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ABSTRACf 
CAMERON, C. M. & BESTER, FAITH, J., 1986. Response of sheep and cattle to combined polyvalent 

Pasteurella haemolytica vaccines. Onderstepoon Journal ofVeterinary Research, 53, l-7 (1986): 
The antibody response to various combined polyvalenf Pasteurella ilflemolytica vaccines was studied in 

sheep and cattle. 
In sheep, certain oil adjuvant vaccines gave rise to a better antibody response toP. haemolytica than an 

Al(OH)3-adsorbed vaccine. This finding, however, was not consistent for all serotypes, and with respect toP. 
multocida, oil adjuvants had no advantage. Furthermore, it was found that the removal of all the culture 
supematent fluid during the production process had no deleterious effect on the antigenicity of the product. 

In cattle, good responses were obtllined with both alum-precipitated and Al(OH)radsOrbed vaccine where 
all culture supematent fluid was not removed during the production process. No advantage was gained with oil 
emmulsion vaccines. 

The degree of immunity afforded to mice and the antibody response to different serotypes of P. haemolytica 
varied considerably. Further detailed studies with respect to specific serotypes of P. haemolytica are therefore 
required. 

INTRODUCfiON 

Pasteurella haemolytica is a recognized pathogen in 
the bovine respiratory disease complex and usually oc
curs concomitantly with infectious bovine rhinotracheitis 
virus (IBR) and parainfluenza Type 3 virus (PI3). P. 
haemolytica Type AI is by far the most frequent sero
type encountered in this syndrome and may even be the 
primary pathogen (Gibbs, · Allan, Wiseman & Selman, 
1984). 

P. haemolytica is likewise an important pathogen of 
sheep and goats. In the sheep respiratory syndrome it 
may be associated with various viruses and Mycoplasma 
infections (Davies, Dungworth, Humphreys & Johnson, 
1977; Sharp, Gilmour, Thompson & Rushton, 1978; 
Davies, Herceg, Jones & Thurley, 1981; Davies, Herceg 
& Thurley, 1982; Lehmkuhl & Cutlip, 1982; Buddie, 
Herceg & Davies, 1984). However, it has also been 
proven to be an independent primary pathogen (Gilmour, 
Angus & Sharp, 1980; Gilmour, Angus, Donachie & 
Frazer, 1982). Various serotypes may be involved 
(Thomson, Frazer & Gilmour, 1977; Frank, 1982; Gil
mour, 1982), but in South Africa the majority of cases 
are caused by Serotypes I, 2 and 6 (M. M. Menton & 
F. J. Bester, personal communication, 1984). P. haemo
lytica is also frequently responsible for mastitis (blue 
udder) in sheep (Gilmour, 1978). In this instance, the 
most common serotypes are 2, 7 and 9 (E. M. van 
Tonder & M. M. Menton, personal communication, 
1984). 

From the foregoing it is evident that, when compiling 
vaccines, cognisance must be taken of the multiplicity of 
P. haemolytica serotypes (Gilmour, 1980) and other 
pathogens, including P. multocida serotypes that are in
volved. In previous publications (Cameron & Bester, 
1984a, 1984b) accent was placed on the response of 
sheep and cattle to the P. multocida component of poly
valent vaccines, whereas in this study the response to the 
P. haemolytica components were those primarily fol
lowed. 

MATERIALS AND METHODS 

Bacterial strains 
All the strains used in this study have already been 

discribed (Cameron & Bester, 1984a, 1984b; Cameron, 
Bester& Du Toit, 1984). 

Preparation of vaccines 
The basic procedures were similar to the methods pre

viously described (Cameron & Bester, 1984a, 1984b; 
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Cameron et al., 1984). To fulfil certain objectives the 
following formulations were compiled for the various 
experiments. 

Vaccinesforsheep· 

For the 1st experiment, which was designed to study 
the response of sheep to polyvalent P. haemolytica vac
cines containing various adjuvants, the following vac
cines were composed: 
P. haemolytica serotypes I (Strain 9479); 2 (Strain J28), 
6 (Biberstein); 7 (Strain 4024/1) and 9 (Biberstein) were 
cultivated separately and inactivated by the addition of 
0,3% formalin. 
Vaccine A: All the strains were concentrated to a packed 
cell volume of 2,5 % by centrifugation, but not all the 
supernatant culture fluid was removed. Equal volumes of 
the strains were mixed to give a final p.c.v. of0,5% per 
strain. The mixed cultures were then precipitated by the 
addition of 10 me of an II % solution of potassium alum 
to give a final concentration of I , 0 %. 
Vaccine B: Vaccine B was prepared exactly like Vaccine 
A except that the final mixture was adsorbed by the 
addition of 12,5 metiOO me of a 50% Al(OH), packed 
gel to give a final concentration of approximately 6,0% 
(Cameron & Bester, 1984b). 
Vaccine C: The bacterial cells were concentrated as for 
Vaccines A and B, but all the supernatant fluid was 
removed and the bacteria resuspended in 0,15 M phos
phate buffered saline pH 7,2 containing 0,01 % merthio
late. After mixing, the suspension was adsorbed with 
Al(OH)3 as outlined above. 
Vaccine D: Vaccine D was prepared exactly as for Vac
cine B but the cells of each strain were concentrated to 
5,0% p.c. v. to give a concentration of I ,0% p.c. v. after 
mixing with and the addition of Al(OH)3• This suspen
sion was then emulsified with an equal volume of oil 
composed of 85 parts Marco! 52m and 15 parts Arlacel 
Am by means of a Waring blender (Wells, Gilmour, 
Burrels & Thompson, 1979). 

VaccineE: The cells were prepared as for Vaccine A to a 
concentration of 7,5 %. The 5 strains were mixed to give 
a concentration of I ,5 % packed cells per strain. This 
suspension was emulsified in oilm so that the final pro
duct contained 0,5% packed cells per strain. 
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Vaccine F: Vaccine F was prepared like Vaccine E ex
cept that the formula recommended by Bokhout, Van 
Gaalen & Vander Heijden (1981) for the oil emmulsion 
was used. The cell densities were adjusted in such a way 
that the final product contained 0,5 % packed cells per 
strain. 

In the 2nd experiment in sheep, 3 vaccines containing 
both P. haemolytica and P. multocida strains but differ
ent adjuvants were compared. The vaccines were pre
pared as follows: P. haemolytica Type I (9479), Type 2 
(J28) and Type 6 (Biberstein). P. multocida Type A 
(8473); and Type D (4) were grown and inactivated, as 
outlined above, centrifuged and resuspended in PBS 
(0,15 M; pH 7,2 plus 0,01 % merthiolate) to a concentra
tion of 2,5 p.c.v. The 5 strains were mixed to give a 
concentration of 0,5% p.c. v. per train. 

The following vaccines were prepared from this sus
pension: 
Vaccine J: An aliquot of the above suspension was fur
ther concentrated by centrifugation to give a concentra
tion of 7,5 % p.c. v. This suspension was then emulsified 
with oil and emulsifiers as recommended by a commer
cial company0

' so that the final product contained 2,5% 
p.c. v. or 0,5% p.c. v. per strain. 
Vaccine K: Al(OH)3 to a final concentration of 6,0 % 
packed gel was added to an aliquot of the 2,5% p.c.v. 
suspension and stirred for 30 min at room temperature. 
The final product therefore contained 0,5 % packed cells 
per strain. 

Vaccine L: To simulate the procedure of Wells et al. 
( 1979), 200 me of vaccine K was allowed to settle out for 
48 h at 4 °C. The supernatant fluid (140 me) was 
siphoned off and the remaining 60 me of sediment emul
sified as for Vaccine J. 
A commercial vaccine designated Vaccine "0"0

' was 
also included in the experiment. This product is similar 
to one recently described (Wells, Robinson, Gilmour, 
Donachie & Sharp, 1984). 

For the 3rd experiment, vaccines were composed of P. 
haemolytica Type 2 (J28), Type 7 (4024/1) and Type 9 
(Biberstein) and two strains of Staphylococcus aureus 
[Strains 24276 (68V5) and 1141]. The P. haemolytica 
component was prepared as outlined above in such a way 
that the mixture contained a final concentration of I ,0 % 
p.c.v. per strain. This suspension was mixed with an 
equal volume of S. aureus bacterin toxoid (Cameron, 
Fuls & Botha, 1979) and adsorbed with Al(OH)3 (Vac
cine M). For the preparation of Vaccine N, 200 me of 
Vaccine M was allowed to settle out and the residual 60 
me of sediment was emulsified with oil, as outlined for 
Vaccine L. 
Vaccines for cattle 

The Pasteurella , component was prepared from the 
following strains: 

P. multocida Type A (Strain 9539) 
P. multocida Type D (Strain 04) 
P. multocida Type E (Strain 7630) 
P. haemolytica Type I (Strain 9479) 

They were grown and inactivated as for sheep vac
cines and adjusted to the required densities by centrifu
gation and removal of the appropriate volume of super
natant culture fluid. The sedimented cells were resus
pended in the residual culture fluid. 
. The IBR and PI3 components were prepared by grow
mg the viruses on BHK cells according to conventional 
techniques and inactivated by the addition of 0,2 %for-

"
1 "Ovivac", Hoechst UK Ltd, Milton Keynes, Bucks, England 
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malin. The virus suspensions had titres of 107
·
5 and 107

•
0 

respectively before inactivation. The 2 virus components 
were mixed in equal proportions. 
The following vaccines were composed from the above: 
Vaccine P: The inactivated Pasteurella strains were 
mixed in the following proportion and precipitated with 
potassium alum at a final concentration of I ,0 %. 

pcv Volume Final pcv 
% (mf) % 

P. multocida Type A 2,5 200 0,5 
P. multocida TypeD 2,5 200 0,5 
P.multocida TypeE 2,5 50 0,125 
P. haemolytica Type I 5,0 200 1,0 

The proportions used were based on previous findings 
(Cameron & Bester, 1984a). The dosage for cattle was 
2,0 me subcutaneously and 0, I me for mice. 
Vaccine Q: The composition of Vaccine Q was exactly 
the same as for Vaccine P, except that an equal volume 
of the combined virus components was mixed with the 
Pasteurella component before sedimentation with potas
sium alum. 
Vaccine R: Vaccine R was prepared exactly the same as 
for Vaccine Q except that it was adsorbed with Al(OH)3 
at a final concentration of 6,0 % packed gel. 
Vaccine S: Vaccine S was prepared by mixing the fol
lowing components. 

P. multocida 
P. multocida 
P. multocida 
P . haemolytica 
IBR 
PI3 

Type A 
TypeD 
Type E 
Type I 

pcv 
% 
7,5 
7,5 
7,5 

15,0 

Volume 
(mf) 

100 
100 
25 

100 
175 
175 

The above mixture was then emulsified in oil as out
lined for Vaccine J (sheep). 

The dosage for Vaccines Q, RandS was 5,0 and 0,2 
me subcutaneously for cattle and mice respectively. 

A commercial Vaccine<2
J (T) was included in the ex

periment for comparison. 

Immunization of experimental animals 
Sheep: In all the experiments groups of 8 Merino 

wethers (6-12 months old) were used for each vaccine. 
They were pre-bled and given 2 injections of 2,0 me 
vaccine subcutaneously 4 weeks apart and bled 2 and 4 
weeks after the 2nd injection. For the vaccines con
taining also S. aureus, a 5,0 me dose was used. In some 
instances they were given a 3rd injection and bled more 
frequently. The details are shown in the tables under 
Results. 

Cattle: Groups of 8 6-12-month old Bonsmara cattle 
were used for the respective vaccines. They were ini
tially given 2 injections 4 weeks apart and bled 2 weeks, 
4 weeks and 3 months after the 2nd injection. They were 
subsequently given a 3rd booster injection of vaccine 3 
months after the 2nd injection and bled 2 weeks and 6 
weeks later. The details of the assays that were done are 
indicated in Fig. I. 

Mice: The potency of the P. haemolytica components 
of the various vaccines were assayed in mice as 
described previously (Cameron et al., 1984). 

Rabbits: The potency of the S. aureus component of 
polyvalent vaccines was assayed in rabbits as described 
previously (Cameron et al., 1979). 

Serological and immunological assays 
The indirect haemagglutination antibody titres (IHA) 

for P. haemolytica were determined essentially as 

m Rhivax 3 + P, Pitman-Moore, New Jersey, USA 
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TABLE I Antibody response in sheep to polyvalent P. haemolytica vaccines containing different adjuvants 

Vaccine composition and adjuvant 
H.A. reciprocal titres. Means of 4 assays Means of all 

Serotype I Serotype 2 Serotype 6 Serotype 7 Serotype 9 serotypes 

A. Culture supernatant fluid not 
removed 8,0 32,9 10,5 6,1 13,6 14,2 
1,0%atum 

B. Culture supernatant fluid not 
removed 
6%AI(OH)3 12,9 82,3 13,9 7,9 4,8 24,3 

C. Cells resuspended in PBS 
6,0% A1(0H)3 20,6 75,4 17,3 3,4 3,9 24,1 

D. Combined A1(0H)3 and oil 
emulsion 31,4 50,8 45,6 26,3 53,3 41,4 
(Wells et al., 1979) 

E. Oil emulsion IO formula "C" 23,2 130,3 30,5 7,4 15,7 41.4 

F. Oil emulsion 
(Bokhout et al., 1981) 10,21 85,8 15,4 5,0 5,2 24,3 

TABLE 2 Protection of mice toP. haemolytica infection by combined P. haemolytica: P. multocida vaccines with different adjuvants 

P. haemolytica P. multocida 

Number of surviving mice after challenge/! 0 Protection all 3 ProtectionTtypes 1 

Vaccine Challenge strain and dilution serotypes and 6 only Protection logs 

Type6 Percen- Percen-T?<h9~ Tyfs2 Total Total (J 8) (Biberstein) survi- tage survi- tage Ty~D Tl.peA 

Undiluted ~ Undiluted ~ Undiluted 

Vaccine J 
Oil adjuvant 
ICI formula "C" 5 7 3 6 5 

Vaccine K 
Al(OH)3 4 6 2 6 6 

Vaccine L 
A1(0H)3 plus oil 
(Wells et al., 1979) 5 6 5 5 6 

Ovivac 7 9 3 7 3 

Non-immunized controls 0 3 1 3 2 

described by Biberstein, Gills & Knight (1960), whereas 
the antibody titres to IBR and PI3 viruses were deter
mined by standard plaque-reduction assays. 

The passive mouse protection tests for P. multocida 
were conducted and interpreted as described by Cam
eron, Engelbrecht & Vermeulen (1978). 

RESULTS 

Sheep 
The antibody response of sheep to polyvalent P. hae

molytica vaccines is shown in Table 1. The figures are 
the mean of 4 assays done on sera collected 2 and 4 
weeks after the 2nd and booster injection of vaccine. The 
response to the individual serotypes was rather erratic 
but when the mean of all serotypes is taken into account, 
it would appear that the AI (OHh adjuvanted vaccines 
were slightly better than the alum precipitated vaccine. 
In contrast to what has been established in cattle (Cam
eron & Bester, 1984a), removal of the supernatant cul
ture fluid has no effect. 

It is also clear that 2 of the oil emulsion vaccines (D 
and E) elicited a better antibody response than the alum 
or Al(OHh adjuvant vaccines. 

The results of the following experiments in which the 
immunogenicity of an oil adjuvant vaccine, an Al(OHh 
adjuvant vaccine and an Al(OHh plus oil vaccine are 
compared are given in Tables 2 and 3. 

3 

vors/60 protec- vors/40 protec- ( ) ( 473) 
~ tion tion 

9 35 41,6 26 50,0 2,2 3,1 

5 29 31,7 21 37,5 2,0 3,1 

8 35 41,7 25 47,5 1,2 1,9 

5 34 40,0 24 45,0 0,1 0,0 

I 10 0,0 6 0,0 0,0 0,0 

From the results shown in Table 2 it appears that the 
experimental oil emulsion vaccines afforded a slightly 
better protection to mice than the Al(OHh adjuvant vac
cine. However, this difference was not apparent with 
respect to protection against P. multocida. 

The same vaccines were also compared in sheep. As 
Table 3 shows, the vaccines containing oil elicited a 
better antibody response to P. haemolytica than the 
Al(OHh adjuvant product. The oil adjuvant vaccines 
were also superior to the commercial product. The re
sults regarding P. multocida were generally good but 
inconsistent, and the superiority of the oil adjuvant vac
cines in respect of these organisms could not be 
established. This observation confirms previous findings 
(Cameron & Bester, 1983). 

In the following experiments, the response to com~ 
bined P. haemolytica:S. aureus vaccines was investi
gated. 

The results given in Table 4 show that mice can be 
adequately immunized against P. haemolytica Types 7 
and 9 and to a lesser extent against Type 2 with vaccines 
containing also S. aureus bacterin toxoid. In this experi
ment the oil emulsion vaccine had no apparent advantage 
and both experimental vaccines compared favourably 
with the commercial product. 

The same vaccines (M, N and 0) were also tested in 
sheep, but the antibody response induced by all 3 of 
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TABLE 3 Antibody response in sheep to P haemolytica polyvalent vaccines also containing P multoc:ida 

P. haemolytica P. multocida 
Passive protection logs Reciprocal haemagglutination titres 

Adjuvant Serotype 1 Serotype 2 Serotype6 SerotypeD Serotype A 
(Biberstcin) (04) (8473) (9479) (128) 

A B A B A B c c 
Oil adjuvant 

173,7 91,4 2,4- 4,4 ICI formula "C" l6,S 20,0 S,4 S,4 
Al(Oiih 6,0 2,7 3,7 3,S 10,2 18,0 0,4 3,8 

Al(OH)3 plus oil 
2,S (Wellsetal., 1979) 37,0 40,S 8,7 100,0 118,0 1,4 3,4 

Ovivacm 2,S 2,0 8,0 6,0 16,3 20,2 0,0 0,0 

A = 2 weeks after 2nd bijection B = 4 weeks after 2nd injection C = 2 weeks after booster injection 

TABLE 4 Protection of mice by polyvalent P haemolytica vaccine also containing S aureus 

Number of surviving mice after cballenge/10 

Challenge strain and dilution 
Total surviving Percentage pro~-

Vaccine 
Ty~2 Typc7 Type9 micc/60 tion minus controls 
(J ) (402411) (Biberstcin) 

Undiluted ~ ,,25 ,,,25 ,,25 ,,,25 

VaccineM 
Cells resuspended in buf-Al(OH):, 2 6 " 10 8 7 8 41 50,0 

Vaccine N 
Combined Al(OH)3 
ICiformula " C" 

2 s 7 7 7 7 3S 40,0 

VaccineO 
Ovivac<11 3 7 6 9 s 9 39 46,6 

Controls 3 1 2 0 4 1 11 0,0 

TABLE S Immunization of mice and rabbits with a combined P. haemolytica: S. aureus commercial Al(OH)3 adsorbed vaccine (Onderstepoort 
production batch 3) · 

P. haemolytica S. aureus 

Mean surface area of lesions cm2 

Percentage protection minus control 
Immunized Non-immunized 

Challenge strain and dilution Challenge strain and dilutions Cballenge strain and dilutions 

·Typc2 
(J28) 

Type7 
(4024) 1141 

~ ,,25 ~ ,,25 Undil. ~ !4 Undil. 

so 30 so 30 17,8 18,1 2,6 3,6 

them toP. haemolytica Types 2, 7 and 9 were too poor 
to merit recording. 

. Table S gives the results obtained in mice and rabbits 
with a production batch of a combined P. haemolytica: 
S. aureus A1(0H)3-adsorbed vaccine. As in the previous 
experiment, the results obtained in mice with 
respect to the P. haemolytic a components were good. 
Likewise, the immunity to S. aureus induced in rabbits 
was in accordance with previous findings (Cameron et 
al., 1979). 

Cattle 

The results of the comprehensive assays that were 
done on the cattle sera as well as the active immunity 
tests for P. haemolytica Type 1 are given in Fig. 1. 

Vaccine P afforded the best protection to P. haemoly
tica Type 1 in mice, but the antibody response to this 
organism in cattle was poor. The passive protection 
against P. multocida was also satisfactory but generally 
poorer than for Vaccines Q and R. It should be noted that 
the animals in this group developed antibody titres 
111 Hoechst UK Ltd, Milton Keynes, Bucks, England 

4 

24276 1141 24276 
(68)VS (68)VS 

~ !4 Undil. ~ l4 Undil. ~ ,,4 
3,S 3, 1 41,4 28,3 3S,7 13,1 8,S 9,S 

against PI3 virus, even though the vaccine (P) did not 
contain it. This observation therefore largely invalidates 
the findings with respect to PI3 antibody titres in the 
other groups. 

Overall there was very little if any difference in the 
response to Vaccines Q, RandS. In this group, Vaccine 
Q afforded the best protection to P. haemolytica Type 1 
in mice and the antibody response to this organism was 
also marginally better than Vaccines RandS. VaccineS 
(oil adjuvant) did not effectively protect mice against P. 
haemolytica. Both the Q and R vaccines were distinctly 
superior to Vaccine T (commercial) with respect to all 
the bacterial components. Vaccine T, however, elicited 
the best response to IBR virus. 

DISCUSSION 

The most striking aspect of this study was the discrep
ancies that were revealed with respect to the antibody 
response in sheep and cattle in respect of the P. haemoly
tica and P. multocida components and the different vac
cine formulations . 
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In sheep, the best response to P. haemolytica was 
obtained with oil emulsion vaccine, whereas in the case 
of the P. multocida component the response was similar 
for the oil emulsion vaccine and Al(OH)3 adsorbed vac
cines. In cattle, on the other hand, oil emulsion vaccines 
did not improve the response to P. haemolytica, pro
vided that the culture supernatant fluid was not removed 
in the process of preparing Al(OH)radsorbed products. 
This observation is in accordance with previous findings 
(Cameron & Bester, 1984a). P. haemolytica oil emul
sion vaccines, however, should not be used without fur
ther critical assessment, since there is the possibility that 
they may in fact depress the immune response (Wilkie, 
Caoili & Friend, 1976). 

A disquietening observation during these studies was 
that, although various P. haemolytica vaccines afforded 
a satisfactory degree of immunity in mice, the antibody 
response in cattle and particularly in sheep as measured 
by an indirect haemagglutination test was generally 
poor. This was specially true for P. haemolytica Type 2, 
which is a notoriously poor antigen (Gilmour, Sharp, 
Donachie, Burrels & Frazer, 1980). The response to 
other serotypes was also distinctly variable. Since immu
nity toP. haemolytica is serotype specific (Biberstein & 
Thompson, 1965; Gilmour, Martin, Sharp, Thompson & 
Wells, 1979; Shewen & Wilkie, 1983), in-depth studies· 
regarding the immunogenicity of specific serotypes are' 
necessary. These should include the evaluation of live 
mutants (Kucera, Wong & Feldner, 1983) as well as a. 
study of sub-cellular components (Squire, Smiley & 
Croskell, 1984). 

There is no direct correlation between serum antibody 
titres as determined by IHA tests and immunity, and 
such titres may in fact be misleading (Smith, Dawson, 
Wells & Burrels, 1976; Burrels, Wells & Dawson, 
1978). Greater emphasis should therefore be placed on 
the concentration of the various classes of antibodies that 
are present in the secretions of the respiratory tract 
(Wells, Dawson, Smith & Smith, 1977; Wilkie & Mark
ham, 1979; Walker, Corstvet, Lesley & Panciera, 1980; 
Scicchitano, Husband & Cripps, 1984). Furthermore, 
investigations by numerous authors indicate that cellular 
immune mechanisms may be at least as important for 
protection against P. haemolytica as humoral mech
anisms (Walker, Cortsvet & Panciera, 1980; Davies & 
Penwarden, 1981; Shewen & Wilkie, 1982; Markham, 
Ramnaraine & Muscoplat, 1982; Newman, Corstvet & 
Panciera, 1982). In this regard the role of the neutrophil 
cytotoxin that is produced by P. haemolytica is also of 
consequence (Berggren, Baluyut, Simonson, Bemrick & 
Maheswaran, 1981; Baluyut, Simonson, Bemrick & 
Maheswaran, 1981; Sutherland, Gray & Wells, 1983). It 
is therefore quite possible that sheep and cattle may be 
effectively immune to respiratory infection despite a low 
level of serum antibodies. This can only be conclusively 
established, however, by respiratory challenge of vacci
nated animals (Gilmour et al., 1982; Gilmour, Martin, 
Sharp, Thompson, Wells & Donachie, 1983). 

Similar questions arise with respect to the effective
ness of mammary protection in sheep. It has been shown 
that P. haemolytica antibodies are transferred to the 
colostrum (Gilmour et al., 1980), but the protective 
value of this process is unclear (Wells, Evans, Burrels, 
Sharp, Gilmour, Thompson & Rushton, 1979; Cowan & 
McBeath, 1983; Smith, 1982) and can only be assessed 
by controlled laboratory and field trials. 
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