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Hypothesis 
 
A number of authors have hypothesised that immunity to the cause of Grass Sickness 
(GS) is developed in some horses.  Authors investigating the C. botulinum hypothesis 
demonstrated an increased level of systemic antibodies against the surface antigen of 
C. botulinum in surviving chronic cases compared to non surviving chronic cases, 
thus suggesting that antibody status may not only influence disease development but 
also the likelihood of survival (Nunn et al., 2007).  Authors investigating the C. 
perfringens hypothesis also demonstrated GS cases previous exposure to the bacteria 
when using serum in their experiments (Ochoa and de Valendia, 1978).  Further 
evidence was reported by Wood et al., (1998) of a 10-fold reduction in risk of disease 
development among horses in contact with previous EGS cases, again suggesting 
acquisition of immunity.  In this study the Ouchterlony double immunodiffusion 
method was used to observe antibody/antigen reactions between acute GS and chronic 
GS/co-grazers of GS.   
 
Antibody and Antigen interaction 
 
Antibodies are also known as immunoglobulins and they are proteins that are found in 
the blood and other body fluids.  They are used by the immune system to recognize 
and deactivate foreign objects such as bacteria and viruses.  There are five different 
types of antibody in mammals and the general structure is similar, however, a small 
region at the tip of the antibody, known as the hypervariable region, allows binding of 
different targets which are called antigens.  Identification of an antigen by an antibody 
attaches a label to it which marks it out so that other parts of the immune system will 
attack and destroy it.    
 
Ouchterlony Double Immunodiffusion principle 
 
The Oucherlony method is one method where a titer (concentration) of an antibody 
can be measured and seen.  A gel is made up and the antigen and antibody diffuse 
across the gel towards each other.  Where they meet precipitation/cross linking occurs 
and this can clearly be seen on the gel (Figure 1).  
 

 
 
 
  
 
 
 
 
 
 
 
 
 
 

Figure 1:  Line of precipitation on a gel (red arrow). 
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Materials and Methods 
 
Horses and Serum Samples 
 
Blood was collected from horses via jugular venipuncture, placed in plain vacutainers 
with no additives and left to clot at 4oC over night.  Serum was taken off and then 
centrifuged at 2500rpm for 10 minutes.  The serum was then aliquotted in 1ml 
aliquots, labelled and stored at -80oC until required.  In acute GS horses, blood was 
collected within 48 hours of development of the clinical signs of the disease.  For the 
chronic GS horses, blood was taken from day five to day 14 of disease development.  
Co-grazing horses’ blood was taken within one week of acute GS cases having been 
identified on the premises.  Co-grazers were kept at two different locations where 
multiple acute GS cases had occurred.   Samples were collected from 12 acute GS 
cases (median age 5 years, range 3-8 years), six chronic GS cases (median age 6 
years, range 4-12 years) and 17 co-grazing horses (median age 9 years, range 1-18 
years).        
 
Gel method 
 
A 1.2% agarose (Sigma3; Code: A2576) gel in sterile phosphate buffered saline (PBS) 
was made up as follows: 0.3g of agarose was dissolved in 25ml PBS (0.07M) by 
microwaving on high for 10 seconds, the mixture was then swirled twice and previous 
step repeated.  The vessel was left on the bench for two minutes.  A clean (alcohol 
sprayed) rectangular glass plate (10cm x 8.2cm) was placed on a level bench and 
23ml of the agarose and PBS mixture was gently pipetted onto the plate to a depth of 
1-2mm.  The plate was then placed in a fridge overnight in a moist atmosphere.  A gel 
punch was used to punch 4 designs in the gel (Figure 2).  Each well was 5.3mm in 
diameter and the width between wells was 4.5mm.  After punching holes a hooked 
spatula was used to remove the gel from wells if required.           
 
 

 
 

Figure 2:  Agarose gel prepared and designs cut ready for 
introduction of horse serum. 
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Control experiment 
 
A control experiment was carried out to test that the gel would allow diffusion across 
it and that lines of precipitation would occur.  Tetanus vaccine (EquipTM T, Schering 
Plough1) (antigen) and tetanus antitoxin (Tetanus antitoxin Behring, Intervet2) 
(antibodies against tetanus) were used along with co-grazer serum to test the gel.  
Since 95% of horses in the UK are vaccinated against tetanus, it is extremely likely 
that the majority of the co-grazing horses in this study will have been vaccinated, 
therefore have antibodies to this vaccine.  The centre well of design A was filled with 
40µl of tetanus vaccine (antigen) and the centre wells of designs B, C and D were 
filled with 80µl of tetanus vaccine (antigen) (Figure 3).   The number one side well of 
each design was filled with tetanus antitoxin (antibodies) (30µl in design A, and 60µl 
in designs B-C).  The number two side wells of each design were filled with tetanus 
antitoxin at a 1:10 dilution (30µl in design A, and 60µl in designs B-C). The 
remainder of wells 3-6 for each design were filled with serum from co-grazing cases 
(30µl for Design one and 60µl for designs B-D).  The gel was then placed in a 
humidified chamber in an incubator at 20oC for 24 hours.  Any precipitation lines 
were recorded by the naked eye observation by illuminating the gels on a dark 
background.  To increase sensitivity of the technique, so that precipitation lines 
became more easily identifiable two different staining techniques were attempted 
(Coomassie Blue and Silver staining). 
 
 
 
 
 

 

 
 
 
 
 
 
 
 
 
 

Figure 3:  Designs A-D and allocation of well numbers. 
 
EGS and co-grazer serum experiment 1 
 
A gel was prepared and punched as previously described.  Serum from acute GS, 
chronic GS and co-grazers of GS cases were used neat in the first experiment.  The 
centre wells of each design were filled with 40µl of sera from acute GS cases, as it 
was hoped that serum from acute cases would contain antigen to an antibody found in 
the chronic GS and/or co-grazer serum.  Wells one and two were filled with neat 
serum (30µl) from chronic GS cases and wells three to six were filled with neat serum 
(30µl)  from co-grazers of GS cases. The gel was then placed in a humidified chamber 
in an incubator at 20oC for 24 hours.  
 
EGS and co-grazer serum experiment 2 
 
The above experiment was repeated and serum volumes were increased to 80µl of 
acute GS serum and 60µl of chronic GS or co-grazer serum. 
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EGS and co-grazer serum experiment 3 
 
The experiment was repeated and serum volumes were diluted 1:10 and 1:100 to 
highlight any subtle differences present in the samples. 
 
Coomassie Blue staining method 
 
Prior to staining, excess moisture was first removed from the gel plate by application 
of a 1kg weight to a wad of filter paper. The filter paper was placed in contact with 
the gel, having been wetted with distilled water to prevent it from sticking to the gel 
surface. It was then placed on top of the gel for 15 minutes. The remaining soluble 
protein was then removed by washing the gel (three times for 15 minutes at a time) in 
0.1M of sodium chloride solution. This was followed by further pressing for 15 
minutes. The gel was dried using cold air from a hair dryer, and was placed in the 
Coomassie Brilliant Blue (Sigma3; Code: 27816) staining solution for five minutes.  
The plate was then washed with distilled water and placed in de-staining solution for 
10 minutes. 
 
Silver Staining method 
 
A silver staining kit (Amersham4, Code: 17-1150-01) was used for this procedure.  
The gel was immersed in fixing solution (10% acetic acid, 40% ethanol, total volume 
250ml) for 30 minutes and then removed from this solution.  Sensitizing solution 
(75ml ethanol, 10ml Na-thiosulphate (5%), 17g Na-acetate, 165ml distilled water) 
was then applied and the gel and solution were left to agitate for 30 minutes.  The 
sensitizing solution was removed and distilled water applied and left to agitate for a 
further five minutes.  This washing step was repeated twice more and then the last lot 
of water removed. The silver solution (0.625g silver nitrate in 250ml distilled water) 
was then added to the gel and left to agitate for 20 minutes.  Silver solution was then 
removed and the washing step (using distilled water) was repeated twice. Developing 
solution (6.25g sodium  carbonate, formaldehyde 37% w/v, made up to 250ml 
distilled water) was added and left to agitate for five minutes before being poured off 
and the washing step employed three times.        
 
Results 
 
Control experiment results 
 

Table 1: Results of Design A control experiment 

Well Substance Volume in 
 wells (µl) 

Results:  
Lines of precipitation presence/absence 

Centre Tetanus antigen 40 n/a 

Side 1 Tetanus antitoxin 30 No positive lines were present between the tetanus antigen 
and the antitoxin 

Side 2 Tetanus antitoxin 1:10  
dilution 

30 A positive line was present between the tetanus antigen 
and the tetanus antitoxin 1:10 dilution 

Side 3 Co-grazer 1 serum 30 No positive lines were present between the co-grazer serum 
and the tetanus antigen 

Side 4 Co-grazer 2 serum 30 No positive lines were present between the co-grazer serum 
 and the tetanus antigen 

Side 5 Co-grazer 3 serum 30 No positive lines were present between the co-grazer serum  
and the tetanus antigen 

Side 6 Co-grazer 4 serum 30 No positive lines were present between the co-grazer serum 
and the tetanus antigen 
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Table 2: Results of Design B control experiment 

Well Substance Volume in  
well (µl) 

Results: 
Lines of precipitation presence/absence 

Centre Tetanus antigen 80 n/a 

Side 1 Tetanus antitoxin 60 No positive lines were present between the tetanus antigen 
and the antitoxin 

Side 2 Tetanus antitoxin 
 1:10 dilution 

60 A positive line was present between the tetanus antigen 
and the tetanus antitoxin 1:10 dilution 

Side 3 Co-grazer 1 serum 60 No positive lines were present between the co-grazer serum 
and the tetanus antigen 

Side 4 Co-grazer 2 serum 60 No positive lines were present between the co-grazer serum 
and the tetanus antigen 

Side 5 Co-grazer 3 serum 60 No positive lines were present between the co-grazer serum 
 and the tetanus antigen 

Side 6 Co-grazer 4 serum 60 No positive lines were present between the co-grazer serum 
and the tetanus antigen 

 
Table 3: Results of Design C control experiment 

Well Substance Volume in  
well (µl) 

Results : 
Lines of precipitation presence/absence 

Centre Tetanus antigen 80 n/a 

Side 1 Tetanus antitoxin 60 No positive lines were present between the tetanus antigen 
and the antitoxin 

Side 2 Tetanus antitoxin  
1:10 dilution 

60 A positive line was present between the tetanus antigen 
and the tetanus antitoxin 1:10 dilution 

Side 3 Co-grazer 5 serum 60 No positive lines were present between the co-grazer serum 
and the tetanus antigen 

Side 4 Co-grazer 6 serum 60 No positive lines were present between the co-grazer serum 
and the tetanus antigen 

Side 5 Co-grazer 7 serum 60 No positive lines were present between the co-grazer serum 
 and the tetanus antigen 

Side 6 Co-grazer 8 serum 60 No positive lines were present between the co-grazer serum 
and the tetanus antigen 

 
Table 5: Results of Design D control experiment 

Well Substance Volume in  
well (µl) 

Results : 
Lines of precipitation presence/absence 

Centre Tetanus antigen 80 n/a 

Side 1 Tetanus antitoxin 60 No positive lines were present between the tetanus antigen 
and the antitoxin 

Side 2 Tetanus antitoxin 1:10  
dilution 

60 A positive line was present between the tetanus antigen 
and the tetanus antitoxin 1:10 dilution 

Side 3 Co-grazer 9 serum 60 A positive line was present between the tetanus antigen 
and the co-grazer serum.  A pattern of coalescence  
was identified between wells 3 and 6. 

Side 4 Co-grazer 10 serum 60 No positive lines were present between the co-grazer serum 
and the tetanus antigen 

Side 5 Co-grazer 11 serum 60 No positive lines were present between the co-grazer serum 
and the tetanus antigen 

Side 6 Co-grazer 14 serum 60 A positive line was present between the tetanus antigen 
and the co-grazer serum. A pattern of coalescence  
was identified between wells 3 and 6. 
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EGS and co-grazer serum experiments 
 
When looking at the gels with the naked eye, no precipitation lines could be seen.  
The gels were then stained to try and amplify any lines.  Unfortunately the results 
remained the same and no significant lines of precipitation were present in any of the 
designs A to H despite varying serum concentrations (Figure 4).   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4:  Gels after de-staining showing no lines of precipitation. 
 
Conclusions 
 
A number of authors have hypothesised that immunity to the cause of Grass Sickness 
(GS) is developed in some horses (Ochoa and de Valendia, 1978; Wood et al., 1998; 
Nunn et al., 2007).  The immunodiffusion technique used in this study was validated 
by our control experiment using tetanus vaccine and tetanus antitoxin.  Using the 
Ouchterlony double immunodiffusion technique we were unable to demonstrate any 
lines of precipitation revealing antigen/antibody interactions in serum samples of 
acute GS and chronic GS/co-grazers of GS cases.  In the absence of staining, the 
Ouchterlony double immunodiffusion assay is sensitive to 100ug/ml of specific 
antibody, however a limitation of the technique is that is requires high concentrations 
of both antigen and antibody and are relatively insensitive to antibodies with low 
affinities (Hornbeck 1991).  Optimum concentrations of antigens and antibodies may 
not have been reached in GS cases and co-grazers of GS, thus the technique did not 
show lines of precipitation.  Staining of gels using Coomassie Blue which is sensitive 
to as little as 25ug/ml of specific antibody and silver staining which can increase the 
sensitivity of immunodiffusion assays by 10-100 times (Rochu et al., 1989), failed to 
enhance observation of precipitation lines and the results remained the same. Other 
modern techniques such as western blotting or enzyme linked immunosorbent assay, 
which are more sensitive than immunodiffusion, could be utilised (Houwers and 
Nauta 1989; Choi et al., 2002).  
   
There has long been speculation to the cause of GS, some researchers suggest a 
protein exceeding 30kDa in mass or a molecule that is bound to serum proteins, 
however this may not be the case and other agents such as phenols or amines to which 
the horse would produce no antibodies maybe the culprit, thus precipitation lines 
would not occur on the Ouchterlony double immunodiffusion assay as an 
antigen/antibody interaction would not occur.  
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