
LUCRĂRI ŞTIINłIFICE MEDICINĂ VETERINARĂ VOL. XLI, 2008, TIMIŞOARA 
 

 967 

THE EVALUATION OF IMMUNOGENIC CAPACITY 
OF AN INACTIVATED ANTI-FUSOBACTERIUM NECROPHORUM 

VACCINE 
 

I. łOGOE *, L. TUDOR *, GABRIELA CRĂCIUN ** 
 

* The Faculty of Veterinary Medicine Bucharest 
** INFLPR Bucharest 

 
Summary 

 
The research performed is part of a complex project which is carried out for many 

years now. The results concerning the comparative verification of the immunogenic capacity 
of 2 types of inactivated vaccines obtained by classical methods, using a standardized 
methodology and after the their administration on 2 plots of cows, there have been 
statistically analyzed in 2 consecutive stages: the verification of their innocuity, before the 
administration on animals from the same species with the species on which the vaccine can 
be administrated; the verification of the immunogenicity of the 2 types of biological products 
after administrating them to 2 plots of cows by marking out the specific titer of antibodies.  

At the animals from A plot, after the first vaccine administration, the specific 
antibody titer marked out values between 1/64 and 1/256, while in case of the ones to which 
vaccine B was administrated, the values of the specific antibodies titers were between 1/128 
and 1/512. After relapse, there was recorded a significant increase of specific antibodies 
titers, in animals from plot A, but also at the ones from plot B, but in the majority of the sera 
collected from cattle in plot B, the antibody titer was higher than 1/512 (between 1/1024 and 
1/2408).  

 
The research performed worldwide until the present day, concerning the 

specific prophylaxis of infections generated by Fusobacterium necrophorum in 
ruminants are numerous, but the practical results obtained after using several 
stems of vaccine haven't answered fully to the expectances, after inoculation these 
don't confer a solid immune status of the vaccinated animals, but contributes only 
to the reduction of the disease incidence or attenuates the clinical signs. The 
vaccines mostly used in many countries are constituted on fragments of the 
bacterial cellular wall (subunit vaccines), but, lately, also from integral cultures. The 
administration of every one of these types of vaccines on animals induces the 
synthesizing of specific antibodies, but with low titers, not sufficient for protecting 
the organism against the pathogenic action of the bacteria from Fusobacterium 
necrophorum species. The low titer of specific antibodies is due, to the high 
number of antigens which exist in a vaccine like this, towards the animal will 
produce specific antibodies, and on the other side, these ones cannot interfere with 
the synthesized toxins of the bacterium, involved in the pathogenesis of these 
diseases. The results of the research that we performed in initial stages of the 
project demonstrate that the prevention of the diseases produced by this bacterial 
species is possible only if the vaccine contains in its composition, as an antigen, 
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the leucotoxin. In 1986, Emery D.L. and Vaughan demonstrated that the 
administration of rabbit or cattle serum with high titers of antileucotoxin antibodies, 
in mice was able to protect them from experimental infection with Fusobacterium 
necrophorum. After the research was performed, Smith and Wallace concluded 
that the specific prophylaxis towards the infections determined by Fusobacterium 
necrophorum in economical interest animals is dependent upon the management 
of the immunization process, but through their own chemical composition, the 
bacterial bodies are low immunogens. Taking these into account, the research 
performed in some of the activities from stage 4 of the proposed project followed 
the elaboration of a standardized technology of obtaining 2 inactivated vaccines, 
taking Fusobacterium necrophorum cultures, on as an anaculture, in which exists 
several types of antigens (the majority of those existent in the chemical 
composition of the cellular wall) and other of bacterial type (in which the majority of 
antigens are represented by the exotoxins which the bacterium synthesize during 
multiplication in liquid media), with them being vaccinated the plots of cattle. 
 

Materials and methods 
 

In order to evaluate the immunogenic capacity there have been used 2 
types of inactivated vaccines, called A vaccine (prepared from integral cultures of 
Fusobacterium necrophorum inactivated by using phormol and heat, anaculture 
type) and B vaccine (obtained by precipitating the supernatant of 407 stem of 
Fusobacterium necrophorum and inactivated through phormol and heat - bacterial 
type). Other materials: disposable syringes, iodine tincture, sterile test tubes. Plots 
of animals - 30 cows of different ages, distributed in 2 experimental plots, noted as 
plot A and plot B, on which the 2 types of vaccine have been administrated. The 
rest of the existent animals from the large group represented the witness plot. The 
animals were the property of partner 5. 

The working technique - The technique for verifying the vaccine innocuity - 
the verification of the innocuity of the 2 types of inactivated vaccines was realized 
after the following protocol: 7 days before the beginning of the experiment, there 
have been inoculated 3 cows with a double dose from every type of vaccine. The 
inoculations were realized on subcutaneous way in several separate points, in the 
middle third, on the lateral sides of the neck. The inoculated animals were daily 
examined in order to observe the eventual modifications at the level of the 
inoculation spot or their general status. If after the administrations of the vaccine do 
not appear any sort of modifications in the general status of the animals, this may 
be administrated.  Habitually, in case of the vaccines which contain in their 
composition aluminum hydroxide gel, at the inoculation spot it can appear a nodule 
of different dimensions which vanishes in almost 1 week.  

The techniques of verifying the immunogenicity of the 2 types of vaccines - 
In order to evaluate the immunogen capacity of the 2 types of inactivated vaccines, 
these have been inoculated at the correspondent cow plots (plot A and plot B), by 
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subcutaneous way, in 2 stages, at 14 days: for the first inoculation, no matter the 
type of vaccine, there has been used a dose of 5 ml and for the second one a dose 
of 3 ml; the cows from the witness plot (5 animals), were inoculated by 
subcutaneous way with 5 ml of Schaedler broth at the first stage and with 3 ml of 
Schaedler broth at the second one. 

From the cows from both experimental plots, and also from the ones in 
witness plot, before administrating the vaccines or the Schaedler broth, before 
second stage and after 14 days since the last inoculation there have been collected 
blood samples in order to determine the antibody titer. The presence of specific 
antibodies in blood serum of vaccinated animals and in the one of the animals from 
the witness plot was determined through serological qualitative tests (the reaction 
of double immunidiffusion on agar gel) and through the quantitative techniques in 
vitro (the reaction of seroflocculation) and in vivo (the reaction of neutralization on 
mouse).  

The technique of performing the immunidiffusion reaction in agar gel - 
Called also radial diffusion or Quchterlony technique, this method is based upon 
the diffusion of the 2 reagents (one of them is known and the other must be 
determined), placed in separate slides, practiced in a layer of pure agarose. The 
antigen molecule and the antibodies diffuse in the gel layer, and at the place of 
meeting, in the equivalence zone, they form a precipitation line. The reactions of 
double immunodiffusion were performed using the following protocol: in Petri 
dishes, made of plastic material, is poureda layer of agarose which was solubilised 
in buffered solution with pH = 8.6 and ionic force of 0,025, in a quantity of 0,2 
ml/cm2. After solidifying, with a special device carved portions are made in a form 
of reseta, with a diameter of 2-3 mm. Habitually there have been made 7 resetas, 
one in the center and 6 peripherical, at a distance of 3 mm between them. In the 
central reseta there has been disposed the know element (in our case, leucotoxin), 
and in the peripherical ones the sera for examining, diluted at 1/10. After disposing 
the reagent, the Petri dishes are incubated at 37oC for 24-72 hours. Reaction 
interpretation is realized daily, on the basis of the presence, position, form and 
number of precipitate lines. For a better mark out of the positive reactions, it is used 
for examination a source of light. 

The technique of seroflocculation performing (RAMON method) 
This technique is used to treat in vitro the native antitoxic sera or purified 

and concentrated antitoxic sera and it is based upon the specific coupling between 
a given molecular antigen as a known element of the reaction, and the specific 
antibodies, eventually present in a sanguine sera for examination (as a unknown 
element of the reaction). 

Pursuing this purpose, the serum for examination, the unknown element of 
the reaction was diluted with a physiological buffered solution, 1/100, and then in 
consecutive binary dilutions, afterwards in each test tube of serial dilutions is added 
1 ml from the concentrated leucotoxin, which initially was diluted at 1/100 using a 
physiological buffered sterile solution. Every test tube must be agitated, and 
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afterwards the racks with test tubes which contain the toxin-serum blend for 
examining are introduced in water baths at 52oC and examined periodically to 
observe the apparition moment of the first floccular reaction. It is registered the 
time of flocculation Kf and it is expressed the quantity of specific antibodies from 
the serum for examination through dilution titer at which the first positive reaction 
appeared. The positive reaction appears most rapid in dilutions in which the toxin 
quantity is equivalent to the quantity of specific antibodies. 

The technique of performing the seroneutralization reaction on mouse 
(Erlich method) 

The serum is diluted taking into account the titer obtained after performing 
the seroflocculation reaction. A minimum number of 5 dilution is obtained from the 
serum that must be examined and a value for expressing the titer of the serum 
situated at the middle of the dilution series. From each dilution of the serum, 1 ml of 
diluated leucotoxin 1/10 with physiological buffered sterile solution, it distributed in 
penicilline vials. All the vials with the blend of serum and toxin are gently 
homogenized and kept at 37oC for 45 minutes. From each vials, a quantity of 0,4 ml 
is inoculated in 2 mice with a weight of 14-16 g, subcutaneous, at the level of the 
right vial. The inoculated animals and also the witnesses are observed for 4 days 
and every modification in the general status and eventually the moment of death 
must be registered. The titer of the serum is considered the dilution of the serum 
where the animals have died in the 4th day after the inoculation (either mice or a 
single one). 
 

Results and discussions 
 

The results of the investigation performed in this activity have 
demonstrated that the 2 types of antigens from which the 2 types of vaccines 
inactivated with phormol and adsorbed on aluminum hydroxide gel have been 
prepared corresponded to the sterility and innocuity tests, the phormol in final 
concentration of 5% being capable of inactivating the bacterial bodies and 
transforming the toxic compounds synthesized by the bacterium present in the 
culture supernatant, in anatoxins, with the conservation of antigenity. 

The inoculation of the 2 types of vaccine, in cattle, by subcutaneous way in 
a dose of 10 ml, in order to test the innocuity, didn't determine any local reaction or 
changes in general status of the inoculated animals, which may contraindicate the 
utilization of these in the specific prophylaxis towards the infections generated by 
Fusobacterium necrophorum in naturally receptive animals. Because of the 
phormol existence and the aluminum hydroxide gel in the composition of the 
vaccines, at the place of inoculation, after the first 24 hours, there have appeared 
local inflammatory reactions of low intensity, manifested by the apparition of some 
nodules, with a diameter of 2-3 cm, which vanished after 1 week. In the observation 
period, there haven't been recorded changes in the general status of the inoculated 
cattle. At the animals inoculated only with the Schaedler broth there haven't 



LUCRĂRI ŞTIINłIFICE MEDICINĂ VETERINARĂ VOL. XLI, 2008, TIMIŞOARA 
 

 971 

appeared inflammatory reactions or nodules at the place of the inoculation. In none 
of the sanguine sera collected from cattle belonging to the experimental plots and 
the ones from the witness plot, before the administration of the vaccines, there 
haven't been marked out specific antibodies, when the double immunodiffusion on 
agar gel reaction was used, meanwhile in all the collected sera after administration 
of the vaccines, using the same technique, there have been marked out one or 
more lines of precipitation, taking into account the type of the vaccine. The results 
of the determinations concerning the specific antibodies titers and the dynamic of 
their evolution, from the blood sera collected from the cattle in plot A, B and 
witnesses, depending upon the type of the vaccine, are presented synthetically in 
table 1. 

The analysis of statistical data from table 1 demonstrate that in the blood 
serum of cattle from the witness plot, inoculated with Schaedler broth, there haven't 
been marked out in the whole experimental period, specific antibodies towards the 
components existents in the composition of this medium. 

It must be mentioned also that the absence of the specific antibodies has 
been recorded in the blood serum of every cattle in plot A and B, even when the 
serum was collected before the administration of the vaccines. In comparison to 
these ones, in the blood serum of every vaccinated animal have been marked out, 
through seroneutralization reaction, specific antibodies towards the existent 
antigens from the chemical composition of the vegetative cells, but also in the 
culture supernatants, concentrated through precipitation with ammonium sulphate. 
 

Table 1 
The specific antibodies titer from the blood sera of cattle from witness plot 

and vaccinated plots 

The specific antibodies titer 
Criteria 
number Plot 

The symbol 
of the 
serum T0 

After 14 days from 
the first vaccine  
administration 

After 14 days from 
the last vaccine  
administration 

W1 0 0 0 
W2 0 0 0 
W3 0 0 0 
W4 0 0 0 

1 Witness 

W5 0 0 0 
A1 0 1/256 1/512 
A2 0 1/128 1/256 
A3 0 1/128 1/256 
A4 0 1/256 1/512 
A5 0 1/64 1/128 
A6 0 1/256 1/512 
A7 0 1/128 1/1024 

2 A 

A8 0 1/128 1/512 
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A9 0 1/128 1/512 
A10 0 1/256 1/1024 
A11 0 1/128 1/512 
A12 0 1/256 1/256 
A13 0 1/128 1/512 
A14 0 1/256 1/512 
A15 0 1/128 1/512 
B1 0 1/128 1/512 
B2 0 1/256 1/1024 
B3 0 1/256 1/2408 
B4 0 1/256 1/2408 
B5 0 1/128 1/512 
B6 0 1/256 1/512 
B7 0 1/512 1/2408 
B8 0 1/128 1/512 
B9 0 1/256 1/2408 
B10 0 1/256 1/1024 
B11 0 1/128 1/1024 
B12 0 1/512 1/2408 
B13 0 1/512 1/2408 
B14 0 1/512 1/2408 

3 B 

B15 0 1/128 1/1024 
 

The specific antibodies titer varied from an animal to another, even in the 
same plot, but especially from a type of vaccine to another, mostly after the second 
administration of vaccine. 

Comparing the specific antibodies titers from the vaccinated animals in plot 
A and B, there can be concluded that in the blood serum of vaccinated animals, 
with B vaccine, even after the first administration of vaccine, the antibody titer is 
higher than in the case of animals vaccinated with A type. 
 

Conclusions 
 

The research made in the activity 4 from stage 4 followed through 
comparative analysis the determination of the immunogen value of 2 types of 
inactivated vaccines, one obtained from integral cultures of Fusobacterium 
necrophorum and the other one from the leucotoxin present in the culture 
supernatant, adsorbed on aluminum hydroxide gel, after administrating these on 
the 2 plots of cattle. The ensemble of investigations performed permitted the 
formulation of the following conclusions: 
1. The phormol, in a final concentration of 0,5 % determined the inactivation of 
Fusobacterium necrophorum cells and the transforming of the exotoxins 
synthesized by the bacterium in anatoxins, with keeping the antigenity after 
maintaining these at 37oC, for 96 hours; 
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2. In the chemical composition of both types of vaccines there have been present 
sufficient quantities of antigens which determined after inoculation, the synthesis of 
specific antibodies in decelable titers through the double immunodiffusion in agar 
gel technique and also through the seroflocculation reaction; 
3. After the first inoculation with vaccine, but also after the relapse, the specific 
antibodies titers were higher in animals from the vaccinated plot with the vaccine 
containing the leucotoxin present in the culture supernatant of Fusobacterium 
necrophorum, in comparison with the marked out antibodies titer from the animals 
serum to which has been inoculated the vaccine constituted from integral culture.  
4. Through the double immunodiffusion on agar gel reaction, in case of the sera 
collected from vaccinated animals with A vaccine, there have been marked out at 
least 2 lines of precipitation, this aspect proving that in the chemical composition of 
this vaccine existed at least 2 typed of antigens with molecular constants and 
different specificity. 
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