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A BSTRACT 

CAMERON , C. M . & E NGELBRECHT, M A RIA, M . Mechanism of immun ity to C ory nebacterium 
pseudotuberculosis (Buchanan, 1911) in mice using inactivated vaccine. Onderstep oorl ]. vet. R es. 38 (2), 73-
82 (1971). 

Mice can be passively protected against infection w ith C ory nebacterium p seudotubermlosis w ith hyper
immune rabbit serum prepared against whole bacterial cells. T he mechanism of immunity depends on 
the inhibition of secondary multiplication of the bacteria, not on antitoxic activity or enhanced phagocy
tosis and destruction . 

Passive transfer of macrophages obtained from mice immunized with inact ivated vaccine to suscept
ible mice which were subsequently challenged showed that the macrophages have no specific Immun!Zlng 
properties. 

INTRODUCTION 

In previous publications it was reported that mice 
can be adequately protected against subacute infection 
with Corynebacterium pseudotuberculosis (Buchanan, 1911) 
when they are immunized with whole bacteria alone, 
and it has also been shown that the antigen which is 
responsible for inducing the protective immunity is 
located primarily in the cell wall (Cameron & Minnaar, 
1969; Cameron, Minnaar & Purdom, 1969). 

During routine testing of vaccine it was, however, 
found that an absolute immunity was not always ob
tained. Although the death rate was markedly reduced, 
occasionally immunized mice eventually succumbed 
to infection if they were observed for a period of 3 
weeks or longer. It seemed as though the bacteria used 
for challenge were usually destroyed completely, but in 
rare instances a few organisms survived and were able 
to multiply and eventually cause a lethal infection. I t is 
common knowledge that in certain bacterial diseases 
the defence mechanisms are essentially humoral; in 
some, specific levels of antitoxin will afford total pro
tection while in others opsonization and effective 
phagocytosis is critical for an effective immunity. In 
other bacterial diseases such as tuberculosis, listeriosis, 
brucellosis and tularaemia, cellular immunity is of prime 
importance. In these instances enhanced reactivity of 
the phagocytic cells, particular! y the macrophages, is 
essential in order to afford a solid immunity (Mackaness 
& Blanden, 1967). A noteworthy characteristic of the 
diseases mentioned above is that the causative organisms 
are all intracellular parasites. 

It must also be realized that inactivated vaccines are 
of doubtful value as immunizing agents against these 
infections; significant immunity can only be obtained 
if live vaccines are used. 

C. p seudotuberculosis is also a facvltative intracellular 
parasite and, in view of the fact~ mentioned above, 
cellular immunity may be necessar·y in order to afford 
solid protection. Experiments were therefore conducted 
to discover whether humoral or cellular immunity is 
primarily responsible for protecticin and to follow the 
changes in the bacterial population after infection of 
immunized and non-immunized mice. 
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MAT E RI ALS AN D METHODS 

Strain of bacteria 
C. p seudotuberculosis strain 137B was originally ob

tained from Prof. H . R. Carne* and was used for 
preparation of vaccine as well as for challenge of 
experimental mice. 

Preparation of vaccine 
Aluminium phosphate ad juvant vaccine suitable for 

administration to sheep was prepared as described 
previously (Cameron & Minnaar, 1969). It contained a 
final concentration of either 0,5 or 1,25 per cent packed 
cells. This is equivalent to about 0,1 or 0,25 mg per 0,2 
ml mouse dose respectively. 

For the preparation of oil adjuvant vaccine, 50 mg of 
washed dry bacteria were suspended in 5,0 ml of 0,85 
per cent NaCl containing 0,5 per cent formalin. After 
standing at room temperature overnight, the suspension 
was emulsified with 5,0 ml Freund's complete adjuvant 
(Difco)**. The final vaccine thus contained 0,25 mg dry 
bacteria per 0,1 ml dose. 

Vaccine used for the production of hyperimmune 
whole cell rabbit antiserum (HRA) was prepared from 
bacteria grown on blood tryptose agar plates. The 
organisms were collected by means of a curv:e~ glass 
rod and suspended in 0,85 per cent NaCl contammg 0,5 
per cent formalin. The concentration of bacteria was 
adjusted to give a final density of 1,5 per cent packed 
cells. This concentration is equivalent to approximately 
5 x 108 to 109 bacteria per ml or 2,0 mg dry bacteria 
per ml. After standing at room temperature overnight, 
a portion of the suspension was emulsified with Freund' s 
complete adjuvant. 

P roduction of exotoxin and antitoxin 
Potent exotoxin was produced in static cultures in

cubated for 48h. D etails of the method will be given in a 
for thcoming publication. The same antitoxin was used 
as that employed previously (Cameron & Smit, 1970) . 

*Dept. of Veterinary Pathology and Bacterio logy, University of 
Sydney, Sydney, Australia 

**Difco Laboratories, D etroit, Michigan 
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Immunization of mice 
Groups of 20 6-week-old female albino mice were 

used in all the experiments. Aluminium phosphate 
adjuvant vaccine was administered subcutaneously, 
each mouse receiving two injections each of 0,2 ml, at 
an interval of 4 weeks. Oil adjuvant vaccine was in
jected in doses of 0,1 ml using the same schedule. In 
both instances the dose was divided and given at two 
different sites. The mice were challenged 2 weeks after 
the second injection. 

Preparation of hyperimmune 1vhole cell antiserum (HRA) 
For the preparation of HRA, six rabbits were im

munized as follows: 
Each rabbit was initially given 8,0 ml of bacterial 

suspension emulsified with Freund's complete adjuvant 
subcutaneously. The total quantity was divided into 
eight aliquots and injected at different sites along the 
neck and back. After 3 weeks rest, a series of intra
venous injections of vaccine without adjuvant was 
given, as follows : 

Day 1-0,1 ml 
Day 2-0,3 ml 
Day 3-0,6 ml 
Day 8-0,6 ml 
Day 9-0,6 ml 
Day 10- 0,8 ml 
Day 15 - 1,0 ml 
Day 16- 1,0 ml 
Day 17- 1,0 ml 
The rabbits were bled by cardiac puncture 14 days 

after the last injection and the serum stored at -20°C. 

Toxin neutralization tests 
The antitoxin potency of sera was assayed by deter

mining its ability to neutralize the necrotizing effect of 
exotoxin on rabbit skin. 

Five-fold serial dilutions of exotoxin were made in 
0,85 per cent NaCI and 0,1 ml of each dilution was 
transferred to a clean tube, to which 0, L ml of serum 
was added. After standing at room temperature for 30 
min, 0,1 ml of each of the toxin-antitoxin mixtures was 
injected intradermally into rabbits. Care was taken to 
use skin areas which showed no active hair growth. 
The diameter of the reactions was measured 18 hours 
later and the surface area calculated. 

Agglutination tests 
Tube agglutination tests' were done according to 

standard principles. Details of the procedure and 
preparation of antigen will be given in a forthcoming 
publication. 

Passive protection tests -
Groups of 20 12-week-old female albino mice were 

used in all the experiments. Antiserum or normal rabbit 
serum was administered either intravenously or intra
peritoneally depending on the requirements of the 
experiment. The mice were challenged 18 to 24 hours 
later except where otherwise indicated. 

Macrophage transfer 

.The procedure employed was based on the method 
of Miki & Mackaness (1964). Peritoneal macrophages 
were obtained from mice which had been immunized 
with oil adjuvant vaccine. Cells were collected essen
tially as described by Stuart (1967). The· mice were 
killed with chloroform, the abdominal skin was re
moved and 2,5 ml Hank's solution containing 10 units 
heparin per ml were injected intraperitoneally. The 
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abdomen was massaged gently and 1,0 to 1,5 ml fluid 
was aspirated. The macrophage suspensions from all 
the mice were pooled in a silicone coated Erlenmeyer 
flask and kept in an ice bath. The cells were deposited 
by centrifugation at 500 g for 5 to 10 min and resus
pended in Hank's solution without heparin, using a 
volume of 0,5 ml for resuspending the cells collected 
from each group of four mice. The suspension thus 
obtained, contained approximately 8 X 108 macro
phages per mi. Each recipient mouse was given 0,5 ml 
of this concentrated suspension intraperitoneally. 

Macrophagcs obtained from normal mice were 
similarly collected and transferred to control recipients. 

The mice were challenged 18 hours later by the 
intra-peritoneal injection of 2 X 106 live bacteria. 

Groups of donor mice were challenged at the same 
time to prove that they were immune at the time that 
macrophages were collected. 

Absorption of antisera 
Antisera were absorbed with heat-killed bacteria as 

described by Ekstedt & Yoshida (1969). 

Opsonization of bacteria 
Two ml of a bacterial suspension containing 5 X 108 

live bacteria per ml were centrifuged and resuspended 
in 2,0 ml undiluted hyperimmune rabbit serum. The 
suspension was shaken in a waterbath at 37°C for 30 
min and the bacteria deposited by centrifugation. The 
sedimented bacteria were taken up in 20 ml 0,85 per 
cent NaCI and diluted further to give a final concentra
tion of 5 X 106 bacteria per mi. 

Challenge of experimental mice 
The procedure for preparing shake cultures and 

enumerating bacteria · in frozen stock challenge suspen
sions has been described previously (Cameron & Min
naar, 1969). The challenge suspensions were dilute,d to 
give the desired number of live bacteria in 0,2 ml. 
Mice were challenged with different doses of live 
bacteria either intravenously or intraperitoneally de
pending on the requirements of a particular experiment. 

Enumerati'Q.~ ~flive, 'bacteria in the peritoneal cavity 
j ft ·l:J . 

Mice were prepared as described for the collection of 
macrophages. Following the intraperitoneal injection 
of two ml 0,85 per cent NaCI approximately 1,0 ml was 
aspirated and deposited in cooled tubes. Tenfold serial 
dilutions were made using distilled water for the first 
dilution to facilitate lysis of the macrophages. The 
subsequent dilutions were made in 0,85 per cent NaCI 
and duplicate plate counts were prepared by spreading 
0,1 ml of the 10-2 and 10-3 dilutions on blood tryptose 
agar piates. The colonies were· counted after incubation 
at 37°C for 48 hours. Three mice ·per group were 
assayed at each time interval. · -· 

· ·0:;.' 

RESULTS' 

The potency of aluminium . ph'osphate \l~juvant 
vaccine, which is routinely prepared for adll}inistration 
to sheep, is tested in mice before ~t is }ssued. The 
vaccine contains a final concentration of 0),5 per sent 
packed cells; this is equivalent to appro)i:i,ti:at~ly 0,1 mg 
dry bacteria per 0,2 ml, which is the standaJd <;lose used 
for immunizing mice. Although it has b~en show~ that 
mice can be immunized with two dose~ o-f,Q,04 ,rpg dry 
bacteria (Cameron & Minnaar, 1969) it was foupd 
occasionally that mice which· had received tw-<a,. in~ec
tions of 0,1 mg each did not exhibit a solid immunity. 
A typical result of this kind is shown in ~Fig.l. D~_spite 
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some immunity as indicated by the retarded death rate 
the majority of the immunized mice eventually died. 

which were immunized with two doses of 0,5 mg each 
were considerably more resistant to infection. A good 
immunity can therefore be obtained with an inactivated 
vaccine provided an adequate dose is used. 

T his phenomenon is much less evident when a higher 
dose of antigen is used. As shown in Fig. 2, mice 
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It was nevertheless of interest to investigate the 
mechanisms of immunity in order to obtain a better 
understanding of the processes involved. 

The results of an experiment in which the role of 
macrophages was investigated are given in Fig. 3. 

Mice which received macrophages harvested from 
immunized animals were slightly more resistant to 
infection than non-immunized controls. Essentially the 
same was also found for mice which had received 
macrophages from normal mice. Compared with 
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actively immunized mice, the difference between the 
two groups is negligible and any advantageous effect 
that may be present is non-specific and can be ac
counted for by the large number of transferred cells. 

On the other hand the intravenous administration of 
hyperimmune serum had a marked protective effect as 
shown in Fig. 4. Jolly (1965b) has shown that the 
pathogenesis of acute or subacute infections of C. 
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pseudotuberculosis differs from that of chronic infections. 
Since a high challenge dose (106 bacteria) is considered 
as representative of an acute infection, the protective 
activity of antiserum was also determined for a lower 
challenge dose which is representative of a chronic 
infection. When passively immunized mice were 
challenged with 4 X 104 bacteria they also exhibited a 
marked degree of immunity (Fig. 5). 

For further studies on the mechanism of immunity 
it was necessary to follow the bacterial population 
changes during the course of infection and this necessi
tated the intraperitoneal infection of mice. It would 
have been preferable to use doses in the range of 2 x 105 

or 4 X 104 bacteria, which give rise to subacute or 
chronic infections when given intravenously, but these 
dosages via the intraperitoneal route would not con
sistently infect a satisfactory number of animals. Con
sequently higher doses had to be employed and 2 x 106 

live bacteria were found to be the most satisfactory. As 
shown in Fig. 6, hyperimmune serum administered 
intraperitoneally protected against this challenge dose, 
though it would not protect against 107 bacteria. 

One advantage of a challenge dose of 2 x 106 was 
that there was much less variation in the bacterial 
populations in the peritoneum of individual mice 
compared to the variations encountered in mice in
fected with 106, 2 x 105 or 4 x 104 bacteria. 

Figure 7 shows the bacterial population changes in 
actively immunized mice following intraperitoneal 
challenge. There was virtually no difference between 
immunized and control groups during the first 6 hours 
after infection: the number of organisms decreased in 
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both groups at approximately the same rate. There
after, however, the numbers continued to decline in the 
immunized group while they rapidly increased in the 
control group. Thus, although the initial rate of 
destruction of bacteria is not enhanced in immunized 
mice, the subsequent multiplication of bacteria is pre
vented in them. 

Essentially the same pattern was found in mice 
which were passively protected with antiserum, but 
the difference between the two groups was not as 
marked. Both groups eliminated the bacteria equally 
well during the first 12 hours after infection, but second
ary multiplication was inhibited in the immunized mice 
and not in the control group. 
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FrG. 8 Bacterial population changes in the peritoneum of mice 
which had received hyperimmune or normal rabbit serum. Mice 
were given 0,2 ml serum intraperitoneally and challenged with 
2 x 106 live bacteria intraperitoneally. 

In the following experiment the influence of the 
interval between administration of antiserum and 
challenge as well as preopsonization was studied. 

Neither mice which were given antiserum 18 hours 
after challenge nor mice which were challenged with 
opsonized bacteria were protected. However, those 
which were given antiserum 18 hours before challenge 
or simultaneously with the challenge dose were pro
tected. 

These findings indicate that immunity was not due to 
opsonization, phagocytosis and IJillmediate destruction 
of the infecting bacteria, but to inhibition or retardation 
of the secondary multiplication of the organisms in 
either actively or passively immunized animals. 

One possible explanation is that death followed the 
liberation of exotoxin by the multiplying bacteria and 
that the protective effect of the antiserum was due to its 
antitoxic activity. 

In order to elucidate this theory, the protective 
activity of the HRA was compared with that of an 
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antiserum prepared against exotoxin. Both the HRA 
and the antitoxin had agglutination titres of rlo-; but 
there was a marked difference in their toxin neutralizing 
activity, as is clearly shown in Fig. 10. 

T he HRA which was devoid of antitoxic. activity 
protected mice just as well as did the antitoxin (Fig. 11). 
The protective activity of the antitoxin can readily be 
accounted for by virtue of its antibacterial antibodies, 
as reflected by the agglutination titre. 

Another possible explanation was that the hyperim
mune serum contained an antibacterial factor which 
retards multiplication of the organisms but is not in
volved in opsonization and phagocytosis. This was 
proved by testing the protective effect of HRA absorbed 
with fresh bacteria; after absorption the agglutination 
titre was decreased from m to io and the protective 
activity of the serum was markedly reduced (Fig. 12). 

DISCUSSION 
The mechanisms of immunity to C. p seudotuberculosis 

have not been studied in great detail, primarily because 
of the complexity of the natural disease in sheep and 
the difficulty of reproducing the disease experimentally 
in this species. 

At present the only alternative is to use mice as an 
experimental model, but Jolly (1965b) has shown that 
the pathogenesis, and probably also the mechanism of 
immunity, may differ depending on the intensity of in
fection . 

According to J oily (1965a), the exotoxin plays an 
important role in the pathogenesis of C. pseudotuber
culosis and antitoxin may therefore be of some protective 
value, particularly in acute infections. 

H owever, the natural disease is chronic in nature and 
it is doubtful if antitoxin is of much use in such cases. 
Furthermore, Cameron & Minnaar (1969) and Cameron 
et a/. (1969) have shown that mice can be immunized 
with intact dead bacteria as well as with cell walls. 
Considerable circumstantial evidence has been provided 
by Cameron & Smit (1970) that anti-exotoxin is prob
ably of little consequence in immunity. 

D ata are also presented in this paper showing that 
an tibacterial antiserum which is devoid of antitoxic 
activity is quite capable of passively protecting mice. 

Initially it was thought that, despite previous findings, 
a solid immunity could not be obtained unless a live 
vaccine is used. Such a vaccine would possibly induce a 
cellular as well as a humoral immunity and cumulatively 
these would afford a more substantial resistance to in
fection. H owever, it was found that any lack of im
munity can be overcome by administering an adequate 
amount of antigen. The use of a live vaccine is there
fore not essential in order to obtain a good immunity. 

Comparison of the passive immunizing properties of 
HRA and macrophages from immune mice showed 
that at best the latter had only slight activity, while the 
serum conferred a marked degree of immunity on the 
recipient mice. J oily (1965c) and Hard (1969) have pre
sented evidence to the contrary but both these authors 
used live organisms to immunize their mice and, as 
pointed out by Hard (1969), the activity of the macro
phages is primarily of a non-specific nature. 

A study of the population dynamics of bacteria in the 
peritoneal cavity of actively and passively immunized 
mice revealed certain interesting features . T he out
standing observation was that initially the decrease in 
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the total number of bacteria was the same in immune 
and in normal animals. This finding indicated that 
resistance to infection is not due to enhanced phagocy
tosis and destruction of bacteria. This deduction was 
substantiated by further experiments in which it was 
shown that pre-opsonization of bacteria with HRA did 
not reduce their invasive and infective properties. 

The resistance of immunized mice was due to their 
ability to retard and restrict the secondary multiplica
tion of bacteria. This property of HRA is not due to 
antitoxic activity and can be abolished by absorption 
with whole bacteria. 

It is thus apparent that immunity to C. pseudotuber
culosis is p rimarily of a humoral nature and that when an 
inactivated vaccine is used cellular immunity is negli
gible. H owever, this does not necessarily exclude the 
possible role of cellular immunity if a live vaccine is 
employed, or its potential role in other species such as 
the sheep. 

SuMMARY 
Experimental evidence is presented to show that 

immunity to C. pseudotuberculosis in mice is of a humoral 
nature when an inactivated vaccine is employed. 

Macrophages from immune mice have no protective 
properties, but mice can be immunized passively with 
hyperimmune rabbit antiserum. 

T he protective effect of the serum is not due to anti
toxic activity or its ability to promote phagocytosis. 
Immunity is due to retarded secondary multiplication of 
bacteria, a phenomenon which was observed in both 
actively and passively immunized mice. This property 
can be removed from hyperimmune serum by absorp
tion with whole bacteria. 
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