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SUMMARY:  

In the United States, the wild horse and burro population has drastically exceeded the 
carrying capacity of the public lands where they are managed. According to the Bureau of Land 
Management, the current wild horse and burro population in the United States exceeds the 
maximum appropriate management level by more than 61,000.1 The overcapacity of wild horses 
and burros greatly lowers the availability of resources for the horses to maintain humane 
lifestyles. Additionally, the Bureau of Land Management has estimated that the total annual 
expenditures spent in controlling the reproduction of wild horses and burros are $81.226 
million.2  

Current contraceptive methods for female wild horses include surgical (removal of 
ovaries), hormonal (progestogen, gonadotropin releasing hormone (GnRH)), and immunologic 
(porcine zona pellucida, GnRH) methods. With the exception of surgery, all the listed methods 
are temporary, short-term solutions.3 Of the immunologic contraceptive methods, many do not 
involve the targeting of the ovarian primordial follicles, and this allows for the continuing 
development of these follicles. An ideal immunocontraceptive would target primordial follicles, 
thereby resulting in permanent nonsurgical sterilization.  

Sperm Protein Reactive with Anti-Sperm Antibody (SPRASA) is a sperm surface membrane 
protein that may be involved in sperm-egg plasma membrane adhesion and fusion during 
fertilization. SPRASA is present in the granulosa cell and oocyte cytoplasm in all follicle stages in 
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humans, mice, cows, cats and dogs.4-5 In addition, mice immunized against SPRASA became 
infertile.5  

Research from our laboratory has shown that SPRASA is expressed in the granulosa cells 
of primordial, primary, secondary, and pre-ovulatory ovarian follicles in both domestic (Equus 
caballus domesticus) and wild horses (Equus caballus ferus).6 It is not known if immunizing horses 
against SPRASA will evoke the same immune response or induce infertility as previously 
demonstrated in mice. We hypothesize that horses immunized against SPRASA will develop high 
antibody titers without developing any adverse effects. 
 
OBJECTIVES  

1. Design a novel SPRASA vaccine for horses  
2. Determine the safety and efficacy of this immunocontraceptive vaccine  

 
PROCEDURES:  
Vaccine development (completed) 

The process for creating a vaccine requires synthesis of the target protein (SPRASA), 
selection of a species-appropriate carrier protein, and selection of a species-appropriate 
adjuvant. The SPRASA sequence utilized for this research was the same sequence used in the 
previous mouse immunocontraceptive study.5 A mammalian expression system (from Genscript) 
was used to synthesize 3 mg of SPRASA peptide.   
 The SPRASA protein was then conjugated to a carrier protein (CRM 197, Fina Biosolutions, 
LLC) and the SPRASA-CRM 197 complex was mixed at a 1:1 ratio with an adjuvant (GERBU, V-
Biognostics) under sterile conditions. The sterility of the vaccine was confirmed by the Oregon 
State University Veterinary Diagnostic Laboratory. Each vaccination contained 0.24 mg of SPRASA 
protein and was a total volume of 3 mL. 
 
Vaccine trial (in progress) 
 All animal procedures were approved by the Oregon State University Institutional Animal 
Care and Use Committee (protocol #0103). For this project, only three horses will be used. The 
first horse completed the trial in October 2021. The second horse will start the vaccine trial in 
March 2022 and the last horse will start the trial in July 2022.  
 Horses receive a total of three vaccinations (an initial vaccine and two boosters) 
administered at 3-week intervals. For the first two vaccinations, a 3 mL vaccine is administered 
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into each semimembranosus/semitendinosus muscle (caudal thigh muscle). For the third 
vaccination a 3 mL vaccine is administered only into the left semimembranosus/semitendinosus 
muscle.  
 The horses are housed at the Oregon State University Horse Center facilities (stalls and 
paddocks) for the duration of the study. Horses are monitored twice daily for a 7-day baseline 
period prior to the first vaccination and their appetite, attitude, body temperature, pulse, and 
respiration rate are recorded. In addition, horses continue to be monitored twice daily until the 
completion of the study. 
 A baseline venous blood sample (5 mL) is collected immediately prior to administering 
the first SPRASA vaccination (day 1). Immediately prior to the next vaccination, a second blood 
sample is collected 3-weeks after the first vaccination (day 22). Then the second SPRASA 
vaccination is administered. Immediately prior to the next vaccination, a third blood sample is 
collected 3-weeks after the second vaccination (day 43). A final blood sample is collected 3-weeks 
after the third vaccination (day 64). 
 
Antibody detection using Western Blotting (in progress) 
 Using a precast gel (Mini-PROTEAN® TGX Stain-FreeTM Precast Gels, #456-8125, Bio-Rad 
Laboratories, Inc.), the selectivity of the horse sera samples was determined using a mixture of 
12 µL of 4X loading buffer and 36 µL of SPACA3 peptide. The mixture was boiled for five minutes 
at 100°C and then centrifuged at 1500 RPM for five seconds.  

A protein standard (1.5 µL; Precision Plus ProteinTM Standards Dual Color, #161-0374, 
Bio-Rad Laboratories, Inc.) was deposited in the first well, and concentrations of 10 µL of SPACA3 
protein were deposited in the sequential wells. The gel was placed into an electrophorator (Mini-
PROTEAN Tetra Vertical Electrophoresis Cell, #1658005, Bio-Rad Laboratories, Inc.) and covered 
with 10X tri-glycine SDS buffer. The gel was run at 200 volts for 30 minutes, or until the dye front 
ran off the bottom of the gel. The gel was then soaked in transfer buffer for five minutes.  

A semi-dry transfer was performed to transfer the proteins from the gel to the membrane 
(Nitrocellulose Blotting Membrane, AmershamTM ProtranTM, #A10034259, GE Healthcare) by 
sandwiching soaked filter paper, the membrane, the separating gel, and another soaked filter 
together. The sandwich was gently rolled to remove air bubbles and then incubated for 30 
minutes at 25 volts, 1 AMP (Trans-Blot Turbo Transfer System, #1704150, Bio-Rad Laboratories, 
Inc.). After the electrotransfer, the membrane was blocked with a 5% milk buffer solution (50 mL 
of water and 2.5 grams of powdered milk) and stored in the refrigerator overnight. 

The membrane was cut into four sections and labeled day 0, day 21, day 42, and day 63. 
Each membrane was incubated with a primary antibody mixture of 20 µL of horse sera, 
corresponding with the day of the labeled membrane, and 10 mL of 5% milk buffer to create a 
1:500 dilution and incubated for one hour on a rocker. The membrane was washed for five 
minutes with 1X PBST (0.1%) three times, and incubated with a 1:10,000 secondary antibody 



mixture of peroxidase-conjugated AffiniPure goat anti-horse IgG (#108-035-003, Jackson 
ImmunoResearch) and milk buffer for an additional hour.  

The membrane was washed for five minutes with 1X PBST (0.1%) three times, and briefly 
incubated with a 1:1 mixture of Luminol/enhancer solution and Peroxide solution (ClarityTM 
Western ECL Substrate, #1705060, Bio-Rad Laboratories, Inc.) for five minutes. Following 
incubation, the membrane was subjected to protein detection using a BioRad ChemiDocTM MP 
Imaging System. 
 
Antibody specificity using Immunohistochemistry (completed) 

Archived equine testicular tissue from three stallions was hemi-sectioned, fixed in 10% 
neutral buffered formalin, and paraffin embedded. Tissue sections were serial-sectioned (4-µm) 
onto charged slides for routine immunohistochemistry. Briefly, slides were deparaffinized in 
xylene and rehydrated in a graded ethanol series (100%, 75%, 50%). Antigen retrieval was 
conducted by incubating sections in a citrate buffer (Target Retrieval Solution, #S1699, Dako 
North America Inc.) in a microwave for 10 minutes and cooled for 20 minutes. Slides were then 
washed in buffer (#S3006, Dako North America Inc.) and tissue-specific endogenous peroxidases 
were inhibited by incubating slides in 3% hydrogen peroxide.  

Slides were washed again, and non-specific binding was blocked with serum-free protein 
(Protein Block Serum-Free ready to use, #X0909, Dako North America Inc.) for 20 minutes at room 
temperature. Subsequently, the protein block was tapped off and the diluted primary antibody 
was applied to a testicular tissue section from each horse for 120 minutes at room temperature. 
The SPRASA vaccine-induced antibody (day 42) was diluted 1:200 (Background Reducing 
Components, #S3022, Dako North America Inc.). For a positive control, the primary antibody was 
replaced with commercially prepared SPRASA primary antibody.  For a negative control, the 
primary antibody was replaced with negative control rabbit serum (Negative Control Rabbit IgG, 
#NC495H, Biocare Medical).  

Slides were then washed in a buffer and a secondary antibody was applied to sections for 
30 minutes at room temperature. For the SPRASA vaccine-induced antibody, the secondary 
antibody used was AffiniPure Goat Anti-Horse IgG (#108-035-003, Jackson ImmunoResearch 
Laboratories, Inc.). For the positive and negative controls, the secondary antibody used was One 
Step Horseradish Peroxidase-Conjugated Polymer Anti-Rabbit IgG (#IH-8064-OSU-15, Immuno 
BiosCience). The secondary antibody was washed off and NovaRED (#SK4800, Vector 
Laboratories Inc.) was applied to sections for 2 minutes at room temperature. Sections were then 
counterstained in hematoxylin, dehydrated in a graded series of ethanol (50%, 75%, 100%), 
moved through a series of three xylene baths, and cover slipped. 

Slides were evaluated by a single observer (Brynley Cozzi) at 400X magnification with a 
bright field microscope (Leica DM4000B, Leica Microsystems Inc.). Representative images from 



each testis were electronically captured using a digital camera (QImaging, QICAM 12-BIT, #QIC-
F-M-12-C). 
 
RESULTS/SIGNIFICANT ACCOMPLISHMENTS TO DATE:  
 There were no antibodies against SPRASA detected by Western blot at the time of the 
initial vaccination but there was a weak antibody response detected 3 weeks following the initial 
vaccination and there was a strong antibody response detected 3 weeks following the second 
and third vaccinations (Figure 1).  
 Following the second vaccination, a moderate local and systemic reaction was observed. 
The muscles near the injection site were tender and warm on palpation. In addition, the horse 
developed a fever with ataxia in the front limbs and weakness in the hind limbs. A single 
intravenous treatment with a non-steroidal anti-inflammatory (flunixin meglumine; 500 mg) 
resolved the fever and the muscle soreness and neurologic signs resolved spontaneously within 
1 week following vaccination.  
 Immunohistochemistry confirmed the specificity of the vaccine-induced antibody to the 
sperm acrosome (Figure 2), demonstrating that this vaccine will be effective in inducing 
infertility. 
 A scientific abstract of the preliminary findings (Appendix 1) has been submitted to the 
9th International Conference on Wildlife Fertility Control (https://www. 
wildlifefertilitycontrol.org/2022-conference/). If accepted, this research will be presented in 
Colorado Springs, CO in May 2022. 
 
ADDITIONAL FUNDING RECEIVED DURING PROJECT TERM: 

No additional funding has been received yet but a proposal was submitted in 2021 to the 
Botstiber Institute for Wildlife Fertility Control to expand this study into 20 wild horses. 
 
FUTURE FUNDING POSSIBILITIES:  

An application for funding will be submitted to the US Department of the Interior’s Bureau 
of Land Management Wild Horse and Burro Research in the summer of 2022 (https:// 
www.blm.gov/programs/wild-horse-and-burro/herd-management/science-and-research). 

 
 



 

Figure 1. Western blotting results for horse sera samples collected before the first vaccine (day 
0), after the first vaccine (day 21), after the second vaccine (day 42), and three weeks following 
the third vaccine (day 63). (PL = protein ladder;  arrow = 15 kDa; size of the SPRASA protein from 
equine ovarian tissue). 
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Figure 2. Representative image of an equine testis illustrating SPACA3 immunoexpression 
(arrows) localized to the acrosome region of the developing sperm cells using day 42 blood sera 
as the primary antibody. Negative control in upper left inset.  
  



Appendix 1. 
 
Preliminary safety study for an equine (Equus caballus) vaccine against sperm acrosome 
associated 3 protein 
 
1Cozzi, B. C., 2Zielke, R., 2Sikora, A., 3Cox, G., 1Sherwood, D., 1Kutzler, M. A. 
1College of Agricultural Sciences Oregon State University (OSU), Corvallis, OR, USA; 2College of 
Pharmacy OSU, Corvallis, OR, USA; 3Veterinary Vaccine Services, Inc., Omaha, NE, USA 
 
CONTACT: Brynley Cozzi, cozzib@oregonstate.edu 
 

Previous research has shown that sperm acrosome associated 3 (SPACA3) protein is localized to 
granulosa cells in all stages of equine (Equus caballus) ovarian follicles. The objective of this 
study was to demonstrate that administration of a SPACA3 vaccine would be safe in horses. We 
hypothesized that immunizing horses against SPACA3 would not result in adverse reactions and 
would stimulate a humoral response. 
 
A short SPACA3 sequence previously used in mice was synthesized from a mammalian 
expression system (Genscript, Piscataway, NJ) and conjugated to carrier protein (CRM-197, Fina 
Biosolutions, Rockville, MD). The conjugated peptide was mixed 1:1 with an adjuvant (GERBU, 
V-BIOGNOSTICS, San Diego, CA), which was specifically selected for its safety in horses. One 
gelding was used for this preliminary safety trial and the research was approved by the Oregon 
State University Institutional Animal Care and Use Committee (#0103). A total of three 
vaccinations were given 3 weeks apart intramuscularly into the caudal thigh. Jugular venous 
blood samples were taken before each vaccine was administered and 3 weeks following the last 
vaccine. Serum samples were subjected to routine western blotting to confirm the presence of 
SPACA3 antibodies.  
 
No long-term negative side effects or vaccine reactions occurred. Antibodies were successfully 
raised against the SPACA3 vaccine.  
 
The current contraceptive vaccine used for feral female horses and burros (Equus asinus) is 
directed against the zona pellucida 3 protein, and as such, can only target primary, secondary 
and tertiary follicles. The expression of SPACA3 expression in the pre-granulosa cells 
surrounding primordial follicles increase the likelihood that a contraceptive vaccine against this 
target will yield permanent results. Future studies are planned to evaluate the effect of SPACA3 
vaccination on follicle production in mature mares.  
 
(Acknowledgments: The United States Department of Agriculture and Agricultural Research 
Foundation funded this research.) 
 


