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Abstract approved:

Sarcocystis neurona is the 1responsible for the disease Equine Protozoal

Myeloencephalitis (EPM). Exposure rates to S. neurona across the United States is about

50%, yet only about 2% of exposed horses develop EPM. The cell-mediated immune

(CMI) response is hypothesized to be important for protective immunity against this

disease. The effects of S. neurona infection on CMI responses, particularly interferon-y

(IFN-1) and interleukin- 12 (IL-12), in horses were investigated in this study. Seven

seronegative horses were inoculated with 107 S. neurona sporocysts (n = 5) or water, as a

control (n = 2), via a nasogastric tube. Blood was collected weekly for Western

immunoblot analysis, blastogenesis, flow cytometry, and quantification of cytokine gene

expression using Real-time RT-PCR. Cerebrospinal fluid was collected every other week

for Western immunoblot analysis. Horses were euthanized and necropsied after a nine-

week study period. All infected horses seroconverted during the study period. None of

the horses displayed any neurological symptoms and no lesions typical of EPM were

detected during the necropsy. A cell-mediated immune response was observed in the

horses infected with the S. neurona parasite. The response was characterized by an

increased antigen-specific lymphocyte response, larger CD8+ T cell percentages, and an

increased IFN-y and IL-12 expression. Most of these differences were observed early in

the study, between weeks 2 and 4. The control horses remained seronegative for the

duration of the study period.
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Introduction
Sarcocystis neurona is a unicellular parasite in the class Coccidea of

apicomplexan protozoa. Members of this class are the causative agents of many

important medical and veterinary diseases including coccidiosis and toxoplasmosis. S.

neurona is the protozoan responsible for the disease equine protozoa] myeloencephalitis

(EPM). EPM is probably the most common equine neurological disease in the United

States, accounting for greater than 35% of all spinal cord diseases in horses (Jones 2001).

Horses with EPM display varying degrees of neurological symptoms due to the

attack ofS. neurona on random parts of the central nervous system (CNS). Clinical signs

include ataxia, a pronounced head tilt, muscle atrophy, and/or difficulty swallowing

(MacKay 1992). EPM can have either a gradual or an acute onset. The disease appears to

stabilize in some horses but may also progress rapidly in other cases, leading to

devastating and irreversible damage to the CNS (Reed 2001). Treatment for EPM is

available but must be administered early and is expensive and lengthy. Current treatment

options are predominantly anti-protozoal medications, typically a combination of

sulfadiazine and pyrimethamine. Treatment is administered until clinical signs and a

diagnostic test are negative, usually over a 3-5 month period. Although antibiotic therapy

seems to be successful in 70-75% of cases, horses may relapse and require years of

medication (Fenger 1998). The direct financial costs of diagnostics and treatment of EPM

in the United States is estimated to be between $55-110 million annually (Dubey et al.

2000).

In a 1998 study conducted by the National Animal Health Monitoring System

(NAHMS), horse owners and veterinarians reported EPM to be the most important

equine infectious disease in the United States (Dubey et al. 2000). However, these



statistics may have changed with the recent emergence of the West Nile virus. The

concern about EPM can partly be attributed to the limited knowledge of this serious

disease and the lack of an effective preventative therapy. Present research efforts are

directed at constructing the S. neurona/EPM infection cycle.

The opossum is identified as the definitive host ofS. neurona (Fenger et al. 1997)

The protozoa reside as sporozoites in the epithelium of the small intestine of the opossum

and undergo cycles of schizogony, a process of nuclear division. The resulting merozoite:

produced are formed into sarcocysts. They are then packaged into oocytes and released

into the environment via the feces of the host (MacKay 2001). S. neurona has only been

found to spread to horses by the ingestion of food or water contaminated with oocyte-

infected opossum feces. The horse is a dead-end host for the protozoan; sarcocysts have

not been identified in horses and thus the infection cycle terminates (MacKay 2001).

Most horses exposed to S. neurona produce circulating antibodies and do not

succumb to EPM. Production of antibodies to the protozoan in the cerebrospinal fluid

(CSF) is associated with clinical signs of disease. Diagnosis of EPM is determined by

Western immunoblot analysis (Western blot). This analysis can detect trace amounts of

anti-S. neurona antibodies present in serum or CSF. A positive CSF Western blot must be

accompanied by the appropriate neurological symptoms in order to be diagnostic for

EPM (Johnson and Constantinescu 2001). In Oregon and across the United States, about

50% of tested horses are seropositive for S. neurona antibodies, indicating a high

exposure rate to the protozoan (Blythe et al. 1997). The incidence of disease, however, is

significantly lower than the prevalence of S. neurona and is estimated to be around 1% of

the horse population (Dubey et al. 2000).



Factors influencing the ability of a horse to resist a symptomatic S. neurona

infection are currently under investigation. Although the nature of the disease progression

is determined by a number of complex factors including the infective dose and the route

and administration of the pathogen, the host immune response is undoubtedly critical in

the elimination of S. neurona. While the immune responses to related intracellular

parasites are fairly well studied, little is known about the course of S. neurona infection

in the horse. As antibodies are found in the CSF of horses diagnosed with EPM, the

humoral immune response in these horses is apparently not capable of eliminating the

disease. Akin to other coccidian organisms, recent studies ofS. neurona have highlighted

the importance of cell-mediated immunity in disease control (Tornquist et al. 2000).

The immune response to any pathogen is mediated by the cytokine balance

established at the onset of infection. Extracellular pathogens such as bacteria and worms

generally induce the differentiation of effector cells into TH2 cells stimulated by

cytokines interleukin-4 (IL-4) and IL-6. TH2 cells, in turn, activate B-cells to initiate the

humoral immune response, also known as an antibody response. Protozoa, such as S.

neuron, and other intracellular pathogens promote the production of cytokines IL-12 and

interferon-y (IFN-y) that initiate the development of TH1 cells. This response activates

macrophages, CD4+, and CD8+ T cells that characterize cell-mediated immunity (CMI).

The initial network of cytokines produced by an infective agent is crucial for the

stimulation of the appropriate immune response.

Preliminary studies investigating the immune responses of horses to S. neurona

detected a diminished CMI response in horses displaying symptoms of EPM, including a

lesser reaction to antigen stimulation of cells and a decreased number of CD4+ T cells



(Tornquist et at. 2000). IFN-y and IL-12, cytokines specifically responsible for

stimulating the CMI response, are also believed to play an important role in the control of

an S. neurona infection. To date, immunological studies on horses have primarily been

conducted on naturally exposed horses that are already immune to or displaying

symptoms of EPM, thus limiting the understanding of initial disease progression. The

first critical steps of the immune response can now be observed due to the recent isolation

of S. neurona from the other Sarcocystis species in the opossum small intestine (Dubey

et. al 1999).

The objective of this study was to experimentally infect horses with S. neurona

and measure the resulting immune responses, particularly the expression of cytokines

IFN-y and IL-12, throughout the course of infection. The central hypothesis of this study

is that a CMI response to infection with S. neurona is essential for immunity against

EPM. Expected responses that would demonstrate this hypothesis are:

Increased lymphocyte response to antigen stimulation in horses exposed to S.

neurona

Increased levels ofCD4+ and CD8+ T cells in infected horses that do not

develop EPM

Increased cytokine expression of IFN-y and IL-12 in infected horses that do

not develop EPM.



Materials and Methods

Horses

Seven young adult horses, four geldings and three mares, were used for this

experiment. The horses were obtained from the Oregon State University College of

Veterinary Medicine (OSU CVM), OSU horse barn, and from private sellers. The

animals were determined by western immunoblot assay (Western blot) to contain no S.

neurona antibodies in their serum or CSF. All seven horses were housed at OSU

Veterinary Medicine Animal Isolation Laboratory (VMAIL) in isolated stalls and the

western blots were reconfirmed to be negative. Five of the horses were orally infected

with 1 x 107 S. neurona sporocysts (supplied by Dr. J.P. Dubey, USDA) followed by

water once daily for five days via a nasogastric tube. The remaining two horses were

sham-infected with water as controls at a later date. Each horse was given a physical

examination for any neurological symptoms before commencing the study and once

weekly during the course of the study. After nine weeks, the horses were euthanized and

necropsied to examine their brains and spinal cords. All procedures in this study were

approved by the Institutional Animal Care and Use Committee.

Sample collection

Every week, for one week pre-infection (week 0) and for the eight weeks post-

infection, between 80 and 100 ml of blood were collected via jugular venipuncture from

each horse. No samples were collected from the control horses during week 1. The blood

was collected in sterile sodium heparin and no-additive (red-top) tubes. Western blots

were performed on serum collected from the red-top tubes to detect the presence of anti-



S. neurona antibodies. CSF was collected from the lumbosacral space of each horse every

other week. Horses were sedated with intravenous xylazine and butorphanol and the

puncture site was shaved and aseptically scrubbed with betadine and alcohol before CSF

collection. Western blots were performed on every CSF sample to detect anti-S. neurona

antibodies in the CNS.

Isolation of PBMCs

Blood from the heparinized tubes was allowed to settle for one hour after

collection and prior to processing. Peripheral blood mononuclear cells (PBMCs) were

separated from the plasma by density gradient centrifugation using 1.077 g/ml

histopaque. The cells were subsequently washed two or three times with phosphate

buffered saline (PBS). Cell viability and final concentrations were determined using a

hemocytometer with cells diluted in a 0.4% trypan blue solution. PBMCs were used for

blastogenesis and flow cytometry directly after separation; the remaining cells for RNA

extraction and cytokine gene expression were pelleted at 1 x 107 cells per tube and stored

at -80°C.

Blastogenesis

Lymphocyte response to S. neurona was measured by blastogenesis assay.

PBMCs were isolated on the day of sampling, diluted in RPMI, and plated onto 96 well

flat-bottom plates at 2 x 106 cells per well. One hundred gl of RPMI were added in one

triplicate to the cell suspension to determine background stimulation. One hundred gl of

Concanavalin A (Con A) at 2 gg/ml was added to another triplicate in order to quantify



an antigen non-specific response. Triplicates of a bovine kidney culture antigen, M617,

were also included to the cell suspension at 2.5, 5.0, and 10 µg/ml to establish a baseline

response. Finally, triplicates of S. neurona antigen were added to the remaining wells at

2.5, 5.0, and 10 gg/ml in order to measure an antigen-specific response. The plates were

incubated at 37°C under 5% humidified CO2 for 5 days and pulsed with 1 tCi per well of

3H thymidine 18 hours before the end of incubation. After the 5-day incubation, the plates

were frozen at -20°C. Before harvesting, the cells from each well were thawed and

transferred onto glass fiber filters using a Skantron cell harvester and allowed to air dry.

The filter paper was punched into scintillation vials, covered with 2 ml of Ultima Gold,

and analyzed on the scintillation counter. Proliferation responses were calculated in

counts per min (cpm). A stimulation index (SI) was determined by dividing the mean

cpm of experimental wells by the mean cpm of the control (media only) wells.

Flow cytometry

Immunophenotyping of cells was determined by flow cytometry. PBMCs were

isolated on the day of sampling, diluted in PBS, and placed in micro centrifuge tubes at 2

x 107 cells per tube. Fifty gl aliquots of cell suspension were incubated for 30 min at 4°C

with primary monoclonal antibodies specific for equine anti-CD4+, -CD8+, -CD5+ (T

cells), a monocyte marker (macrophage), and mouse IgGI (non-specific binding control).

The cells were washed, resuspended, and incubated for another 30 min at 4°C in an IgG

isotype-specific GAM-FITC F(ab')2 Fc y specific fragment (Jackson ImmunoResearch,

West Grove, PA). Each aliquot was washed a final time and fixed in 2% formalin at 4°C

for no longer than five days. Before counting, the cells were diluted with PBS and filtered



through nylon mesh into glass tubes. CD4+, CD8+, CD5+, and macrophage cells were

counted on a Coulter Epics SL Flow Cytometer. B-lymphocyte numbers were calculated

using the following formula:

B-lymphocytes = 100 - (CD5+ + Macrophage).

Cytokine gene expression

In preparation for the quantification of cytokines using Real-Time PCR, cDNA

was made from RNA extracted from PBMCs. RNA isolation was achieved using Total

RNA Isolation Reagent (TRIzol, Life Technologies). PBMCs stored at -80°C were

thawed with TRIzol and chloroform to lyse the cells and expose the DNA and RNA

components. RNA in the aqueous phase was separated and precipitated with isopropanol

and washed with ethanol. The isolated RNA was resuspended in RNase free water and

the optical density at 260 nm was determined. Amplification grade DNase I was added to

the RNA to remove contaminant genomic DNA. cDNA was synthesized by reverse

transcription (RT)-PCR following the protocol of the Clontech 1" Strand cDNA

Synthesis Kit. All RNA and cDNA samples were verified by PCR to confirm the absence

of genomic DNA in the RNA sample and the presence of DNA in the cDNA sample.

cDNA was stored at -80°C until needed for Real-Time PCR.

Quantification of equine cytokine mRNA was done using a Real-Time RT-PCR

Taqman assay performed on a BioRad iCycler IQ. Cytokines analyzed for this study were

equine IFN-y and IL-12p35 (primers provided by Dr. Steve Giguere, University of

Florida College of Veterinary Medicine, Gainesville, FL). The IL-12 cytokine is

composed of two subunits: p35 and p40. Quantifying only the p35 mRNA is sufficient



for determining IL-12 expression because this subunit is the limiting step in the

regulation of the active cytokine. Equine monoclonal antibodies specific for IFN-7 and

IL-12 are not currently available, therefore, direct quantification of these cytokines is not

possible. Thus, cytokine gene expression was determined by quantifying the production

of mRNA, which is correlated to protein production, using Real-time RT-PCR. Cytokine

expression was normalized to the equine glyceraldehyde 3-phosphate dehydrogenase

(GAPDH) gene. All cDNA samples were run in triplicate in a 25 µl reaction with a no-

template control. The reaction included 12.5 µ1 of 2X Taqman Universal PCR Master

Mix, 900 mM of primer, 250 mM Taqman Probe, and 2 µl cDNA. The PCR was

performed with an incubation step at 50°C for 2 min, a denaturation step at 95°C for 10

min, and a 44 cycle amplification of 95°C for 15s and 60°C for 1 min. Real-Time PCR

data was analyzed using a BioRad iCycler IQ Real-Time detection system.

Real-Time PCR results are expressed as an amplification plot of cycle number

verses product yield. The cycle threshold (CT) is the point when the cumulative product

reaches a user defined level above the background and no-template controls and is

inversely related to the amount of starting product. Relative expression levels of the

cytokines can thus be calculated by subtracting the cytokine CT from the total cycle

number. Quantification of cytokine gene expression was calculated using the comparative

CT method (ABI Prism 7700 sequence detection system user Bulletin 2) and reported as

relative gene expression. Cytokine gene expression is determined by comparison of the

relative gene expression of the cytokines with the normalization gene GAPDH. First, the

CT of the GAPDH is subtracted from the CT of the target gene to yield the ACT:

ACT = CT (cytokine) - CT (GAPDH)



The normalized target gene is normalized again to the control group in the same

manner to obtain AACT:

AACT = ACT (infected) - ACT (control)

The change in expression of the normalized target gene of the test group is then

expressed as:

2- MMCT

The final product yields the fold increase or decrease of cytokine gene expression

of the infected group compared to the control.

Statistical Analysis

Blastogenesis and flow cytometry data were analyzed for significant differences

using two-sided two-sample t-tests to compare the infected and control groups at each

week of the study. The relative expression levels of each cytokine after normalization to

GAPDH were also tested for significance using two-side two-sample t-tests. No statistical

analyses were performed on the relative cytokine expression calculated using the

Comparative CT method. A p-value <0.05 was considered significant for all analyses.

Results

The Western blot analyses confirmed that all infected horses produced serum

antibodies against S. neurona. Three of the horses produced a weak positive band on CSF

Western blot. Conversely, no control horses had detectable serum or CSF antibodies.

None of the horses displayed neurological symptoms during the course of the study and

no lesions typical of EPM were found in any area of their CNS during necropsy.



Blastogenesis

Lymphocytes from the infected horses stimulated with non-specific antigen (Con

A) had a higher mean stimulation index (SI) compared to the control horses (Figure 1).

The infected horses had a mean SI ranging between 2.38 ± 0.9 cpm (week 1) and 135.9 ±

25.4 cpm (week 8). The control horses had a lower non-specific lymphocyte response for

each week, except week 3, ranging between 2.90 ± 1.1 cpm (week 5) and 55.6 ± 20.2

cpm (week 3).

Cells of infected horses stimulated with S. neurona antigen also had a higher

mean SI in comparison to the control horses (Figure 2). The infected horses had a mean

lymphocyte response ranging between 1.10 ± 0.1 cpm (week 1) and 53.0 ± 5.2 cpm

(week 4). Lymphocyte responses from the control group were significantly lower for

most weeks and ranged between 1.10 ± 0.2 cpm (week 5) and 7.10 f 0.7 cpm (week 0).

Both the infected and control horses displayed similar patterns of cell responses for all

concentrations of S. neurona (2.5, 5.0, and 10.0 gg/ml) during the nine-week study

period. The infected group had a peak of cell responsiveness at week 4; the control group

remained fairly constant throughout the weeks. For all concentrations, week 7 proved to

be the only week where the SI of the control horses exceeded the SI of the infected.
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Figure 1. The mean SI of infected and control horses stimulated with Con A (non-
specific antigen). * indicates significance (p<0.05).
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Figure 2. The mean SI of infected and control horses stimulated with S. neurona
specific antigen. * indicates significance (p<0.05).

Flow cytometry

Infected horses showed an increased overall mean CD8+ T cell percentage during

the study period in comparison to the control horses (Figure 3). Mean CD8+ percentages

for the infected group ranged from 14.4% ± 1.3 (week 0) to 17.7% ± 0.9 (week 2). The
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control group had a mean CD8+ T cell percentage range of 13.3% ± 2.4 (week 8) to

15.0% ± 0.3 (week 2).

Mean CD4+ T cell percentages were similar between the infected and control

horses (Figure 4). The range remained constant during the study, the infected horses

fluctuated between 39.9% ± 2.6 (week 6) and 42.7% ± 4.2 (week 1). The control horses

ranged between 31.3% ± 13.9 (week 8) and 54.5% ± 6.05 (week 4).

Percentages of CD5+, macrophage, and B-lymphocytes were erratic among the

two treatment groups and no conclusive trends were evident throughout the experimental

period.
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Figure 3. Mean percentages of CD8+ T cell subsets for the infected and control
horses. * indicates significance (p<0.05).
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Figure 4. Mean percentages of CD4+ T cell subsets for the infected and control
horses.

Cytokine gene expression

Relative expression levels of IFN-7 and IL-12 normalized to GAPDH exhibited

similar results between the two cytokines (Figures 5 and 6). The control group

maintained fairly constant expression levels throughout the study period. The infected

horses exhibited a higher mean expression of both cytokines compared to the control

group during week 3. A slightly, but not significantly, higher mean expression of IFN-y

was apparent in infected horses compared to control horses for all other weeks except

week 0. Mean IL-12 expression in the infected group also increased during week 3

compared to the control group. However, a significant drop in mean IL-12 expression

was observed during week 6 of the infected horses. This was the only week post-infection

where the infected horses had a lower mean cytokine expression compared to the

controls.
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Mean cytokine levels of the infected group ranged between 33.95 ± 0.7 (week 2)

and 39.94 ± 1.7 (week 3) for IFN-,y. The control group had lower mean cytokine

expressions ranging between 33.35 ± 1.1 (week 2) and 36.7 ± 0.4 (week 4 and 7). Mean

IL-12 levels for the infected horses ranged between 34.46 ± 0.4 (week 6) and 40.93 ± 0.5

(week 3). The control group averaged from 35.3 ± 3.5 (week 3) to 36.4 ± 0.4 (week 7).

Relative cytokine gene expression calculated using the comparative CT method

was similar to the preceding results (Table 1). A slight trend of higher fold increases of

both cytokines was noticed in the infected group. There was an increase of both cytokines

in all weeks following infection except for week 6 of IL-12. The magnitude of this

increase peaked during week 3 for both cytokines, with a 33.5-fold increase for IFN-,y

and a 56.0-fold increase for IL-12. IL-12 at week 6 was the only sampling point after

infection that had a higher control expression.
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Figure 5. Mean relative expression of IFN-y normalized to GADPH for infected
and control horses. * indicates significance (p<0.05).
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Figure 6. Mean relative expression of IL-12 p35 normalized to GADPH for
infected and control horses. * indicates significance (p<0.05).

0 1.4-fold decrease 1-fold increase

I -

2 1.5-fold increase 1.3-fold increase

3 33.5-fold increase 56-fold increase

4 1.3-fold increase 1.4-fold increase

5 6.8-fold increase 4.3-fold increase

6 1.6-fold increase 3.0-fold decrease

7 2.9-fold increase 3.1-fold increase

8 2.7-fold increase 1.2-fold increase

Table 1. Fold differences in cytokine mRNA concentrations of infected
horses relative to the controls.

Discussion

The purpose of this study was to investigate the immune responses of horses

experimentally infected with S. neurona. Infected horses able to eliminate the parasite



were hypothesized to demonstrate a strong CMI response. Western blot analyses

confirmed that all the horses in the treatment group were successfully infected. As none

of the horses developed EPM, this study could only compare the immune responses of

horses able to prevent the disease with horses never exposed to the protozoan. The

findings of this study demonstrated an increased cell-mediated immune response (CMI)

of the infected horses compared to the control.

Infected horses maintained a higher lymphocyte response to specific and non-

specific antigen stimulation. S. neurona specific responses in this group escalated during

week 4, indicating a strong CMI reaction after infection. A slight immune suppression

affecting all infected horses appears to have occurred during week 7 as the Con A and S.

neurona antigen stimulation indices lowered significantly below the controls. The

following week, the SI of the infected group was again higher than the control group.

Lymphocyte responses during week 1 were also markedly suppressed. This suppression

may be stress-induced following the nasogastric tube inoculations. The control horses are

speculated to have had a similar reduction in lymphocyte response during week 1, but no

data were collected for this week from the control group.

A higher percentage of CD8+ T cells in the infected group is also supportive of a

CMI response to S. neurona. These immune cells peaked almost immediately after

infection and then gradually decreased. A depression is seen around weeks 6 and 7 that

may be related to the decline seen in the antigen stimulation assays at the same time.

Although previous research on naturally infected horses has not shown significant

changes in CD8+ cells between symptomatic and asymptomatic horses, it is possible that

the response seen in this study may only be observed during the initial stages of infection

I



(Tornquist et al. 2000). CD8+ cells differentiate into cytotoxic CD8+ T cells responsible

for destroying infected cells and releasing certain cytokines. Thus, CD8+ cells should be

most active during early infection when attempting to eliminate a pathogen. The

importance of CD8+ cells for protective immunity has also been observed in other

apicomplexa infections such as Toxoplasma gondii (Tanaka et al. 2000).

CD4+ T cell percentages between the two equine groups did not vary significantly

during the study. These data corroborate studies performed on naturally infected horses,

which demonstrated a lower CD4+ cell count in horses with EPM and similar percentages

of CD4+ cells between asymptomatic and seronegative horses (Tornquist et al. 2000). A

heightened CD4+ response, therefore, does not appear to be necessary for protective

immunity against S. neurona. A diminished CD4+ cell level, on the other hand, appears to

be either a potential cause of EPM in horses or a result of the disease progression.

The IFN-y and IL-12 peaks during week 3 are indicative of a strong CMI response

in the infected horses. The fact that the CD8+ T cells increased prior to the two cytokines

may suggest that the brief increase of these cells during the infection is essential for the

production of IFN-7y and IL-12. After the cytokines are produced, CD8+ cells returned to

normal levels which may explain why the trend of increased CD8+cells is not observed in

naturally infected horses already past the infection stage. Both cytokines also show the

trend of decreasing around week 6, similar to the results of the antigen stimulation and

CD8+ T cell data. The apparent immune suppression after the peak of infection noticed

across all results may be attributed to the clearance of S. neurona and, consequently, the

removal of all effector cells in horses that do not develop EPM.



Because this study was designed as a pilot study, very few experimental subjects

were used. The low sample size may have contributed to the lack of clinical disease and

histological lesions in all of the infected horses. In addition, the normal variability in

immune responses between individuals is very great. Therefore, detecting trends among a

small population is difficult. Thus caution should be used when interpreting any

relationships evident in the data collected. Yet, the fact that significant differences are

observed between the infected and control horses in this study, despite the small sample

size, is suggestive of a strong trend. Also, there may be differences not seen between the

horses in this experiment that could be detected with a larger experimental population.

The results of this study, however, do support the current understanding that CMI is

critical for protective immunity against diseases caused by similar protozoans in the

Coccidea class.

With so many factors contributing to the development of disease, it is hard to

distinguish whether the infected horses in this study produced a protective immune

response or whether the dosage or pathogenicity of the organism was insufficient to cause

disease. Recent studies investigating the relationship between the S. neurona inoculation

dose and the development of clinical disease have established that 106 sarcocysts (horses

in this study were administered 107 sarcocysts) is a satisfactory experimental induction

dose (Sofaly et al. 2002). Infection with this dose appears to be greater than that acquired

naturally and consistently causes seroconversion, neurological symptoms, and CNS

lesions (Sofaly et al. 2002). However, despite the ability to produce neurological disease

and lesions from an experimental inoculation, S. neurona organisms have never been

identified within any resulting equine CNS lesions (Sofaly et al. 2002). This potential



inability to replicate a natural infection resulting in EPM suggests that horses may be

exposed to a variety of different pathogenecities and dosages of the S. neurona parasite in

the wild that have not been replicated in the lab. Further research in this area will be

invaluable to the understanding of this disease.

The capability to create an exact model of the S. neurona infection and

subsequent disease will greatly assist immunological studies. The results of this study are

part of an ongoing effort to understand the S. neurona infection cycle and the resulting

immune responses. Continued research on the immune responses of horses to

experimental infection with S. neurona is necessary to explore and verify the trends

evident in this study. This knowledge will facilitate the development and testing of

vaccines and other preventative therapy for EPM.
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