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Equine grass sickness (EGS) is a debilitating and often fatal disease affecting grazing horses, ponies 

and donkeys. EGS occurs predominantly, but not exclusively, in northern European countries and 

Great Britain has the highest incidence of EGS worldwide.  Despite more than a century of research, 

the cause of EGS has not been identified. Almost all cases of EGS occur in horses with access to grazing, 

and therefore we think it is likely that affected horses have been exposed to some form of toxic agent 

which is present in the soil or pasture.   

Scientific evidence suggests that EGS may be associated with the bacterium Clostridium botulinum (C. 

botulinum) type C, which is found commonly within soil and is capable of producing a range of toxins, 

including potent neurotoxins (toxins that damage the nervous system), to which horses are 

particularly sensitive.  The proposed theory is that EGS is a toxico-infectious form of botulism caused 

by C. botulinum type C, with the disease occurring when a combination of risk factors triggers the 

production of neurotoxin locally in the horse’s intestinal tract. 

Several research studies of EGS have demonstrated a protective effect of natural immunity to C. 

botulinum type C.  Cases of EGS have been shown to have lower antibody levels to C. botulinum type 

C compared to unaffected healthy control horses, and increasing antibody levels to C. botulinum type 

C have been associated with a significant decrease in the risk of EGS.  In addition, other clostridial 

diseases, such as tetanus and botulism, are successfully prevented by vaccination, suggesting that it 

should theoretically be possible to prevent EGS by vaccination.  

In both human and veterinary medicine, experimental challenge studies are the most commonly used 

research method to test the efficacy of vaccines for disease prevention. It is not possible to assess the 

efficacy of a candidate vaccine for the prevention of EGS experimentally, as it is not possible to 

artificially reproduce the disease. Therefore, a field vaccine trial represents the only available method 

of evaluating the preventive effect of vaccination and testing the theory that C. botulinum type C 

toxico-infection causes EGS.    

 
 
 
 
The main purpose of this nationwide field vaccine trial was to evaluate the efficacy of Clostridium 
botulinum (C. botulinum) type C vaccination in preventing naturally occurring equine grass sickness 
(EGS) in a selected population of horses and ponies in Great Britain. 
 
The specific objectives of the vaccine trial were: 
 

1) To quantify the protective effect of vaccination by comparing the frequency of EGS cases 
occurring in horses and ponies vaccinated with the C. botulinum type C vaccine with the 
frequency of EGS cases in horses and ponies residing on the same premises which received an 
inactive placebo injection (as a control group).  
 

2) To use pre- and post-vaccination antibody levels in blood samples to measure the immune 
response to vaccination with the C. botulinum type C vaccine. 

 
 

Purpose of the EGS vaccine trial  
 

Introduction  
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In the three years leading up to the launch of the EGS vaccine trial, a huge amount of preliminary 
research and planning was undertaken to ensure vaccine safety and to optimise the study design. This 
included a preliminary safety study, which confirmed that the C. botulinum type C vaccine was safe in 
horses as young as 3 months of age when administered by intramuscular injection. We also undertook 
a small one year pilot field vaccine trial, which was designed to test the methods used for recruitment 
and vaccine administration, rather than to test the effect of vaccination. This pilot trial provided 
invaluable information regarding the feasibility of undertaking a full-scale nationwide field vaccine 
trial and provided evidence of vaccine safety under conditions of field use (rather than the 
experimental setting of the safety study), and of immune response to vaccination.   

The nationwide EGS vaccine trial launched in spring 2014, and was co-ordinated by the Animal Health 
Trust, in collaboration with the Dick Vet Equine Hospital, Royal (Dick) School of Veterinary Studies, 
University of Edinburgh; the Philip Leverhulme Equine Hospital, Institute of Veterinary Science, 
University of Liverpool and the School of Veterinary Medicine, University of Surrey.   We used a 
randomised placebo-controlled trial design, aiming to determine the efficacy of C. botulinum type C 
vaccination in preventing EGS by comparing EGS incidence between groups of vaccinated and 
placebo-treated horses/ponies.  

 
 
 
 

Protocol review and ethical approval 

In order to ensure that all participants’ safety, rights and wellbeing were protected throughout the 
EGS vaccine trial, the protocol and methods were extensively reviewed by several independent 
groups of people.  An outline of the trial methodology was reviewed by independent veterinary 
advisor committees of several of the large charitable organisations that contributed funding towards 
the conduct of the trial, as part of the application process for award of research grants. The trial 
received institutional ethical approval from Research Ethics Committees at the Animal Health Trust, 
the University of Edinburgh and the University of Liverpool, and was conducted under an Animal Test 
Certificate issued by the Veterinary Medicines Directorate. The Veterinary Medicines Directorate 
(VMD) is an executive agency, sponsored by the Department for Environment, Food & Rural Affairs, 
which protects animal health, public health and the environment. An Animal Test Certificate 
authorises the use of a veterinary medicine during a veterinary field trial, and the application 
procedure ensures that trial protocols are in compliance with UK animal welfare legislation, and 
includes extensive risk assessments to ensure the safety of animals enrolled in the trial, as well as the 
safety of people using the medicines under investigation and handling treated animals. 

Sample size calculations 

Using previously published research data, a target sample size was calculated prior to commencing 
the EGS vaccine trial. This was based on an estimated incidence rate of 2 cases per 100 horse-years 
at risk affecting horses/ponies in the placebo-treated control group, and an assumption that the 
incidence would be at least a four times smaller in the vaccine treatment group (e.g. 0.5 cases per 
100 horse-years at risk or less).  These figures were used to calculate a minimum number of horse-
years at risk required during the trial – this is a factor of both the overall number of horses/ponies 

Methods used in the EGS vaccine trial  
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and how long each individual horse or pony is enrolled in the trial for. Therefore, a target number of 
horse-years at risk calculated as 1,800 resulted in a required sample size of 1,000 horses and ponies, 
each to be followed for a two year period, allowing some leeway for “loss to follow-up” – for example 
horses/ponies sold after enrolment or moving to non-EGS affected yards.   

These sample size calculations were performed to ensure that the trial had sufficient statistical power 
to determine whether the vaccine significantly reduces the risk of EGS.  Statistical power for any study 
represents the likelihood of statistical analysis of the data finding a significant effect of treatment, 
where the treatment truly is effective (i.e. avoiding a “false negative” result, where the statistical tests 
fails to provide evidence of a positive response to an effective treatment). A standard minimum 
accepted level for study power is considered to be 80% (in both human and veterinary research), 
which means there would be an eight in ten chance of detecting a difference of the specified 
treatment effect – so in the case of the EGS vaccine trial, the calculations aimed to provide an 80% 
chance of demonstrating that the EGS incidence in the vaccine group was at least a four times lower 
compared to the placebo group.  

Recruitment of premises and eligible horses 

EGS-affected premises that met inclusion criteria for the EGS vaccine trial, and owners keeping their 
horses on these premises, were recruited via a number of different routes. Both horse owners and 
veterinary surgeons participating in our preceding feasibility questionnaire study, who had expressed 
an interest in taking part in the nationwide trial, were contacted to invite them to participate. Horse 
owners were able to register their interest in participating in the vaccine trial directly via submitting 
their contact details online through the EGS surveillance scheme website or to the Moredun 
Foundation EGS Fund.  The trial was also highlighted in several veterinary practice client evenings and 
other events featuring presentations from members of the EGS vaccine trial team, and numerous 
equestrian magazine publications, with articles about EGS written by the EGS vaccine trial team.  
Flyers/posters and further information about how to register interest in participating were posted on 
various social media sites.    
 

Owners were mailed study information packs, containing the owner information booklet and horse 
enrolment forms. Once completed horse enrolment forms were returned, the veterinary practice 
with which the owner’s horses were registered was contacted directly to invite their participation, 
and senior veterinary surgeons were then recruited as “Site Investigators” for the trial.  This ensured 
that all trial veterinary visits could be co-ordinated through the vet practice with which horses/ponies 
were usually registered, meaning that participating owners had the confidence of dealing with a vet 
they know and trust throughout, and it also helped to guarantee that there was complete continuity 
for preventive healthcare and any other veterinary care for enrolled animals.  Once recruited, 
veterinary practices were sent study information packs, together with posters and flyers, allowing 
them to invite additional horse owners registered with their practice to take part in the trial.  
 

Study design and treatment group allocation 
 
This was a placebo-controlled randomised study which used a parallel group experimental design, 
based on the highest standard protocols used in human clinical trials (Figure 1).  Having a group of 
placebo-treated horses and ponies is vital in a trial aiming to evaluate the effectiveness of vaccination 
against EGS.   
 
Participating owners from eligible premises completed telephone questionnaires to obtain baseline 
premises and horse data, and horses/ponies which did not meet all the inclusion criteria were 
excluded at this point.  All horses and ponies enrolled in the trial were privately owned, or kept by 
equine charities/sanctuaries.  While ensuring that horses/ponies met the trial inclusion criteria, 

Page 3 of 20 



 

participating owners were permitted to select which of their animals they wished to enrol in the study. 
Horses/ponies needed to have a valid passport, be more than six months of age, and pregnant mares 
or mares with foals at foot were not eligible to be enrolled, since the vaccine has not yet been tested 
for safety in pregnant mares. Once participating owners had completed baseline telephone 
questionnaires, and horses/ponies were considered to meet study inclusion criteria, each individual 
animal was allocated a unique seven digit identification number.  The first three digits of each horse 
identification number represented the identification number for the premises on which the 
horse/pony was kept and the last four digits were unique to each individual animal.   
 
Horses/ponies that met all study inclusion criteria were randomly allocated to one of two treatment 
groups at a 1:1 ratio (C. botulinum type C vaccine or the placebo group) (Figure 1).  This process is 
referred to as “randomisation” and its purpose is to ensure that the only major difference between 
the two groups is whether they receive the vaccine or the placebo.  Several risk factors for EGS have 
been identified in previous research studies and without proper randomisation it could be possible 
that existing risk factors for EGS might affect the evaluation of the vaccine’s efficacy.  As young adult 
horses are at significantly higher risk of EGS, on each premises, horses and ponies less than 8 years of 
age were randomly assigned their treatment group separately from those aged 8 years or older.  This 
method of “stratified randomisation” helps avoid the scenario that purely by chance during random 
allocation, all older horses could be assigned to one treatment group while all younger, higher risk 
horses could be assigned to the other.  Using the last four digits of the horse/pony’s unique 
identification number, treatment group for each animal was assigned at random immediately 
following enrolment using computer-generated random numbers.  

 

Figure 1: Illustration of the parallel group randomised placebo-controlled trial design for the 
nationwide field trial of a C. botulinum type C vaccination for the prevention of EGS. 

 

To ensure the scientific validity of the EGS vaccine trial, it was performed as a “triple-blinded” study, 
meaning that all participating veterinary surgeons and owners did not know each horse or pony’s 
vaccination status throughout the duration of the study.  Additionally, all study staff responsible for 
data analyses and laboratory analyses did not know each horse or pony’s vaccination status 
throughout the duration of the study, until statistical analyses were completed.  This procedure is 
commonly referred to as “blinding” or “masking” and is very important to ensure that the findings of 
any clinical trial are not influenced in any way by the expectations of people taking part.   
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Treatment administration  

The vaccine used in this trial was a C. botulinum type C toxoid vaccine, containing inactivated C. 
botulinum type C toxins (rather than the live bacteria).  This type of vaccine is very similar to the 
tetanus toxoid vaccine commonly used to prevent tetanus in horses and ponies.  A placebo is an 
inactive substance containing no medication, used as a control in tests to determine the effectiveness 
of a medicinal drug/vaccine.  In the EGS vaccine trial, the placebo injection was selected based on the 
similarities to the vaccine – it had the same appearance and formulation as the vaccine except that it 
did not contain the active component (the inactivated C. botulinum type C toxins), and therefore 
would not provide any immunity. 

At the first veterinary visit, participating vets performed a thorough clinical examination of all of 
eligible animals, and only horses and ponies in good health were included in the treatment phase of 
the study.  The primary treatment course consisted of three doses of either the vaccine or placebo 
administered at 21 day intervals. Twelve months following completion of the primary treatment 
course, a further booster dose of either vaccine or placebo was administered to the horses/ponies 
remaining on the study.  Following approval of an extension of the trial study period, horses/ponies 
enrolled during 2014 and the first quarter of 2015 were eligible to receive a second annual booster 
injection 12 months after the initial annual booster. 

Monitoring and follow-up 
 
Before animal enrolment, baseline information was gathered via telephone questionnaires (Figure 2), 
which were specifically designed to assess inclusion criteria and to obtain information about premises-
level, horse-level and management-level risk factors for EGS.  Throughout the trial, follow-up telephone 
questionnaires were performed to obtain information regarding any changes in management and health 
for individual horses and ponies (Figure 2).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: Diagram of the protocol schedule for treatment administration and monitoring for 
horses/ponies enrolled in the EGS vaccine trial. 
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Participating owners undertook daily post-treatment 
observations for a seven day period following each 
injection (Figure 2).  This included thorough inspection of 
the injection site for signs of vaccination reactions together 
with assessment of appetite and demeanour, and findings 
were recorded on standardised post-treatment 
observation recording forms (an example of which is shown 
in the top image to the right). 
 
Based on feedback from vets participating in the pilot trial, 
to make completion of trial reporting forms more 
straightforward, each horse/pony’s unique identification 
number was pre-printed on all veterinary pre-
treatment clinical examination forms and blood tube 
labels, along with the horse/pony name, and owner 
surname.   
 
Throughout the trial, vets also submitted recording 
forms to document any additional veterinary 
medications that were administered to enrolled 
horses/ponies. Prior to treatment administrations, each 
horse/pony received a thorough veterinary clinical 
examination, and findings were recorded using standardised 
veterinary pre-treatment clinical examination forms (an 
example of which is shown in the bottom image to the right).                                                                                                  
 
Blood samples were obtained for routine health screens 
(Figure 2): before the first vaccine or placebo injection (pre-
trial health screen) and following each booster injection 
(post-trial health screen).  Additional veterinary 
examinations were performed approximately two weeks 
following completion of the primary treatment course 
and two weeks following each booster treatment at the 
time of blood sample collection.   
 
We know from previous research studies that there is an association between the risk of EGS and both 
worm burden and the use of certain types of wormers; however the exact nature of this relationship is 
not clear.  In order to establish the worm burden of all enrolled horses and ponies, blood samples were 
also collected to check tapeworm antibody levels, after completion of the primary injection course, and 
immediately prior to each booster injection (Figure 2).  Surplus blood samples from these routine health 
screens were then used to measure C. botulinum type C antibody levels in horses and ponies from both 
treatment groups. 
 

Data analysis 
 
Scheduled interim data analyses were undertaken in March 2015 and February 2016.  These analyses 
were performed to check the assumptions on which the sample size calculations were based, to 
ensure the method of randomisation was effective in achieving a similar mix of animal and 
management factors between the two treatment groups, to monitor vaccine safety and to allow early 
detection of any statistically significant evidence of vaccination effect for preventing EGS. The 
recruitment phase took a considerably greater period of time than anticipated to enrol the required 
number of horses/ponies. Interim analysis in 2015 showed a low EGS incidence overall within the first 

The image above shows an example of the                   
post-treatment observation recording form 
which owners completed following each 
injection during the trial.  

The image above shows an example of the                   
pre-treatment clinical examination form, 
which vets completed for each horse/pony at 
every veterinary examination during the trial.  
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year of the trial, and confirmed that the number of horses enrolled at that stage was insufficient. 
Therefore, the trial study period was amended to include extended follow-up into a third year for 
enrolled horses/ponies and follow-up data collection was extended for an additional 18 months.   

The EGS incidence rate (number of EGS cases over the vaccine trial study period) was compared for 
the group of horses and ponies receiving the C. botulinum type C vaccine and those receiving the 
inactive placebo injection.  Advanced statistical methods were also utilised to identify risk factors for 
EGS, and for low C. botulinum type C antibody levels, during the trial.  Statistical tests were also used 
to compare C. botulinum type C antibody levels and the frequency of post-injection reactions 
(separately for veterinary-reported adverse reactions and all data collated from owner-reported post-
treatment observation forms) between the vaccine and placebo groups.   

 

   

Recruitment and enrolment   
 

Recruitment for the trial launched in late March 2014 and a total of 558 horse owners were screened 
for potential eligibility (Figure 3).  Over 2,000 horse enrolment forms were mailed to owners interested 
in participating, or to veterinary practices for dissemination to their clients.  A total of 1,132 completed 
horse enrolment forms were received, and only animals meeting inclusion criteria were enrolled. The 
first horses were randomly allocated to either the vaccine or placebo-treated control groups on the 
28th of March 2014. Unfortunately, only 604 eligible horses/ponies had been enrolled by the end of 
December 2014, and the target sample size of 1,000 horses/ponies was not reached until December 
2015.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3: Flow chart showing the EGS vaccine trial recruitment process and pre-randomisation 
withdrawals and exclusions.   

Results of the EGS vaccine trial  
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Trial population    
 
A total of 120 eligible premises were included in the vaccine trial (Figure 4), of which 52.5% were 
located in England and 47.5% were located in Scotland, with no trial sites located in Wales. The 
majority of trial sites were the owners’ home premises (51.7%), or rented/private yards (20.0%).  A 
further five premises were recruited but subsequently excluded: two premises were excluded prior to 
commencing the treatment phase as they did not meet inclusion criteria, and three premises were 
excluded due to failure to commence the treatment phase following randomisation (where no 
enrolled animals received the first trial vet visit) (Figure 4).  

 
Calculated from data provided in the premises baseline questionnaires, prior to commencing the trial, 
participating premises had an average EGS incidence rate of 2.23 cases per 100 horse-years at risk 
(meaning that on average, approximately one case of EGS would occur per 50 horses/ponies kept on 
these premises each year).  Prior to commencing the trial, 35 premises (29.2%) had at least one EGS 
case occurring within the same calendar year in which they enrolled in the trial. 

 
Figure 4: Map showing location of participating veterinary practices (n=85) and trial sites recruited 

between 18/03/2014 – 01/10/2015 (n=125). 

 
An average of 57.7% of the total resident horses/ponies kept on participating premises were enrolled 
in the trial, with an average of 5 animals enrolled per premises.  A total of 1,029 horses/ponies were 
randomly allocated to either the vaccine (n=541) or placebo-treated (n=488) groups (Figure 1).  
 

The average age of enrolled horses and ponies at the start of the trial was 8 years (ranging from 6 
months to 29 years). Of the enrolled horses and ponies, 50.2% were geldings, 46.3% were 
mares/fillies, and 3.5% were colts/stallions (sex was not reported for one horse).  The most numerous 
breeds UK Native breeds or Native breed crosses (17.7%, not including Welsh breeds), Welsh/Welsh 
crosses (15.5%), Irish Draught/Irish Draught crosses (14.9%) and Cob/Cob crosses (14.0%). These 
gender and breed characteristics of enrolled horses and ponies are similar to published reports about 
the British equine population.  The age, gender and breeds were not significantly different between 
the vaccine and placebo treatment groups, indicating that our random treatment group allocation 

Page 8 of 20 



successfully ensured that there were no differences in horse-level EGS risk factors between the two 
treatment groups.  
 
Prior to enrolment, horse/ponies had been kept on their home premises (trial site) for an average of 
2 years (ranging from 1 day to 25 years).  The majority of enrolled horses/ponies remained on the 
premises on which they were resident throughout the year (78.4%), although 7.4% of horses/ponies 
were reported to move to other premises for grazing at some point during the year. Forty-eight 
percent of horses/ponies were turned out fulltime at pasture year round, and during the summer 
months, a further 16.6% of horses/ponies were turned out fulltime at pasture.  The majority of 
horses/ponies remained within the same grazing group/herd throughout the year (82.6%), sharing a 
field/paddock with an average of four other horses/ponies. Management-level EGS risk factors, 
identified in previous research studies, were compared between the two treatment groups.  There 
were no significant differences between treatment groups at the start of the trial, for any of the 
management factors assessed, indicating that our random treatment group allocation successfully 
ensured that there were no differences in management-level EGS risk factors between the two groups. 
 
Seventeen percent of horses/ponies were unbroken youngsters, with a further 3.4% being backed or 
broken in at the time of enrolment.  Four percent of enrolled horses/ponies were used for breeding, 
4.4% were kept as companions/pets, and 4.1% were retired.  For ridden horses and ponies, the most 
common uses were hacking/pleasure riding (30.5%), riding school (28.8%), Riding Club/Pony Club 
activities (8.9%), showjumping (6.4%) and showing (in-hand, ridden or both; 5.2%). Twenty-one 
percent of horses/ponies were used for competition at the time of enrolment, most commonly at 
Riding Club/local show level, although a small number of horses/ponies were competing at national 
or international level. 
 

Vaccine and placebo administration     
 
At each treatment administration, the vaccine and placebo were administered by 
the intramuscular route in the neck.  All treatments were withdrawn from 
individually labelled vials, specific to each horse/pony (using the horse/pony 
unique identification number).  

Fifty five horses/ponies (5.3%) were withdrawn or excluded from the trial prior to 
commencing the treatment phase.  Therefore, 506 horses/ponies received the 
first vaccine dose of the primary course (93.5% of animals randomly allocated to 
the vaccine group) and 468 horses/ponies received the first placebo injection 
(95.9% of animals randomly allocated to the placebo group) (Figure 5).  
The average time periods between administrations of the three injections of the  
primary course were 21 day intervals, as per the trial protocol. 
 
The first annual vaccine/placebo booster injection was administered to 
392 animals in the vaccine group and 380 animal in the placebo group 
(Figure 5), an average of 364 days after completing the primary course 
of injections. For the horses/ponies enrolled during 2014 that were 
eligible to receive a second annual booster, this was administered to 180 
animals in the vaccine group and 174 animals in the placebo group, an 
average of 362 days following the first annual booster.  
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Figure 5: Flow chart showing the EGS vaccine trial profile for the 1,029 enrolled horses/ponies, with 
numbers of animals withdrawn or excluded at each treatment time point.   

The most common reasons for horses/ponies been excluded or withdrawn during the trial were being 
sold (13.0% of all enrolled horses/ponies) or moving to different premises with no history of EGS cases 
(10.6% of all enrolled horses/ponies).  

 

Tapeworm blood test results      

For all three tapeworm blood tests throughout the trial, there were no significant differences in tapeworm 
antibody levels between the vaccine and placebo treatment groups.  The tapeworm result from the last 
sample date for each horse/pony (final tapeworm result) was used for analysis of association between 
tapeworm antibody level and risk of EGS.  Final tapeworm results were obtained for 923 horses/ponies, 
of which 17.9% were high, 27.8% were moderate, and 54.3% were low.  Only one of the EGS cases 
occurring during the trial period had a high final tapeworm result. Compared to a low tapeworm antibody 
level, moderate or high results were not associated with an increased risk of EGS.  As identified in previous 
research studies, tapeworm antibody levels were significantly associated with horse age, with 
horses/ponies that had moderate or high results (average age 7 years at the time of enrolment) being 
significantly younger than those with low results (average age 9 years at the time of enrolment).    
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Incidence of EGS  
    
A total of nine confirmed EGS cases occurred during the vaccine trial, representing an overall 
incidence of 0.43 cases per 100 horse-years at risk (approximately equivalent to 1 case per 230 
resident horses per year).  A further 16 EGS cases occurred on participating premises in unvaccinated 
horses/ponies that were not enrolled in the trial: these cases were not included in any data analyses.   

All EGS cases were less than 10 years old at the time of disease onset, with seven of the nine cases 
aged less than 4.5 years.  Three EGS cases occurred amongst horses in the vaccine group, and six EGS 
cases amongst horses in the placebo group, representing incidence rates of 0.28 cases per 100 horse-
years at risk in the vaccine group and 0.58 cases per 100 horse-years at risk in the placebo group 
(Table 1). Advanced statistical methods (time-to-event/“survival” analysis) confirmed that the risk of 
EGS was not significantly reduced in the vaccine group compared to the placebo group, meaning that 
the trial failed to provide evidence of a protective effect of vaccination in the prevention of EGS.    

When calculated separately for all years of the trial, using data only from the horses/ponies enrolled 
during each year, the overall incidence of EGS in the trial population was considerably lower than the 
incidence on the participating premises before the start of the trial, and the rate used in the trial 
sample size calculations (Table 1). As described in the ‘sample size calculations’ section above, the 
trial was designed to provide an 80% chance of demonstrating that the EGS incidence in the vaccine 
group was at least a four times lower compared to the placebo group. To achieve this statistical power 
would have required an EGS incidence during the trial of approximately 2 cases per 100 horse-years 
at risk (equating to approximately 20 EGS cases occurring during the trial period). Therefore, given 
the much lower number of cases and EGS incidence within the trial population, the likelihood of being 
able to demonstrate a significant effect of vaccination in reducing the frequency of EGS compared to 
the placebo group was considerably reduced. 

Table 1: Prevalence and incidence of EGS for each year of the trial period, and for the entire trial 
period overall. 

Year 
of trial 

Treatment 

group 

Total number of 

horses/ponies enrolled 

during each year  

Number of 

EGS cases in 

each year 

Prevalence of EGS 
(percentage of 

horses/ponies affected)  

EGS incidence 
per 100 horse-

years at risk 

2014 Overall 604 1 0.17% 
 

0.43 
 Vaccine 319 1 0.31% 

 
0.82 

 Placebo 285 0 0% 
 

0 
 2015 

 
Overall 927 2 0.22% 

 
0.30 

 Vaccine 481 1 0.21% 
 

0.30 
 Placebo 446 1 0.22% 

 
0.31 

 2016 Overall 824 2 0.24% 
 

0.27 
 Vaccine 418 1 0.24% 

 
0.27 

 Placebo 406 1 0.25% 
 

0.27 
 2017 Overall 634 4 0.63% 

 
0.82 

 Vaccine 323 0 0% 
 

0 
 Placebo 311 4 1.29% 

 
1.68 

 Total Treatment 
group 

Total number of 
horses/ponies enrolled  

Number of 
EGS cases  

Prevalence of EGS 
(percentage of 

horses/ponies affected) 

EGS incidence 
per 100 horse-

years at risk 

Entire 
trial 
period  

Overall 1,029 9 0.87% 
 

0.43 
 Vaccine 541 3 0.55% 

 
0.28 

 Placebo 488 6 1.23% 
 

0.58 
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The incidence of EGS was only lower in the vaccine treatment group compared to the placebo 
treatment group during 2017 (Table 1), however this difference was not statistically significant. 
Statistical tests are all based on probability, as no data analysis can ever provide 100% certainty in the 
results. A statistically significant result (usually a difference between groups) is a result that’s not 
attributed to chance, since the statistical test indicates that there is a very low likelihood that the 
difference detected has occurred due to random, chance fluctuations.  In both human and veterinary 
research, a standard cut-off of 5% is used for defining the results as “statistically significant”, meaning 
that it is generally accepted that there could be one time out of every 20 occasions where statistical 
tests identify a difference between groups when there actually isn’t a true difference (i.e. a “false 
positive” result).  Where a result is not statistically significant, there is a higher probability that the 
findings may be due to chance alone. 

From the large number of advanced statistical tests performed to evaluate vaccine efficacy during the 
trial, there was an average of 27 – 32% probability that the difference in EGS incidence between the 
vaccine and the placebo treatment groups could have occurred through random chance alone.  This 
means that it is not possible to determine whether the reduced EGS incidence observed in the vaccine 
group was due to the effect of the vaccine, random chance alone, or other risk factors.  Consistent 
with previous research, the risk of EGS in the trial population was significantly greater for younger 
horses/ponies, and for animals with low C. botulinum type C antibody levels (both for antibody levels 
at the start of the trial before any injections, and for the final antibody levels measured at the last 
sample time point during the trial period for each animal).  

Immune response to vaccination       

In collaboration with the Universities of Edinburgh and Liverpool, the 
Immunology Group at the Animal Health Trust developed a blood test (an 
enzyme-linked immunosorbent assay [ELISA]) to allow us to measure antibody 
levels to C. botulinum type C from serum samples. Antibodies are proteins 
produced by the body's immune system when it detects harmful substances, 
called antigens. Each type of antibody is unique and defends the body against one 
specific type of antigen.  

Using the ELISA blood test, antibody levels to C. botulinum type C were measured 
before the first vaccine or placebo injection, and approximately 2 weeks after the 
third vaccine or placebo injection (i.e. after the primary treatment course for 
both groups).  C. botulinum type C antibody levels for horses/ponies in both 
groups were also measured before and after each annual booster injection.   

The average ELISA result (providing a measure of C. botulinum type C antibody 
levels) for all horses and ponies prior to starting their primary injection course 
was 0.20, and there was no difference between the two treatment groups at 
this stage.    

The placebo injection had the same formulation as the vaccine except that it 
did not contain the active component (the inactivated C. botulinum type C 
toxins), and as expected, horses and ponies in the placebo treatment group did not have a significant 
increase in their antibody levels following completion of the primary course (Figures 6 and 7).  In 
contrast, horses and ponies in the vaccine treatment group showed an increase in antibody levels 
following the primary vaccination course, with the antibody levels after the third vaccine on average 
2.5 times higher than the antibody levels before the first vaccination.  Sixty-nine percent of horses 
and ponies in the vaccine treatment group had an increase in antibody levels following the third 
vaccine of at least 2 times their pre-vaccination antibody levels. This demonstrates that the majority 

The image above shows an 
example of an ELISA plate. 
Higher concentrations of 
antibodies result in a darker 
final colour, and the wells 
with little or no colour 
represent samples with low 
antibody concentrations.  
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of horses and ponies in the vaccine treatment group had a significant immune response following the 
primary vaccination course, which is shown in Figure 6. 

 

 

 

 

Figure 6: Analysis of Clostridium botulinum type C antibodies in the vaccine and placebo treatment 
groups.  This figure shows the change in antibody levels between the blood samples taken before the 
first injection and those taken approximately 2 weeks after the third injection in both treatment 
groups. The numbers at the side represent the average antibody levels after the third injection divided 
by the average antibody levels before the first injection (fold change).  

 

In Figure 6, all the values for the change in antibody levels for horses and ponies in the placebo group 
are clustered around one, with a very limited range of values.  This would be expected as the placebo 
injection would not trigger an immune response or provide any form of immunity.  In contrast, the 
majority of horses and ponies in the vaccine treatment group had changes in antibody levels above 
one, indicating an immune response to vaccination.  However, the range of values in the vaccine 
treatment group is much wider, which reflects the large variation in individual immune response 
following the primary vaccine course.  Some horses/ponies had a very strong immune response 
following the primary course, such as the two animals marked with the asterisks in Figure 8, whose 
antibody levels increased dramatically after the third vaccine (one increasing by nearly 8 times, and 
the other by 9.4 times).  Conversely, some other horses and ponies had a lower immune response to 
vaccination, showing an increase in antibodies of 1 to 1.5 times their pre-vaccination level (shown by 
the lower vertical line in Figure 6).  This is a very similar pattern to that which is seen following other 
equine vaccinations, including the widely used equine influenza vaccines.  Factors which are known 
to influence an individual horse or pony’s response to vaccination include age, worm burden, having 
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a disease at the time of vaccination and administration of some other medications around the time 
of vaccination.  

After completion of the primary course of injections, antibody levels were significantly higher in the 
vaccine group compared to the placebo group at all other time points during the trial (Figure 7). From 
the last sample time point during the trial period for each animal, C. botulinum type C antibody levels 
were significantly higher in the vaccine group (average value 0.51) compared to the placebo group 
(average value 0.17) (Figure 7).   

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7: Line graph of C. botulinum type C vaccine and placebo group average antibody levels for 
each time point throughout the trial. Values for all nine EGS cases are plotted at the date of first 
observed EGS clinical signs.  One EGS case affecting a horse/pony in the vaccine group had to be excluded 
from data analysis for vaccine efficacy, as the horse was diagnosed with EGS before completing the primary 
vaccine course. One EGS case affecting a horse/pony in the placebo group had to be excluded from data 
analysis for vaccine efficacy, as the horse was diagnosed with EGS after being excluded from the vaccine 
trial. As in Figure 6, the vertical lines above and below each point on the graph show the range of C. 
botulinum type C antibody values for animals with levels above or below the group average.  

As shown in Figure 7, average antibody levels for horses/ponies in the vaccine group increased 
considerably following completion of the primary injection course, but then decreased again over 
time, with the average antibody levels prior to the first annual booster dropping to just above the 
average level prior to the primary vaccine course. Similarly, there was a good immune response to 
the booster vaccinations, with considerable increases in average antibody levels following each of the 
two annual vaccine administrations, however the antibody levels in the vaccine group decreased 

Antibody levels measured 
immediately prior to first 
vaccine/placebo injection, and 
approximately 14 days after the 
3rd injection (completion of the 
primary injection course) 

Antibody levels 
measured immediately 
prior to and 
approximately 14 days 
after annual vaccine/ 
placebo booster  

Antibody levels 
measured immediately 
prior to and 
approximately 14 days 
after annual vaccine/ 
placebo booster  
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again in the year period between the two boosters. These data indicate that a booster interval of less 
than 12 months would be required to maintain increased antibody levels. 

With the exception of one EGS case in the vaccine group, all EGS cases had low C. botulinum type C 
antibody levels (0.20 or less) (Figure 7).  Seven of the nine EGS cases also had lower than average C. 
botulinum type C antibody levels prior to their first vaccine/placebo injection.  

Treatment safety       

Both the C. botulinum type C vaccine and placebo injection were shown to be safe. For a seven day 
period following each trial injection, participating owners were requested to record any detectable 
heat, pain or swelling at the injection site on a four point scale that was classified as 0 = none, 1 = 
mild, 2 = moderate and 3 = severe. For the daily observations owners were also requested to assess 
and record their animals’ appetite and demeanour for the seven day period following each injection. 
Any post-treatment reductions in appetite or change in demeanour were recorded on three point 
scales (from 0 = none to 2 = completely off feed and from 0 = normal to 2 = markedly depressed, 
respectively).   
 
The most commonly reported score for all owner post-treatment observations was 0 (e.g. normal, 
with no injection site reactions or other abnormalities reported), with 87.4% of animals reported to 
have no injection site adverse reactions, following all of their trial injections.  A small proportion of 
horses/ponies in both treatment groups were reported to have mild abnormalities at the injection 
site, and/or changes in appetite or demeanour following their injections, as shown in Table 2 
(following a total of 4,006 vaccine/placebo injections).  The vast majority of these abnormalities were 
only detected on a single day of the seven day observation period, and resolved spontaneously 
without the need for veterinary attention or any treatment.  Only 11 horses/ponies had more severe 
injection site reactions (moderate to severe swellings at the injection site), which required veterinary 
attention.  
 
Table 2: Summary of owner-reported post-treatment abnormalities following each injection of the 

trial period, showing the percentage of horses/ponies with an abnormality reported on at least 

one occasion during each seven day observation period. 

Footnote: percentages highlighted in bold text indicate where there was a significant difference between the 
two treatment groups, with higher proportions of horses/ponies in the vaccine group affected compared to the 
placebo-treated group. 
 

 

Injection Treatment 
Group 

Injection 
site: heat  

Injection 
site: pain 

Injection 
site: 
swelling 

Reduced 
appetite  
 

Abnormal 
demeanour 
 
 

P
ri

m
ar

y 
in

je
ct

io
n

 
co

u
rs

e 

First injection 
Vaccine 5.1% 2.8% 7.3% 0.6% 0.2% 

Placebo  3.7% 1.4% 4.4% 0.7% 1.6% 

Second 
injection 

Vaccine 5.0% 2.8% 9.8% 0.4% 1.3% 

Placebo  1.7% 0.7% 3.1% 0.7% 0.7% 

Third injection 
Vaccine 4.6% 3.9% 9.8% 0.9% 1.7% 

Placebo  3.3% 1.0% 3.1% 0.2% 1.2% 

A
n

n
u

al
 

b
o

o
st

er
 

in
je

ct
io

n
s First booster 

injection 
Vaccine 3.4% 2.3% 5.4% 1.4% 2.0% 

Placebo  2.6% 1.7% 3.2% 0.6% 0.6% 

Second booster 
injection 

Vaccine 6.8% 4.3% 9.3% 2.5% 2.5% 

Placebo  2.5% 0.6% 2.5% 0% 0% 
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The EGS vaccine trial represented a truly unique research project – a field trial on this scale using the 
research protocols involved has never previously been undertake in equine veterinary research. As 
the trial involved so many participating vet practices, premises, owners and horses/ponies, followed 
for a prolonged study period, the trial cost far more to run than most equine research projects. 
Therefore, the trial was consortium funded, meaning that research grants were awarded by a number 
of different charities and other organisations, together with tireless work from those fundraising 
towards the vaccine trial through supporting the Moredun Foundation EGS Fund.   The vaccine trial 
would not have been possible without the combined efforts of funding agencies, horse owners, vets 
and scientists.  This is a superb example of the entire equestrian industry working together to address 
a disease that is of major importance to the welfare of the British equine population.  A vast amount 
of information was collected, for both premises and enrolled horses/ponies, together with the blood 
samples collected throughout the trial. This represents data and samples for the largest cohort of 
animals residing on EGS-affected premises collected in any EGS study to date, making it a valuable 
resource for future EGS research projects. 

The recruitment methods used in the trial were successful in identifying high risk EGS-affected 
premises. Recruitment of an adequate number of participants is essential for the successful 
completion of any clinical trial. However, randomised controlled trials often encounter recruitment 
difficulties, with only 56% of UK human clinical trials reported to have succeeded in recruiting their 
target sample size.  Additionally, recruitment for clinical trials very commonly takes a lot longer than 
anticipated, with 53% of human trials reported to require an extended recruitment phase to achieve 
their target numbers. Using this information, and other strategies identified from reviewing the 
published literature regarding recruitment for clinical trials in human medicine, several different 
strategies were implemented for recruiting owners of eligible horses/ponies for the EGS vaccine trial. 
Despite this, the time taken to complete the recruitment phase and enrol the target number of eligible 
horses/ponies was considerably in excess of the anticipated timescale, which had been estimated as 
six months based on recruitment for the preceding pilot field trial.  In an attempt to increase the 
number of eligible horses/ponies, an amendment to the trial protocol was approved in April 2014, 
changing some of the premises and horse inclusion criteria. Thereafter, the extension to the study 
period was approved, allowing us to follow enrolled horses/ponies for a further 18 months, with a 
second annual booster for those animals eligible to receive it. These changes did mean that we finally 
achieved our required number of horse-years at risk, with 224 owners enrolling a total of 1,029 
horses/ponies.  Each horse/pony remained enrolled for an average of two years, contributing an 
average of 797 days at risk per horse/pony. 

There were no significant differences in horse-level or management-level EGS risk factors between 
treatment groups at baseline, indicating successful randomisation for the treatment group 
allocations.  The randomisation methods also meant that horses/ponies could begin their allocated 
treatment course within a very short time after completion of their enrolment.  Co-ordination of 
treatment administrations was straightforward, and participating owners and veterinary surgeons did 
not report any major difficulties in undertaking the scheduled field visits.  The majority of enrolled 
horses/ponies completed the primary treatment course of three vaccine/placebo injections at 
approximately 21 day intervals. Seventy-five percent of enrolled horses/ponies received their first 
annual booster, and 67% of those animals who were eligible (under the terms of the approved trial 
extension) received their second annual booster. 

Owner compliance regarding completion of post-treatment observation forms was excellent, and 
telephone follow-up questionnaires were used successfully to gather management and health data 
for enrolled horses/ponies throughout the study period.  Since very few adverse injection reactions 
required veterinary attention, owner completion of post-treatment observation forms was a highly 

Discussion   
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successful method for gathering information about the safety of both the vaccine and placebo 
injections.  The prevalence of owner-reported local injection site abnormalities was low, with a very 
small proportion of post-injection abnormalities requiring veterinary attention.  For equine influenza 
vaccines currently available in the UK, common (defined as occurring in 1 – 10% of vaccinated animals) 
post-injection reactions include transient, possibly painful, swellings which resolve within days to 
weeks and stiffness of the neck evident after vaccination. Around two-thirds of reported adverse 
reactions following equine influenza vaccination are classified as mild or minor. The injection site 
reactions reported following vaccine and placebo injections during the EGS vaccine trial were very 
similar to those reported for influenza vaccinations, both in terms of the type and frequency of 
reactions. However, the prevalence of both veterinary-attended and owner-reported injection-
related adverse reactions was greater in the vaccine group compared to the placebo group. Again, 
this is not unexpected – vaccination involves giving an injection of a substance that is designed to 
cause an immune response, and this cannot be achieved without triggering several different 
processes within the body, including an inflammatory response at the injection site.  

The EGS vaccine trial has reinforced our understanding of some key risk factors for EGS. For example, 
findings of the trial support previous research studies which have reported an association between C. 
botulinum type C and risk of EGS, with a greater risk of EGS amongst enrolled animals that had low 
antibody levels at the time of their first trial veterinary visit.  In the previous research studies that 
have found an association between C. botulinum type C and EGS, antibody levels were only measured 
in EGS cases after they had been diagnosed with the disease.  Due to this feature of their study design, 
it would not be possible to determine definitely whether the low C. botulinum type C antibody levels 
found in EGS cases were associated with the horse being more susceptible to EGS to begin with, or 
whether for some reason the low antibody levels may actually have occurred afterwards as a result 
of the disease itself. The EGS vaccine trial has been able to show, for the first time, that low C. 
botulinum type C antibody levels were found in horses/ponies affected by EGS before the onset of 
the disease. While there was no significant difference in risk of EGS between the vaccine and placebo 
treatment groups, horses/ponies with lower final C. botulinum type C antibody levels (from the last 
sample time point during the trial period for each animal) were also at increased risk of EGS, 
regardless of which treatment group they had been randomly allocated to.  These findings have 
highlighted the key role of an individual horse or pony’s immune responses in their risk of developing 
EGS. Therefore the association between C. botulinum type C and EGS requires further research to 
determine whether toxico-infection with this bacterium causes EGS, or whether the low C. botulinum 
type C antibody levels seen amongst EGS cases represent a proxy indicator for other possible causes, 
or for differences in individual animals’ immune system responses.  

The average C. botulinum type C antibody levels were the same for both the vaccine and placebo-
treated groups at the start of the trial.  We were able to demonstrate that while horses/ponies in the 
placebo treatment group showed little change in their antibody levels during the trial, animals in the 
vaccine group showed a significant increase in their antibody levels following vaccination, with 69% 
having an antibody level which was at least two times greater than their pre-vaccination level.  Poor 
response to vaccination is a well-recognised phenomenon, where a small percentage of vaccinated 
animals fails to mount and/or maintain an adequate immune response, and this has been identified 
in several different studies investigating immune response following equine influenza vaccination. 
During the trial, C. botulinum type C antibody levels of the vaccine group decreased considerably 
between completion of the primary course and first booster administration, and subsequently 
between the first and second booster administrations.  Again, this is not unusual – antibody levels to 
equine influenza decrease over the 5-6 month period between the second and third vaccinations of 
the primary course, and often again between the third injection and the first annual booster 
vaccination. However, the data from the EGS vaccine trial indicate that booster injections would need 
to be given more frequently than once annually to maintain increased C. botulinum type C antibody 
levels. 
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We did succeed in enrolling the target number of horses/ponies, and increasing the duration of the 
trial allowed us to accrue the required number of horse-years at risk from our original sample size 
calculations. Increasing the trial duration also meant that we were able to follow enrolled 
horses/ponies through a two additional “high risk” seasons for EGS. Since previous research studies 
and data from the EGS Surveillance Scheme have consistently shown that the highest risk of EGS is 
during the spring and early summer months, the trial protocol was designed with the aim of enrolling 
animals in the late winter/early spring, to ensure that the vaccine group had received their complete 
primary course of injections ahead of the highest risk period. Unfortunately, since the recruitment 
phase had to be changed to a “rolling recruitment”, permitting animals to be enrolled at any time, 
this optimal timing of vaccination was not achieved for a large proportion of the study population.   

Having a period during the vaccine trial where EGS incidence was low was not unexpected, since the 
number of EGS cases occurring annually in the UK is known to fluctuate between different years.  As 
shown in Table 1, this was the case within the vaccine trial population, where the incidence during 
2017 was nearly twice that of the overall incidence for the whole trial period.  However, the overall 
EGS incidence, and the incidence of EGS throughout each year of the trial period, was considerably 
lower than the EGS incidence calculated for participating premises before the start of the trial, and 
the incidence rate used in the sample size calculations.  This resulted in an insufficient number of EGS 
cases to achieve adequate statistical power to provide evidence of vaccine efficacy.  Based on the 
actual EGS incidence during the trial, we would have required a far greater number of horse-years at 
risk and a much larger number of EGS cases to allow us to determine whether the vaccine significantly 
reduced the risk of EGS compared to the placebo.  Unfortunately, the likelihood of horses/ponies 
being withdrawn or excluded increases with increasing trial duration, as a greater proportion would 
be expected to be sold, put on loan, or move to other premises. This was indeed the case in the EGS 
vaccine trial, with nearly 45% of enrolled animals being withdrawn or excluded prior to the end of the 
trial. Our sample size calculations were based on having approximately 12% of enrolled animals 
withdrawn/excluded during the anticipated two year trial period, so this increased “loss to follow-up” 
did serve to reduce the number of horse-years at risk during the trial.  

Since there is potential for antibodies passed from dams to foals, via milk, to interfere with the 
immune response to vaccination, foals less than six months of age were not eligible to be enrolled in 
the trial. While EGS most commonly affects young adult horses (between 2 and 7 years of age), the 
EGS Surveillance Scheme shows that EGS can affect animals of all ages, therefore there was no upper 
limit to the age of horses/ponies for enrolment in the trial.  The average age of enrolled horses/ponies 
at the start of the trial was 8 years, and therefore a large proportion of the trial population were 
already at an age where the risk of EGS starts to decrease at the time they commenced the trial.  
Additionally, previous research has identified that horses/ponies who have had contact with an EGS 
case subsequently have a ten-fold decrease in their risk of EGS in the future, and this is thought to 
indicate some form of acquired immunity. Since all enrolled horses/ponies were kept on premises 
previously affected by EGS cases, it is possible that some of them may well have shared a field or had 
some other form of contact with a previous EGS case, and therefore had a decreased risk of EGS 
themselves.  Similarly, previous research studies have identified that new arrivals on EGS-affected 
premises are at highest risk, and that the risk of further cases decreases over time following an EGS 
case on a premises.  Enrolled horses/ponies had lived on their home premises for an average of two 
years prior to commencing the trial, and through extending the trial study period to follow these 
animals for a longer time period, it is likely that their risk of EGS was decreasing gradually throughout 
the duration of the trial. Collectively, these factors may, in part, go some way to explaining the low 
EGS incidence observed in the vaccine trial population.  
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This nationwide field trial failed to demonstrate a significant protective effect of the C. botulinum type 
C vaccine against EGS, although a lower than expected rate of disease made this difficult to achieve.  
Results of the trial corroborated previous research findings, identifying that young horse age and low 
C. botulinum type C antibody levels were significantly associated with an increased risk of EGS.  

The trial provided further evidence of vaccine safety under conditions of field use. Measurement of 
antibody levels confirmed an immune response following administration of the C. botulinum type C 
vaccine in the majority of vaccinated animals; however a booster interval of less than 12 months 
would be required to maintain increased antibody levels.  
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