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STUDffiS ON THE ENHANCEMENT OF IMMUNITY TO 
CORYNEBACTERIUM PSEUDOTUBERCULOSIS 

C. M. CAMERON and W. J. P. FULS, Veterinary Research Institute, Onderstepoort 

ABSTRACT 

CAMERON, C. M. & FULS, W. J . P., 1973. Studies on the enhancement of immunity to 
Corynebacterium pseudotuberculosis. Onderstepoort J. vet. Res. 40 (3), 105-114 (1973). 

Experiments were undertaken to enhance the immune response of mice, guinea pigs and sheep 
to C. pseudotuberculosis vaccine. 

The antibody response of guinea pigs was not increased either by the simultaneous administration 
of formalin inactivated vaccine and heterologous live vaccine, or by vaccines grown on special media 
and extracted with ether : ethanol or sodium Iaury! sulphate, or by endotoxin. 

In mice and sheep the immunity was not enhanced either by the intravenous administration 
of i~activated vaccines or by the subcutaneous injection of live vaccines prepared from avirulent 
strams. 

In sheep an inactivated vaccine, concentrated tenfold, caused a moderate increase in the anti
bo?y titre and there was a marked improvement in their immunity. Such sheep were markedly more 
resistant to the lethal effects of a subacute infection of living bacteria than those that received 
standard inactivated vaccine. 

It is concluded that concentrated C. pseudotuberculosis vaccine does not confer an absolute 
imm~nity but it would be of value when used shortly before possible exposure to infection, e.g. 
sheanng. 

INTRODUCTION 

Cameron, Minnaar, Engelbrecht & Purdom (1972) 
showed that Merino sheep could be successfully im
munized against a subacute infection of Coryne
bacterium pseudotuberculosis by administering two 
subcutaneous injections of 5,0 ml formalin inactivated 
vaccine containing 0,5% packed cells precipitated 
with aluminium phosphate gel. This vaccine also 
conferred a high degree of immunity to mice (Cameron 
& Minnaar, 1969). 

Moreover, sheep could be partially protected against 
a chronic infection. Although immunized sheep were 
capable of destroying the majority of bacteria, or of 
effectively restricting their multiplication, sufficient 
numbers survived which eventually gave rise to 
abscesses. 

In this study two possible methods of enhancing the 
antibody response to C. pseudotuberculosis were in
vestigated - artificial stimulation of the immunological 
system of the host and the preparation of a more anti
genic antigen. 

The commonest method of stimulating the immuno
~ogical syste~ artificially is to incorporate adjuvants 
mto the vaccme. Although this proved ineffective in a 
previous investigation (Cameron et a/., 1972), the 
effect of an oil adjuvant formulated by Thomson, 
Batty, Thomson, Kerry, Epps & Foster (1969) and of 
a vaccine prepared from cell walls was studied. The 
former adjuvant gave excellent results with clostridial 
antigens (Thomson et a/., 1969) while the cell wall 
vaccine emulsified in oil gave good immunity against 
tuberculosis to mice (Ribi, Larson, Wicht, List & 
Goode, 1966). 

The immune response of the host can also be sti
mulated by the injection of live bacteria that exhibit 
an intracellular parasitism, e.g. Brucella, Mycobacteria 
and Salmonella. These bacteria provoke a cell re
sponse which not only results in a certain degree of 
non-specific resistance but also enables the host to 
respond to another antigen more effectively (Mack
a~ess & Blanden, 1967). This response was also studied 
With respect to C. pseudotuberculosis. 
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Since bacterial endotoxin derived from Gram nega
tive bacteria is known to stimulate the antibody re
sponse to protein antigens (Johnson, Gaines & Landy, 
1956), its effect on the response to C. pseudotuber
culosis was tested. 

The quality of a bacterial antigen can be influenced 
by the culture medium on which it is produced 
(Ekstedt & Yoshida, 1969). The antibody response to 
C. pseudotuberculosis vaccines prepared from bacteria 
grown on three different media was therefore com
pared in guinea pigs. An attempt was also made to 
improve the antigens by using broken bacteria or 
bacteria whose toxic surface lipid had been removed by 
extraction. 

C. pseudotuberculosis is a facultative intracellular 
parasite (Jolly, 1965 a & b) and, as pointed out pre
viously, effective immunity may be dependent not 
only on adequate levels of circulating antibody but 
also on cellular immune mechanisms (Hard, 1969; 
Cameron et al., 1972). However, experiments in which 
hyperimmune rabbit serum was used to protect mice 
passively proved that this is definitely not the case in 
these animals (Cameron & Engelbrecht, 1971). In 
sheep humoral immunity alone may be insufficient 
and the use of live vaccine to induce a cellular immuni
ty might enhance their immune response (Mackaness 
& Blanden, 1967). Live vaccines prepared from aviru
lent strains were therefore administered to mice and 
sheep and the degree of immunity induced compared 
with the immunity conferred by killed vaccines pre
pared from virulent strains. 

If, on the other hand, humoral immunity is the 
only mechanism of immunity the antibody levels ob
tained by conventional methods of immunization may 
be inadequate to confer a solid protection. To in
vestigate this possibility killed or live vaccine was 
administered intravenously to sheep. 

In mice good immunity can be induced with as little 
as 0,2 mg dry bacteria (Cameron & Minnaar, 1969) 
but it was subsequently found that better protection 
is obtained when larger doses are used (Cameron & 
Engelbrecht, 1971). In sheep, however, a fourfold 
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increase in the vaccine dose did not improve the anti
body response (Cameron et a/., 1972). The vaccine 
was therefore concentrated tenfold and evaluated in 
guinea pigs and sheep. 

MATERIALS AND METHODS 

Bacterial strains 
C. pseudotuberculosis strain 137B, originally ob

tained from Prof. H. R. Carne*, was used for pre
paring inactivated vaccine as well as for challenge of 
experimental animals. Strain 133A was obtained from 
Mr. R. F. Jones* while strains 5113C (NH) and 
12624 were isolated locally from caseous lympha
denitis in a goat and a sheep respectively. 

Preparation of vaccines 
Formalin inactivated vaccine (containing alumi

nium phosphate adjuvant) was prepared from strain 
137B grown on CB2 medium (Cameron et a/., 1972). 
Details of the variations in the production procedures 
used in this study are given in the next section. 

Assay of immunity 
Mice and sheep were immunized by the general 

procedures outlined previously (Cameron & Minnaar, 
1969; Cameron eta/., 1972). Specific variations in the 
basic procedure are given with the particular experi
ment under the next heading. 

Immunized mice were challenged by injecting live 
bacteria intravenously 2 weeks after the last injection 
of vaccine .and the cumulative deaths were recorded 
for 2 weeks (Cameron & Minnaar, 1969). Experi
mental sheep were exposed to infection as described 
by Cameron eta/. (1972). 

The antibody response in guinea pigs and sheep was 
followed by means of an agglutination test (Cameron 
eta/., 1972). 

RESULTS 

Pathogenicity and cultural characteristics of C. pseudo
tuberculosis 

The pathogenicity to mice of the four strains of 
C. pseudotuberculosis was compared by injecting 
various quantities of live bacteria intravenously and 

TABLE 1 Pathogenicity of C. pseudotuberculosis strains for mice 

Dose Deaths per 10 
Strain per mice during 

mouse 14 days 

137B 10' 10 
106 10 
105 3 
104 3 

12624 10 7 10 
106 10 
105 8 
104 3 

133A 10' 10 
106 1 
1o• 2 
104 0 

5113C(NH) 10' 6 
106 0 
105 0 
104 0 

*Department of Veterinary Pathology, University of Sydney 
N.S.W., Australia. ' 
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recording the deaths for 14 days. The procedure used 
has been described previously (Cameron & Minnaar, 
1969) and the results are shown in Table I. 

It is clear that strains 133A and 5113C (NH) were 
at least ten times less virulent than the strains 12624 
and 137B. It was subsequently found that mice were 
not killed by the subcutaneous injection of 1-5 x 107 

live bacteria of strains 133A and 5113C (NH). 
These two strains were also less virulent to guinea 

pigs than 12624 and 137B. Whereas 1-5 x 108 live 
bacteria of the virulent strains injected subaneously 
into guinea pigs were lethal within 4 days similar 
numbers of bacteria of strains 113A and 5113C (NH) 
produced occasional local lesions only. 

The cultural characteristics of the strains were also 
investigated. As shown in Table 2, they can be dif
ferentiated from one another on their ability to grow 
as a pellicle on CB2 broth and the production of 
haemolysis on bovine blood tryptose agar plates. 

TABLE 2 Differentiating cultural features of C. pseudotuber
culosis strains 

Haemolysis on Pellicle forma-
Strain bovine BTA tion on CB2 

137B 
12624 
133A 

5113C(NH) 

plates broth 

++ 
++ 

++ 

The antibody response in different hosts 
The antibody response to standard aluminium 

phosphate vaccine was compared in groups of six 
each Merino and Dorper sheep, Angora and Boer 
goats, calves, 8 rabbits and 12 guinea pigs. The vaccine 
was administered in two subcutaneous injections 4 
weeks apart. The calves were given 10 ml, sheep and 
goats 5 ml, rabbits 2 ml and guinea pigs 1 mi. 

The antibody titres obtained after administration 
of C. pseudotuberculosis vaccine to the different host 
animals are shown in Fig. 1. Although the dosages 
used are not necessarily comparable the agglutination 
titres obtained in guinea pigs and rabbits were con
sistently higher than the titres obtained in larger 
animals. There were no appreciable differences in the 
titres observed in the two breeds of sheep, the two 
breeds of goats and the calves. 

Influence of altered antigen on the antibody response 
Bacteria were extracted either with Ether: Ethanol 

(EE) as described by Cameron, Minnaar & Purdom 
(1969) or with sodium lauryl sulphate (SLS). For the 
latter extraction a 5% (m/v) suspension of bacteria 
was added to a 2% solution of sts and stirred for 
18 h at 37°C. The bacteria were .then concentrated 
by centrifugation, their density adjusted to 1% packed 
cells and inactivated by the addition of0,5% formalin. 
This vaccine, as well as that prepar~d from EE treated 
cells, was precipitated with aluminium phosphate gel 
to give a final concentration of 0,5% packed cells. 

Vaccines used to investigate the influence of the 
medium on the antigenicity of the organism were 
prepared from bacteria cultured either in a medium in 
which the nutrient broth was replaced with Brain 
Heart Infusion (BHI) (Difco)t or in CB2 medium to 
which 100 mg/ml L-tyrosine was added after steriliza
tion. 

t Difco Laboratories, Detroit, Michigan, U.S.A. 
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FIG. 1 Antibody response of different host animals to C. pseudotuberculosis vaccine 

The above four vaccines were assayed in groups of 
eight guinea pigs. Each guinea pig was given two sub
cutaneous injections of 1,0 ml each at an interval of 
four weeks. They were bled at weekly intervals for 
eight weeks and the antibody titres of the sera were 
determined by means of an agglutination test. 

There was no essential difference between the anti
body response stimulated by vaccines prepared from 
bacteria which were extracted with SLS or EE and 
vaccine prepared from untreated bacteria (Fig. 2). 
Moreover there was no difference in the agglutination 
titres of guinea pigs immunized with vaccines pro-
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duced in BHI or tyrosine enriched medium as com
pared with standard vaccine. 

Influence of non-specific stimulation on the antibody 
response 

Attempts were made to stimulate the antibody re
sponse with live heterologous vaccines and endotoxin 
using the following products : 

Mycobacterium tuberculosis (BCG) (Glaxo) ; Bru
cella abortus strain 19 (Onderstepoort vaccine) ; 
Salmonella typhimurium 2656 34 X and S. dublin 
1/17/5 (Onderstepoort paratyphoid vaccine ; and 
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FIG. 2 Antibody response in guinea pigs given C. pseudotuberculosis vaccines of which the antigens had been altered. 

107 



ENHANCEMENT OF IMMUNITY TO CORYNEBACTERIUM PSEUDOTUBERCULOSIS 

Escherichia coli endotoxin prepared from serotype 
055 :B5 (Buxton & Allan, 1963). 

Groups of six guinea pigs were given either 1,0 ml 
BCG, S19 or paratyphoid vaccine which contained 
106, 1010 or 108 live bacteria respectively 4 days before 
or simultaneously with the standard C. pseudotuber
culosis vaccine. Groups of six guinea pigs were treated 
with 100 /kg E. coli endotoxin subcutaneously either 
4 days before or simultaneously with C. pseudo
tuberculosis vaccine. The dose of endotoxin (lipopo
lysaccharide) per guinea pig was based on the findings 
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of Farthing & Holt (1962) who showed that from 10 
to 500 /kg of E. coli lipopolysaccharide enhanced 
antibody production. 

Antibody titres obtained when live BCG, Sl9, 
Salmonella organisms or E. coli endotoxin were given 
to guinea pigs 4 days before administration of stan
dard C. pseudotuberculosis vaccine are shown in Fig. 
3a; those obtained when the substances were given 
simultaneously with the vaccine are illustrated in Fig. 
3b. In both instances it is clear that there was no 
stimulatory effect. 
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6 8 

FIG. 3a Effect of live heterologous vaccines and endotoxin given 4 days before killed C. pseudotuberculosis vaccine on the antibody 
response of guinea pigs 
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FIG. 3b Effect of live heterologous vaccines and endotoxin given simultaneously with killed C. pesudotuberculosis on the antibody 
response of guinea pigs 
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Fro. 4 Antibody response of sheep given dead vaccine intravenously (iv) Arrows indicate when injections were given 
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FIG. 5 Immunization of mice with live avirulent bacteria 

Immunization with inactivated vaccine given intra
venously 

Vaccine containing oil adjuvant (oil adjuvant 
vaccine) was prepared from a 6% suspension of 
formalin killed bacteria (Thomson et a/., 1969). The 
cell wall vaccine was prepared from dry cell walls as 
described by Anaker, Ribi, Tarmina, Fadness & 
Mann (1969) and modified by Cameron eta/. (1969). 

Thirty-two Merino wethers were divided into four 
groups of eight animals. Group 1 was given an initial 
subcutaneous injection of 2,0 ml of standard alumi
nium phosphate vaccine (1,2% packed cells) followed 
by two intravenous injections of vaccine without ad
juvant at intervals of 3 weeks. Group 2 was similarly 
treated but the first injection consisted of 2,0 ml oil 
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adjuvant vaccine. Group 3 was given two intravenous 
injections of 2,0 ml cell wall vaccine at an interval of 
6 weeks. Group 4 served as controls. Agglutination 
tests were done at two-weekly intervals and the sheep 
were challenged 2 weeks after the last injection. 

The antibody titres obtained in Groups 1 to 3 of 
these sheep are shown in Fig. 4. The cell wall vaccine 
gave almost no response and the antibody titres in the 
other two groups were lower than the titres which 
developed after two subcutaneous injections of 
vaccine. 

Unfortunately the exposure of the animals to in
fection was a failure as the infection rate in the control 
group was very low and variable. 
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Immunity produced by live vaccines 
Live C. pseudotuberculosis vaccine was prepared 

according to the same procedure used for preparing 
challenge material for mice (Cameron & Minnaar, 
1969). The vaccine was stored at -20oC and the 
number of live bacteria in aliquots determined by 
plate counts. 

(a) Mice. When live vaccine was used the frozen 
cultures were diluted to give 5 x 107 bacteria per mi. 
To assess and compare the immunizing potency of 
live avirulent strains of C. pseudotuberculosis, groups 
of 20 mice were given a single subcutaneous injection 
of 107 live bacteria of the respective strains. At this 
dosage level strains 12624 and 137B produced local 
lesions but did not kill the mice while strains 133A 
and 511 3C (NH) caused no detectable reaction. 

The mice were challenged 2 weeks later and the 
cumulative deaths recorded. The results shown in Fig. 
5 represent ·the data from three experiments and de
monstrate that although a good immunity is obtained 
with a single injection of live bacteria, a more solid 
immunity is produced when two injections are used. 

(b) Guinea pigs. Thirty-two guinea pigs were divided 
into four groups of eight animals each. Two groups 
received a single subcutaneous injection of either 
1 x 108 or 5 x lOS live bacteria of strain 5113C 
(NH) while the remaining groups were treated with 
two subcutaneous injections of 1 ml of either standard 
aluminium phosphate vaccine or oil adjuvant vaccine. 

Agglutination tests were done at two-weekly inter
vals and the results are summarized in Table 3. The 

titres in the groups which received live vaccine were 
somewhat higher and persisted for a longer period. 

(c) Sheep. Live homologous vaccines prepared from 
Strain 133A were tested in three groups of six sheep 
each. Group A was given a single subcutaneous in
jection 2 weeks before challenge. Group B received 
two subcutaneous injections 4 weeks apart while 
Group C was given one subcutaneous injection 
followed by two intravenous injections 2 weeks apart. 
A fourth group of sheep was immunized in the same 
way as Group C but strain 5113C (NH) was used. 
The frozen vaccines were diluted to contain 5 x lOS 
bacteria per ml and a dose of 2,0 ml was used in both 
cases. 

Agglutination titres were determined at two-weekly 
intervals and the sheep were challenged 2 weeks after 
the last injection of vaccine. 

A good immunity was observed in the groups which 
received live vaccine intravenously (Fig. 6), and it was 
associated with a pronounced antibody response 
(Fig. 7). In the groups which received live vaccine 
subcutaneously the antibody response was poorer 
than that obtained with dead vaccine and the resist
ance to infection was feeble. 

Effect of dosage rate 
When tenfold concentrated vaccine was required 

1,0 1 of inactivated culture (1,0% packed cells) was 
allowed to stand at room temperature for 48 h before 
900 ml of the supernatant fluid was removed. The re-

TABLE 3 Agglutinin response of guinea pigs to dead and live C. pseudotuberculosis vaccine 

Average agglutinin titres 

Vaccine Weeks after 1st injection 

0 2 4 6 8 

Aluminium phosphate adjuvant 1:17 1:26 1:32 1:50 1:17 

Oil adjuvant nt 1:25 1:32 1:47 1:14 

5113C (NH) live 5 x 10 8 nt 1:26 1:34 1:62 1:50 

5113C (NH) live 1 x 10 8 nt 1:42 1:84 1:96 1:89 

nt = not tested 

TABLE 4 Antibody response in sheep given standard and tenfold concentrated vaccine 

Average agglutination titres 

Groups Weeks after first injection 

0 3 6 8 

Standard vaccine 1:15 1:42 1:26 1:90 
Concentrated vaccine 1:15 1:34 1:28 1:145 
Control 1:15 1:15 1:15 1:15 

110 



C. M. CAMERON & W. J. P. FULS 

400 

(I) 

Ol c 
.2 
.J::. -0 
..0 

.!: 
(I) 200 Q) 
(I) 
(I) 
Q) 
() 
(I) 

..0 
<( 

100 

FrG. 6 Immunity of sheep given live vaccines 
Group A Strain 133A - 1 subcutaneous injection 
Group B Strain 133A - 2 subcutaneous injections 
Group C = Strain 133A - 1 subcutaneous and 2 intravenous injections 
Group D = Strain 5113(NH) -1 subcutaneous and 2 intravenous injections 
Group E = Non-immunized controls 

D 

Each bar represents the number of abscesses in the lungs of a single individual sheep (6 sheep in a group) 

II) 

l!! 
~ 
0:: 
0 ·;::; 

80 .... 
0:: 
·~ 
c;, 
0> 

"' 'iii e 40 

c. 
'2 
a: 

20 

10 

•--• =Strain 133A -1 subcutaneous and 2 intravenous injections 

e-e = Strain 133A-2 subcutaneous injections 

x-x = Strain 133A 1 subcutaneous injection 

.\-A= Strain 5113C (NH) -1 subcutaneous and 2 intravenous injections • 

• 
xt--------x 

'~ 
0 2 4 

Weeks 
6 

FIG. 7 Antibody response in sheep given live vaccines. The arrows indicate when the injections were given 

111 

E 



ENHANCEMENT OF IMMUNITY TO CORYNEBACTERIUM PSEUDOTUBERCULOSIS 

maining 100 ml was then mixed with an equal volume 
of aluminium phosphate gel. 

(a) Guinea pigs. Two groups of 12 guinea pigs were 
immunized with standard aluminium phosphate ad
juvant vaccine and a tenfold concentrated vaccine 
respectively. In six of the animals from each group 
the 1,0 ml dose was given at five different sites in 0,2 
ml amounts. 

~ 
c 
·8 
CD c 
~ 

The serum agglutination titres of guinea pigs which 
received standard or tenfold concentrated vaccines 
were followed for 8 weeks and the results obtained 
plotted in Fig. 8. As the titres fluctuated considerably, 
no clear conclusion can be drawn regarding the value 
of a highly concentrated vaccine. 

(b) Sheep. Two groups of eight Merino wethers 
were immunized with two subcutaneous injections of 
5,0 ml standard or tenfold concentrated inactivated 
aluminium phosphate adjuvant vaccine respectively. 
The two d,oses of vaccine were given 6 weeks apart 
and the sheep were challenged 2 weeks after the second 
injection. The antibody titres are given in Table 4. 
There was not much difference between the two groups 
after the first injection but after the second injection 
the mean titre was notably higher in the group which 
had received concentrated vaccine. 

Unfortunately the challenge dose was too high and 
the majority of the sheep died within a week. Insuffi
cient animals survived for 4 weeks and therefore 
autopsies were not carried out to determine the num
ber of abscesses in their lungs. 

The cumulative death rates are plotted in Fig. 9. 
The three groups showed marked differences. Seven 

of the eight non-immunized control sheep died within 
6 days. In the group that received concentrated vac
cine the first animal died on the 6th day and only after 
24 days had 50% of this group succumbed. The group 
which received the standard vaccine was more resistant 
than the control group. 

DISCUSSION AND CONCLUSIONS 

Caseous lymphadenitis in sheep is a chronic disease 
characterized by abscess formation in various lymph 
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nodes and, because of its protracted pathogenesis and 
the apparent lack of immunity after natural infection, 
it poses certain unique immunological problems. One 
important practical complication is the great difficulty 
with which the natural disease can be simulated. 
Although a technique has been devised whereby a 
chronic purulent pneumonia can be established in 
sheep, the number of experimental animals which can 
be used is limited. Consequently most of the im
munological work on C. pseudotuberculosis has been 
done in mice. While mice can be readily immunized 
(Cameron & Minnaar, 1969) this is not the case in 
sheep (Cameron eta!., 1972). 

In this series of experiments various attempts were 
made to enhance immunity but all the procedures with 
non-specific stimulation failed. Similarly, the applica
tion of live vaccines did not afford a sound immunity. 
Although live vaccine given subcutaneously to guinea 
pigs gave a better antibody response than killed vac
cine, this was not the case in sheep. The sheep de
veloped a high antibody titre only when the live 
bacteria were administered intravenously. These sheep 
exhibited a good immunity and, as in the case of mice 
(Cameron & Engelbrecht, 1971) it appears that the 
humoral antibody level, and not cellular immunity, 
is the primary mediator of resistance to C. pseudotuber
culosis. 

The poor results following subcutaneous injection 
of live vaccine are possibly due to the efficiency with 
which the organisms are sequestered. A thick fibrous 
capsule rapidly developed around the injected material 
forming a thick-walled abscess and this effectively 
prevented · the bacteria from coming into contact 
with the host's immunological system. Encapsulation 
is not as marked in guinea pigs. 

It was, however, found that the dose of vaccine used 
markedly influenced the degree of immunity which 
was established. The antibody response in groups of 
guinea pigs and sheep which received tenfold con
centrated inactivated vaccine was not exceptionally 
high but when the sheep were exposed to infection 
it was found that they were more resistant. Although 
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Fro. 8 Antibody response in guinea pigs given standard and tenfold concentration vaccine 
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0 --0 = Sheep immunized with tenfold concentrated vaccine 
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FIG. 9 Immunity in sheep given standard and tenfold concentrated aluminium phosphate vaccine 

an absolute immunity could not be established it is 
important to note that the challenge doses used were 
vastly in excess of any infection encountered under 
natural conditions. The concentrated vaccine may 
therefore prove to be effective when used under field 
conditions. This can only be proved by extensive and 
carefully controlled field trials. In the absence of this 
information and because the antibody response is so 
brief the suggestion made by Cameron et a!. (1972) 
is reiterated, namely that the vaccine be administered 
shortly before possible exposure to infection, e.g. 
shearing, so that the animals will have maximum pro
tection during exposure. 
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