smaller foals
were more severely affected than the
larger foals and died or were euthanized
earliest. Foal number 4 (unvaccinated)
was killed eight days after infection,
foals number 2 and 3 (vaccinated) nine
days after infection and number 5 (un-
vaccinated) died on day 9 after infection.
Animals number 1 (vaccinated) and 6
(unvaccinated), the largest of the foals,
were killed 17 days after infection. All
foals ate well and remained bright and
alert until shortly prior to death or
euthanasia.
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PATHOLOGY

Gross pulmonary lesions, which were
unilateral, comprised massive consolida-
tion involving almost all the affected
lung in three ponies and at least 2/3 of
the organ in the other animals. Areas
of necrosis were prominent in the lungs
of two ponies (#5 and 6) and in one
of these (#5) liquefaction of necrotic
areas was advanced. The microscopic
changes were those of a suppurative
bronchopneumonia with varying degrees
of necrosis. Gram-positive coccoid bac-
teria were present within the pulmonary
macrophages which occurred in large
numbers in the exudate and also in multi-
nucleated giant cells, present at lower
frequency. The bronchial lymph nodes
of all ponies were markedly enlarged and
in two cases (# 1 and 5) contained foci
of necrosis. Histologically, there was ex-
tensive pyogranulomatous lymphadenitis
with variable degrees of necrosis. Gen-
eralized lesions consistent with septi-
caemia were seen in the only pony to
die naturally (#5). In one pony only
(#5), microscopic pathology in the colon
indicated C. equi infection. Detailed des-
cription of the pathology of these experi-
mental infections with C. equi will be
presented elsewhere.

C. equi was isolated in large numbers
from the affected lungs and bronchial
lymph nodes of all ponies and also, in
lesser numbers, from the lesion-free
lungs. Bacteraemia, indicated by positive
cultures from liver or spleen, occurred
in all six animals. C. equi was isolated
in high numbers from the large intes-
tines of three ponies (#1, 2 and 6).

LYMPHOCYTE STIMULATION

Results of lymphocyte stimulation stud-
ies are shown in Table I. A trial con-
centration of 200 tug per mL of culture
gave the greatest response for prepara-
tion S. Antigen N was toxic to lympho-
cytes at higher doses (50, 20 pug/mL)
and on occasion a concentration of 12.5 ,ug
per mL culture medium was toxic. A con-
centration of 6.25 ,ug per mL was there-
fore used in the later weeks.

Significant stimulation with antigen N
was observed in two vaccinated foals
(numbers 2 and 3) at week 2 and in all

vaccinated foals at week 4. No significant
stimulation was detected in nonvaccinat-
ed foals prior to challenge. All experi-
mentally infected foals, except foal num-
ber 2, showed significant lymphocyte
stimulation with antigen N from the first
week following challenge. Significant
lymphocyte stimulation in infected or
vaccinated foals was seen less common-
ly with antigen S.

Table II shows the comparison of the
group mean stimulation ratios between
vaccinated and nonvaccinated foals. No
statistically significant difference could
be detected between the two groups at
each week.

SEROLOGICAL STUDIES

Table III shows the results of the
bacterial agglutination and passive haem-
agglutination tests in vaccinated and
nonvaccinated foals.

Results of the indirect bacterial ag-
glutination (antiglobulin) test are not
shown. No obvious difference was de-
tected in the antiglobulin test between
the two groups of horses. Both groups
showed indirect agglutination titres of at
least 1:160 to 1:320, which on occasion
rose to 1:1280 in foals of either group.
Results were variable and difficult to re-
produce. The highest indirect agglutina-
tion titres were obtained with freshly
grown bacteria.

DISCUSSION

Immunity to C. equi infection is
thought to be primarily cell-mediated
rather than humoral (6,16) and for this
reason it was decided to use an adjuvant
with the bacterial cell vaccine. Cell-me-
diated immunity is greatly stimulated by
Freund's adjuvant but in horses the use
of this material results in severe local
and systemic effects (17). Aluminum
hydroxide was therefore chosen as an ad-
juvant since it is not toxic and in some
cases appears to stimulate a local hu-
moral and cell-mediated, as well as a
systemic humoral, immune response (19).
Local, but temporary reactions were seen
to the second vaccination injection but
whether this represented an immunolo-
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gically-mediated reaction remains to be
determined.

It is clear from the results shown in
Table I that animals experimentally in-
fected for one week with C. equi (week 6)
showed significant lymphocyte stimula-
tion with antigen N. In most cases the
stimulation response was more marked
than that generally seen in vaccinated
but uninfected animals. It is clear that
the vaccination procedure used also gave
rise to sensitized lymphocytes even
though not all foals showed this response
until the fifth week after initial vac-
cination.

Sensitized lymphocytes from vaccinated
or infected animals generally responded
more markedly to antigen N than to
antigen S, in which the concentration
of antigen present was probably low.
Antigen N was thus a suitable antigen
for use in these lymphocyte studies
although it was sometimes toxic to
lymphocytes at concentrations higher
than 6.25 ,ug per mL culture. This was
most marked, for example, in week 2
where the antigen concentration of 12.5
,ug was more toxic for lymphocytes from
nonvaccinated when compared to vac-
cinated foals. The reason for this dif-
ference is not known.

Sensitized lymphocytes were detected
in two vaccinated foals as early as the
third week after vaccination, were not
detected in the fourth week but were de-
tected again in the fifth week following
a booster vaccination. The lymphocyte
stimulation response following infection
with C. equi was in general more marked
than that observed following vaccination.
This increased response is apparent in
Table II where the group mean stimula-
tion ratio for infected foals (weeks 6 and
7) was compared to group mean stimula-
tion ratios of the previous weeks. Foal
number 2 responded poorly to antigen
N one week following infection. The rea-
son for this apparent poor response is
not clear.
No difference could be shown statis-

tically between the groups of foals in
terms of response to antigens, mitogens
or to challenge for any particular week.
Failure to show a difference was in part
owing to the small numbers of animals
and the large standard deviation between
the two groups. Since this work was
carried out the test has been refined
and far more uniform data have been
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TABLE III. Direct Bacterial Agglutination and Passive Haemagglutination Titres in Sera from
Vaccinated (1, 2, 3) and Nonvaccinated (4, 5, 6) Foals

Week 1 2 3 4 5 6
Numbers Ab He A H A H A H A H A H
5 20 - - - 10 -

6 10 160 5 - 10 320 - - - - 10 160
7 10 160 Died NDd NDd Died Died 10 160
&Sera from week 0 to 4 were negative in both testsb&actenal agglutination titre
ePassive haemagglutination titre
dNot done

obtained than that seen in the present
study. It is clear however from Table I
that individual foals showed significant
sensitization of lymphocytes following
vaccination and challenge infection.
The lymphocyte response to the mito-

gen phytohaemagglutinin showed great
variation between animals and from
week to week. No effect of vaccination
on this response could be detected (Table
II). In animals following challenge with
C. equi no change was apparent in the
response to phytohaemagglutinin, sug-
gesting that gross depression of T-lym-
phocyte reactivity was not involved in
the pathogenesis of the infection.
The cellular immune response detected

in vaccinated animals preceded the hu-
moral response, which was observed to
any degree only in some of the experi-
mentally infected animals. Results of
the serological response to vaccination
and infection (Table III) are in accord
with the findings of other authors that
at best only low levels of agglutinating
antibody develop (11, 18). The passive
haemagglutination test is more sensitive
than the agglutination test (6), but it
only detected a minor response in one
vaccinated and uninfected foal. Moderate
levels of indirect haemagglutinating anti-
body were detected in only half the in-
fected foals, although titres were as high
or higher than the titres described in a
previous study (6). In that study it was
also observed that serum from a foal
which died from C. equi pneumonia
showed no detectable serological res-
ponse. Results of the antiglobulin test
were difficult to interpret but suggested
that no incomplete antibodies developed
in vaccinated or infected horses.

Vaccination offered no protection
against experimental infection. The fact
that no protective effect was evident was
probably due to the large number of or-

ganisms used to challenge the foals. The
nature of the pathological changes also
indicated that these provided an over-
whelming challenge.
The pathological changes observed

were compatible with those described by
others (7, 11, 15, 18) but changes in the
lungs were more fulminating than usual-
ly observed in the natural disease. Chal-
lenging the animals in lateral recum-
bency resulted in severe changes being
limited to one side of the lung. A large
number of organisms was used to chal-
lenge foals in view of the difficulty
some workers (8) experienced in infect-
ing foals. A more realistic method of
challenge was probably that adopted by
Flatla (11) who observed the disease
about three weeks following the feeding
of C. equi cultures to young foals.
There is evidence that C. equi behaves

as an intracellular parasite and that
immunity is cellular rather than humoral
(16, 24). The results presented here sug-
gest that it is possible to produce a cell-
mediated response to C. equi in foals
using an adjuvant vaccine. The bacte-
rium possesses both species specific cap-
sular (6) and somatic antigens (5) and
it is probable that one typical C. equi
isolate could be used in a vaccine for
general use in horses; on a premise
where C. equi pneumonia is a problem
then an isolate originating from this
source might offer the additional ad-
vantage of appropriate type-specific an-
tigens (5). It is not known however which
antigens confer protection in horses
against disease caused by C. equi

Further work is required on the op-
timal means of producing artificial im-
munity to C. equi pneumonia in foals.
Information is needed as to the role of
the various antigens of C. equi in the im-
mune response, and the number of vac-
cinations and the appropriate type of
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adjuvant required to produce protection
also requires investigation. The vaccina-
tion of the dam with C. equi prior to par-
turition and the effect of passive trans-
fer of immunity through colostrum may
also be worth exploring. Antigen N de-
scribed in this paper seems to be a prep-
aration suitable for assessing the effect
of vaccination on the sensitization of
lymphocytes. We are currently assessing
the use of antigen N in lymphocyte stimu-
lation tests for the diagnosis of C. equi
infections.

ACKNOWLEDGMENTS

Ontario Ministry of Agriculture and
Food, and the Ontario Racing Commis-
sion for financial support. C. Hazlett for
advice -on lymphocyte stimulation assays.
Dr. R. Greenhill for the experimental
infection.

REFERENCES

1. ADDO, P. B. and S. M. DENNIS. Ovine pneumonia
caused by Corynebacterium equi. Vet. Rec. 101: 80.
1977.

2. BAIN, A. M. Corynebacterium equi infections in
the equine. Aust. vet. J. 39: 116-121. 1963.

3. BERG, R., H. CHMEL, J. MAYO and D. ARM-
STRONG. Corynebacterium equi infection complicat-
ing neoplastic disease. Am. J. clin. Path. 68: 73-77.
1977.

4. BOYUM, A. Isolation of mononuclear cells and
granulocytes from human blood. Scand. J. clin. lab.
Invest. 21: 77-89. 1968.

5. BRUNER, D. W. and P. R. EDWARDS. Classifica-
tion of Corynebacterium equi. Kentucky Agric. Exp.
Sta. Bull. 414: 92-107. 1941.

6. CARTER, G. R. and G. A. HYLTON. An indirect
hemagglutination test for antibodies to Corynebac-
terium equi. Am. J. vet. Res. 35: 1398-1395. 1974.

7. CIMPRICH, R. E. and J. R. ROONEY. Corynebac-
terium equi enteritis in foals. Vet. Path. 14: 95-102.
1977.

8. DIMOCK, W. W. and P. R. EDWARDS. Corynebac-
terium equi in pneumonia in foals. J. Am. vet. med.
Ass. 79: 809-812. 1931.

9. FARELLY, B. T. Corynebacterium equi infection
in foals in Ireland. Irish vet. J. 23: 231-232. 1969.

10. FELDMAN, W. H., H. E. MOSES and A. G. KARL-
SON. Corynebacterium equi as a possible cause of
tuberculous-like lesions of swine. Cornell Vet. 30:
465-481. 1940.

11. FLATLA, J. L. Jnfeksjon med. Corynebacterium
equi hos f011. Norsk VetTidsskr. 54: 322-327. 1942.

12. HOLTMAN, D. F. Corynebacterium equi in chronic
pneumonia of the calf. J. Bact. 49: 169-162. 1945.

13. HURTZMAN, R. J., M. L. BACH and F. H. BACH.
Precipitation of radio-actively labelled samples: A
semiautomatic multiple-sample processor. Cell. Im-
munol. 4: 182-186. 1972.

14. JANG, S. S., A. LOCK and E. L. BIBERSTEIN. A
cat with Corynebacterium equi lymphadenitis clin-
ically simulating lymphosarcoma. Cornell Vet. 65:
223-239. 1975.

15. JUBB, K. V. F. and P. C. KENNEDY. Corynebac-
terium equi in foals. Pathology of Domestic Animals.
Volume 1, 2nd edition, p. 323. New York: Academic
Press. 1970.

16. KNIGHT, H. D. Corynebacterial infections in the
horse: problems of prevention. J. Am. vet. med. Ass.
155: 446-452. 1969.

17. LAZARY, S., A. L. DEWECK, V. SCHATZMANN,
R. STRAUB and H. GERBER. Lymphocyte culture
and serological techniques for investigation of hyper-
sensitivity to various antigens in horses. Proc. 3rd
Int. Conf. Equine Infectious Diseases. Paris. 1972.
pp. 438-447. Basel: Karger. 1973.

18. MAGNUSSON, H. Pyaemia in foals caused by
Corynebacterium equi. Vet. Rec. 50: 1459-1468. 1938.

19. McCANDLISH, I. A. P., H. THOMPSON and H. N.
WRIGHT. Vaccination against canine bordetellosis
using an aluminium hydroxide adjuvant vaccine.
Res. vet. Sci. 25: 51-57. 1978.

20. MOITRA, A. K. Incidence of Corynebacterium equi
in bovine pneumonic lungs. Indian vet. J. 49: 978-
974. 1972.

21. REDDY, C. A. and M. KAO. Value of acid metabolic
products in identification of certain Corynebacteria.
J. Clin. Micro. 7: 428-433. 1978.

22. REPORT. Report of the foal pneumonia panel. Mor-
ris Animal Foundation, U.S.A. 1978.

23. THAL, E. and L. RUTQVIST. The pathogenicity
of Corynebacterium equi for pigs and small lab-
omatory animals. Nord. VetMed. 11: 298-304. 1959.

24. WILSON, M. M. A study of Corynebacterium equi
infection in a stud of thoroughbred horses in Vic-
toria. Aust. vet. J. 31: 175-181. 1955.

364 Can. J. comp. Med.


