What do I need to know about Equine Protozoal Myeloencephalitis (EPM)?

By Sharon Witonsky
What is EPM? Equine Protozoal Myeloencephalitis (EPM) is one of the most common causes of equine neurologic disease in the United States (Dubey et al., 2001). It affects up to 0.5-1% of all horses in the United States at some point during their lifetimes (MacKay et al., 1997; National Animal Health Monitoring System (NAHMS), 2001). 

Overview of EPM: EPM is caused predominantly by Sarcocystis neurona, a protozoan (Dubey et al., 1991). However, there are also a small number of EPM cases which are caused by Neospora hughesi, another protozoal agent, and an even fewer number of cases that may be caused by N. caninum (Finno et al., 2007). For cases caused by S. neurona and N. caninum, horses become infected by ingesting organisms in contaminated food, water, bedding, etc.  For S. neurona, the definitive host is the opossum and it sheds oocysts, containing sporocysts, in its feces which then contaminate food and water sources.  The definitive host for N. hughesi is not known (Hoane et al., 2006), but for N. caninum, the definitive host is the dog (Dubey et al., 1998 in Duarte et al., 2006). For this article, we will refer predominantly to EPM cases caused by S. neurona.


Once horses ingest S. neurona, the organism migrates from the intestine into the central nervous system (CNS) to cause disease (Granstrom and Saville, 1998). At this time, we do not understand how S. neurona enters the nervous system. This is one of the challenges of current research that we wish to solve. Depending on where S. neurona establishes infection, this is part of the reason why we see different clinical signs (symptoms) in different horses.

Symptoms (What signs could my horse have if he/she has EPM?): Clinical signs vary from acute onset of severe neurologic disease to nebulous lamenesses that can occur for days, months or years (Dubey et al., 2001). Many horses may have subtle changes in their personality and temperaments, and they may be “dull and/or not quite as responsive” as owners/trainers previously thought. Classic clinical signs include asymmetric signs (i.e., either one side is worse than the other or only one side is affected), ataxia (i.e., incoodination, difficulty in knowing where the limbs are or should go) and muscle atrophy (i.e., loss of muscle mass depending on how long the signs have been present). It is also common for horses to develop a head tilt or ear droop on one side or difficulty in biting or chewing their food or their muzzle may droop to one side (MacKay et al., 2000). Some of the most common signs that owners/trainers notice is that the horse may stumble or trip. The hind end is often more affected than the front end. Sometimes people will notice that their horses are unsteady behind, or just very weak, and/or that they are not using their hind end well. Other times, people notice that the horse is “off” or has a subtle lameness that the horse does not warm out of and that sometimes does not get worse with flexion exams (as horses with osteoarthritis and tendon/ligament injuries regularly can). Often times, the horses may lose muscle mass over the affected area (i.e., right hind gluteal muscles) or along the top line. Some people try to feed their horse more, thinking that the horse has lost weight, but sometimes this is a loss of muscle mass due to EPM. In other cases, the horses are absolutely normal and then over a period of a day or few days, the horses become so weak (paresis) and/or incoordinated (ataxia) that they are unable to stand and cannot get up by themselves (MacKay et al., 2000; Dubey and Lindsay, 2001).

We do not know why some horses develop very slow onset of signs compared to other horses with more rapid development of signs. It could be related to the immune status of the horse, the amount of S. neurona that the horse is infected with, the virulence of the S. neurona strain, where S. neurona localizes in the CNS (what part of the brain and nerves it infects), how much tissue damage/destruction S. neurona causes and/or other unknown factors.


What should I do if I think that my horse has signs of EPM? What other diseases could it be besides EPM?  If you think that your horse has EPM, you should have your veterinarian examine your horse. There can be other causes for the signs other than EPM. Some of the other causes of one or more of the clinical signs mentioned above include musculoskeletal (lameness) issues such as arthritis and tendon/ligament tears. Other neurologic causes for the signs include trauma, cervical vertebral instability/malformation “wobbler” (CVI/CVM), West Nile virus, rabies, and herpes virus (Granstrom and Saville, 1998).  

(Mike: I can definitely condense this section. There are many difficulties with diagnosing EPM and so I wanted to give an account, but I can also condense as needed.) How to diagnose EPM? Diagnosing EPM can sometimes be very difficult. There is no single test that is 100% accurate for diagnosing EPM in every horse. Many horses have been exposed to S. neurona, and therefore, they have some level of specific antibodies in the blood. Therefore, in order to be able to use a blood test, there either has to be a certain level (cutoff titer) of antibodies at which horses are much more likely to have disease or else there have to be certain type(s) of antibodies that only horses with disease have present. For the majority of horses, we may get a high or low titer in serum or cerebrospinal fluid (CSF), but there are also some horses in the gray zone of intermediate titers. To further complicate things, it also takes time for the horse to make an immune response and develop antibodies. Therefore, there are times that we test for antibodies in the serum or CSF, yet the horse has not had time to make antibodies to S. neurona. In these situations, the test comes back negative but the horse still has disease. In addition, it is this veterinarian’s opinion that there are EPM cases in which S. neurona is so well localized in the CNS that the “immune system” is not exposed to (“or does not see”) S. neurona, and therefore, the horse does not make antibodies. Again, these horses test negative for antibodies initially, but they have disease. With these horses, once treatment is begun, this veterinarian’s experience has been that the drug kills the parasite and then the immune system “sees” the organism and mounts an immune response; the titers do increase after treatment is started and the horses often improve with treatment. 

Because there can be some challenges with tests based on antibody titers in the blood, another way of diagnosing horses is by looking for specific antibodies in the CSF because this reflects disease in the central nervous system (CNS). This is more time consuming, some veterinarians may not perform CSF taps in the field or at all and a there is a very small amount of risk involved in collecting CSF fluid. In addition, there are also times when a horse can test positive for antibodies in the CSF fluid but not have disease due to leakage of antibodies from the serum to the CSF or because there is a small amount of blood contamination into the CSF (Miller et al., 1999; Furr, 2002b). In both of these situations, the test will come back positive, but the horse does not have disease. Although this occurs in the minority of cases, it is still a consideration when considering diagnostic testing on potential EPM cases/horses. 

For these reasons, at this time, veterinarians often use a combination of tests both to rule out (i.e., make sure the horse does not have some diseases) and rule in (i.e., confirm that the horse does have) EPM. The majority of the time, based on the test results, one can make a diagnosis. However, for the purposes of this article, this veterinarian wanted to provide many of the reasons why a diagnosis can sometimes be challenging and why some veterinarians perform multiple tests. Because of the increased effort and slight risk associated with performing CSF taps, as well as the fact that there are some tests at which high antibody levels in the blood can be used to support a case of EPM (S. neurona infection), many veterinarians will test for serum antibody levels to diagnose EPM cases. 

Therefore, depending on the horse’s clinical signs, your veterinarian may want to run some other tests and/or take radiographs to try to determine whether there are other causes for the signs/symptoms. For example, if your horse has a subtle lameness, your veterinarian may want to do a lameness exam and see if he/she can identify a source of the lameness. Horses that are lame due to musculoskeletal issues will often get worse when the affected area (i.e., limb/joint/tendon) is flexed. However, horses that are lame due to neurologic disease will often not get worse with flexion exams of the affected limb. This is not a 100% rule, but it is a common finding. Other indications for taking radiographs include trauma and/or CVI/CVM to try to identify fractures and/or evidence of narrowing of the spinal column with or without arthritic changes to the neck. 


Some of the other causes of neurologic disease, (i.e., rabies, West Nile virus) can be ruled out if your horse is current on his/her vaccination status. For herpes, even vaccinated horses can develop neurologic disease. Therefore, a diagnosis is made by clinical signs, antibodies to herpes in the serum (blood) and cerebrospinal fluid (CSF), and/or also by identifying the virus (virus isolation/polymerase chain reaction (PCR)) in blood or nasal swab samples. For West Nile virus, a diagnosis is made based on clinical signs and antibodies to West Nile virus in the serum (blood).


The above mentioned tests all help diagnose diseases other than EPM. Sometimes we (the veterinarian) want to make a diagnosis as soon as possible so that we can start treating the affected horse appropriately. Therefore, sometimes the veterinarian will run multiple tests at once for several different things, so that we can reach a diagnosis, both by knowing what the horse does not have (i.e., if herpes and W. Nile titers are negative) as well as what the horse dose have (i.e., EPM tests are positive). In addition, by running multiple tests at once, the veterinarian can also reach a diagnosis sooner so that the horse can be started on the appropriate treatment as soon as possible to increase the chances of 100% recovery.

So, what tests can we use to diagnose EPM? The test that is currently recommended by the many veterinarians is the Western blot (W. blot) to look for antibodies in the blood (serum) and CSF (Granstrom et al., 1993; Furr et al., 2002a). For horses with disease, if one can detect antibodies in the CSF, then this is the most accurate method for determining if the horse’s clinical signs are associated with that disease. In some cases a veterinarian may just run a blood test to see if a horse has antibodies in the serum. If antibodies are not present, this suggests that the horse has not been exposed and does not have disease. As above, there are a minority of cases, where in the horse does have disease but tests negative because the horse has just been recently exposed and has not had time to make antibodies or the disease is so well-localized in the CNS, that the immune system has not “seen” the S. neurona organisms to make antibodies. As the CNS is an “immune privileged” space, which means that there are many fewer immune cells in the brain to “recognize and respond” to foreign antigens, that is why it is more difficult for the immune system to detect infections. Also, S. neurona is an intracellular organism, meaning it is not as “exposed” to the immune system as extracellular pathogens are. This makes it harder for the immune system to recognize S. neurona as “foreign” and mount a strong immune response to it. 

There are a few other tests that are available for testing for antibodies to S. neurona in the serum and/or CSF other than the W. blot (Granstrom et al., 1993). There is more information known about the Western blot, and so this is one reason why many practitioners use this test. One of the limitations with it is that it is just a qualitative test. The results are either positive or negative vs. quantitative tests where the results are reported as specific titers (amount of antibody), which may give us more information about the horse’s infection and disease status. Two quantitative tests that can be performed for assessing antibodies in the serum or CSF include the indirect fluorescent antigen test (IFA) as well as the enzyme linked immunosorbant assays (ELISA). With both the IFA and ELISA, high titers suggest that the horse has disease. There are intermediate titers that can be difficult to interpret depending on the exposure and stage of disease. Low or negative titers often indicate that the horse does not have disease. The final method of diagnosis is PCR. This is a very sensitive assay as it looks for any DNA from S. neurona. However, as S. neurona is intracellular (lives inside cells) and there is often not free S. neurona DNA in the CSF, the test may be negative even though the horse has disease (Furr et al., 2002a; Ellison et al., 2003a).

What can I do if my horse is diagnosed with EPM? Can horses be treated and with what? If your horse is diagnosed with EPM, there are a few different treatment options. In most cases, horses may be mildly to moderately affected and so they can remain at home or at their barn for treatment. There are some severe cases under which conditions, your veterinarian may recommend that your horse is brought to a clinic for intense treatment. In a very few small percentage of cases, your veterinarian may suggest that your horse may not respond to treatment or that the horse is so compromised that your veterinarian may recommend euthanasia.


Based on a compilation of horses from all different stages of disease and all different treatments, 70% of horses will improve at least one grade neurologically with treatment (Saville et al., 2000a; 2000b). Again, these are the results from a study of a large group of horses at different severities of disease, which were treated with different protocols for varying periods of time. Recently, MacKay (2006) suggested that in horses diagnosed with milder clinical signs, 80% of these horses would respond to treatment. In my opinion as a veterinarian, each case is different, and treatment needs to be tailored to each horse. The standard treatment regimens that have Federal Drug Administration (FDA) approval are:

1. Sulfonamide (sulfadiazine/sulfonamide/sulfamethoxazole) with pyrimethamine (sulfadiazine/pyrimethamine: ReBalance™, Phoenix)

2. Ponazuril (Marquis®, Bayer)

3. Nitazoxanide (Navigator®, Idexx)

Diclazuril (Protazil) has recently been approved, but has not yet been released. Treatment regimens need to be designed with your veterinarian. 

There are immune stimulants such as levamisole, or killed Propionobacterium acnes (Eqstim®, Neogen) or mycobacterium cell wall fractions (Eqimmune IV®, Bioniche) that can be used in addition to the above treatments. Additionally anti-inflammatory treatments such as flunixin-meglumine, Vitamin E, dimethyl sulfoxide (DMSO) and steroids can be used depending on the case (MacKay, 2006).

It is best to design a treatment protocol with your veterinarian as to what treatments to use.

How long does my horse need to be treated? Different veterinarians have varying opinions on how long a horse needs to be treated. Initially it was suggested that horses were treated until they no longer had antibodies in their CSF. However, some horses remained positive for antibodies even though they did not appear to have any clinical disease (Fenger, 1998). Therefore, horses are often treated until after clinical signs resolve. Longer initial treatment may help prevent recurrence of disease. As there are some horses that relapse (Furr et al., 2001), we believe these clinical signs are predominantly resulting from recrudescence of organisms that have been latent in the CNS compared to new exposure and new disease. Based on this information, some veterinarians treat for a prolonged period of time during the initial therapy to try to prevent horses from relapsing.

Will my horse recover completely? Will my horse get EPM again? Each horse is treated individually as it is not clear which factors led to disease in that horse, and each horse’s response to treatment may be different. There are two main factors which influence how well a horse recovers from EPM. 

1) The ability to clear the infection 

2) The ability to recover from the damage caused by S. neurona. 

There are many attributes that affect these main two factors, including the horse’s immune response to disease, the severity of infection, the location of the damage within the horse, etc among other things. Therefore, veterinarians cannot predict which horses will respond to treatment or which horses will recover completely or which horses will relapse. Veterinarians can only suggest an initial treatment and then if necessary, adjust the treatment to suit each horse. There are some established protocols for treatment which are effective for most horses. However, it is critical to have your horse reassessed by your veterinarian prior to discontinuing treatment so that your veterinarian can be sure that your horse has recovered completely.  Previous studies suggest that only 10-20% of horses make complete recoveries (MacKay, 2006). Again, this was based on all horses that were diagnosed and treated at all stages of disease with all varying treatment regimens. MacKay (2006) suggests that in horses which are diagnosed with milder signs, 50% of these horses may recover completely. Again, veterinarians cannot be certain which horses will respond to treatment and the degree of recovery by each horse. Therefore, each horse needs to be treated individually. This veterinarian believes that many horses were initially not treated for long enough periods of time and that overall clinical improvement is seen with prolonged treatment with improved therapies.

Can my horse be ridden/worked while he/she has disease? Caution must be used in riding/working horses with EPM. Ellison recently determined that horses experimentally infected with S. neurona developed more severe clinical signs of EPM when they were exercised daily (Ellison et al., 2003a, 2003b). In addition, although it is not well understood, there appears to be a role for stress and disease as horses with typically more stressful lifestyles (i.e., showing, shipping, performance, breeding) had an increased risk for developing disease (Saville et al., 2000a; 2000b).  Therefore, at least in the initial treatment period, veterinarians often suggest that horses not be worked until we know that they are improving clinically. Even once horses start improving clinically, and it depends on the severity of signs, very light riding is often suggested until the horses are 100%. When horses are restarted after having time off from EPM, this veterinarian recommends that people view their horses as being out of shape and start them back slowly to be sure that they do not relapse. 

What if my horse is a pregnant mare or stallion used for breeding (What precautions do I need to take) Can I breed my mare while she has EPM? As mentioned above, there is an increased risk of disease associated with performance, breeding and shipping horses. Therefore, it is not recommended that you breed your mare or collect your stallion if your horse has or is just recovering from EPM. With regard to treating horses with EPM, studies with sulfadiazine/pyrimethamine did not show any effects on pregnancy rates, early embryonic death (EED) or semen quality (Brendemuehl et al., 1998; Bedford et al., 1999). There are some studies in which pregnant mares treated with sulfadiazine/pyrimethamine had foals with congenital abnormalities (i.e., renal and bone marrow aplasia (Toribio et al., 1998). Studies with ponazuril show that horses given 6x the regular dose (30mg/kg) for 28 days did develop moderate uterine edema. However, mares given 2x dose (10mg/kg) did not develop edema (Kennedy, 2000). In a small trial, ponazuril was safe in pregnant mares (Kennedy, 2000).  

What can I do to prevent disease? The opossum is the definitive host, and therefore, trying to keep horse feed sources from exposure to opossums is encouraged but not always possible or realistic. At one time, there was a S. neurona killed vaccine available from Fort Dodge Animal Health (FDAH). However, this vaccine is no longer commercially available.  

What keeps my horse from getting disease (immune response) or why do some horses get disease and others do not? Studies show that exposure (i.e., seroprevalence; antibodies in the blood) to S. neurona is high nationwide, at least 50%. However, only 0.5-1% of all horses develop disease during their lifetimes (NAHMS, 2001). Additionally, stress from performance can increase the risk of developing disease (Saville et al., 2000a; 2000b). Based on this information, it suggests that the immune system may be compromised in some horses that develop EPM. Complementary studies in mice do suggest that immunodeficient mice develop much more severe disease, whereas immunocompetent mice are capable of preventing disease (Dubey and Lindsay, 1998, Witonsky et al., 2003a, 2003b, 2005). Collectively these studies suggest that if the immune system is compromised horses may be at increased risk for disease. Some studies show that EPM horses had decreased CD4, decreased proliferation responses to S. neurona and decreased interferon-gamma cytokine expression compared to unaffected horses (Tornquist et al., 2001; Spencer et al., 2004; 2005). An exact mechanism of immunosuppression in horses due to S. neurona infection in the horse has not yet been determined. Overall good health and preventative care is encouraged for trying to prevent disease due to EPM. 

Cases caused by Neospora: diagnosis, treatment, response: As stated earlier, there are a few cases of EPM that are due to N. hughesi and possibly N. caninum. Clinical signs in these horses are similar to that caused by S. neurona. Diagnosis is made by clinical signs as well as looking for Neospora antibodies in the serum and CSF (Finno et al., 2007). Additionally, as Neospora is also a protozoal agent similar to S. neurona, treatment is the same as for S. neurona-mediated EPM (Finno et al., 2007). 

What is the latest newest information? One of the most recent findings is that there are some differences in cell surface protein expression between S. neurona stains. This could impact our ability for developing additional diagnostic tests and vaccines. Crowe et al., (2008) determined that there are some S. neurona strains that express a surface antigen-5 (SAG-5) protein whereas other strains express (SAG-1). This has important implications for new diagnostic tests. It has not yet been determined whether antibodies to SAG-1 and SAG-5 are cross-reactive. If the antibodies do not cross react this means that diagnostic tests or vaccines that are exclusive for SAG-1 or SAG-5 will not detect or protect against all EPM cases. Another recent finding is that Ellison has developed a SAG-1 based vaccine which demonstrated some efficacy is a small trial (Ellison and Witonsky, 2008, in press). This provides some promise for protection. Larger safety and efficacy trials are underway. Caution is needed as it still must be determined whether this vaccine can prevent against challenge from all S. neurona strains (i.e., SAG-5 expressing strains).

What research are we working on at Virginia Tech?: Investigators at Virginia Maryland Regional College of Veterinary Medicine (Lindsay, Gogal) along with collaborators (Ellison, Andrews) are interested in different areas of EPM. We are interested in developing a diagnostic test that can diagnose horses with EPM earlier in disease. We believe that if we can detect EPM affected horses earlier, there will be less neurologic damage to the horse and the horse will make a complete recovery with decreased losses in training, performance and costs from treatment. To date, we have determined that both naturally and experimentally infected horses with EPM have suppressed immune responses in vitro (in culture) to a particular mitogen (drug that causes cells to proliferate) (Yang et al., 2006; Witonsky et al., 2008). We are now determining whether S. neurona infection causes this suppression as a means to determine whether this test could be used as a supplemental assay for earlier diagnosis. 


Besides developing new diagnostic assays, we are interested in determining why some horses develop disease and others do not. We are interested in further defining the protective immune response so that we will know what type of immune response is needed to prevent disease. By knowing this, we can determine if horses that develop disease have altered protective immune responses. Using mouse models, we determined that the CD8 lymphocytes of the immune system and the cell-mediated immune response are critical for protection (Witonsky et al., 2005). We next tried to determine whether naturally infected and /or experimentally infected EPM horses had alterations in their CD8 responses or other components of the immune response (Yang et al. 2006; Witonsky et al., 2008). From these studies, we determined that there were alterations in the immune response (in vitro) as above, and in these small studies we did see an increase in CD4 populations in naturally infected horses whereas there was a decrease in viability of CD8 populations in experimentally infected horses  (Yang et al., 2006; Witonsky et al., 2008). We are just concluding the analysis from another recent study to determine the mechanisms of the altered CD4, CD8 and suppressed proliferation responses. We will determine if S. neurona has an effect on the immune response and the potential to use this assay as a supplemental diagnostic assay.

In addition to these studies, Witonsky has been involved in the clinical trials for Ellison in determining whether the new SAG-1 vaccine is protective against disease (Ellison and Witonsky, 2008 in press). Safety studies as well as a larger challenge trial are planned.  
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