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ABSTRACT

Parasite infection is an extremely prevalent topic with regards to equine
health, especially when discussing cyathostomins. Cyathostomins are ubiquitous to
horses and can pose a serious health threat. Cyathostomins are resistant to, or
becoming resistant to, the few anthelmintic classes that are available for treating
these persistent worms due to overuse of these medications. All horses are born with
an innate natural immunity to cyathostomins that is existent throughout their life.
The mechanism of how and why some horses are more immune to cyathostomins is
not yet understood. Determining the mechanism behind horses’ natural immunity
could help in furthering an alternative treatment to cyathostomins other than
anthelmintics. The objective of this study was to determine if there is a difference
between the affinity of high and low fecal egg shedder fecal Secretory
Immunoglobulin A for the surface of the cyathostomin larvae by imaging worms that
were tagged using immunofluorescence. This study ultimately found no significant
difference in the binding efficacy between high and low fecal egg shedder SIgA;
however, the preliminary study did find fecal SIgA to be significant in regards to

cyathostomin infection.
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Chapter 1

INTRODUCTION

1.1 Cyathostomins

1.1.1 Overview

Cyathostomins, or small strongyles, are parasitic worms that are extremely
infectious and omnipresent in horses [1]. They are most commonly less than 2.5cm in
length, and are reddish in color [1]. Cyathostomins are one of the most prevalent

parasites of concern found in horses.



1.1.2 Life Cycle
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Figure 1. Diagram of Cyathostomin Life Cycle from S. Corning (2009).

Cyathostomins have a direct life cycle, meaning the parasite is transmitted
directly to the host without an intermediate host or vector of another species [1].
After entrance into the horse, new eggs can be shed in just five to six weeks [1].
Cyathostomins are transmitted to horses from the pasture through grazing.
Cyathostomins enter the horse's body system in the larval (L) 3 stage, develop into
adult worms, and produce new eggs that are passed through the feces and onto
pasture. The rate of development from the first larval stage, L1, to the L3 stage is

directly related to temperature [2]. In warm, or approximately 86° weather,



cyathostomin eggs can hatch and yield L3 in just three days [1]. Cyathostomins are
infectious once they enter the L3 stage where they gain a protective membrane [1].
This allows them to survive the horse's gastrointestinal tract. This membrane also
allows them to withstand freezing conditions, meaning they can survive on pasture
for up to a year [3]. If eggs at the L1 or L2 stage are ingested, they are destroyed by
the horse due to the lack of a protective membrane.

Once ingested, the L3 larvae develop into their L4 stage. These worms will
either live as L4 in the mucosa, or become encysted. Encysted worms embed
themselves into the mucosa of the intestinal wall and live there from four months up
to two years [1]. At once, encysted worms will emerge and exit the horse.
Temperature does play a role in when cyathostomins embed and emerge. In
temperate climates, it is seen most often during the cooler months with emergence
happening when the weather warms. In tropical climates it is the opposite.
Cyathostomins tend to embed during the hot summer months, with emergence in
the cooler fall [1]. However, it is not known why emergence occurs at specific times,
as the worms can be embedded in the horse for years at a time before simultaneous

emergence transpires.

1.2 Anthelmintic Resistance
Due to anthelmintic resistance, cyathostomins have been a major area of

concern. Fifty years ago, the most important parasite of horses was Strongylus



vulgaris, a large strongyle bloodworm [4]. A treatment plan using the anthelmintic
class of benzimidazoles was set in place to specifically eliminate S. vulgaris [4]. The
treatment was designed to kill S. vulgaris worms before they could mature and lay
eggs. Treatment every two months ensured that the worms were destroyed [5]. This
method was very successful in controlling S. vulgaris; however, it has since led to the
treatment of horses who do not need to be treated which has allowed for resistant
cyathostomins to survive and increase in frequency, driving resistance in the world of
equine anthelmintics [4].

Three anthelmintic drug classes exist for the treatment of nematode parasites
in horses, these are the benzimidazoles, the pyrimidines, and the macrocyclic
lactones [5]. Macrocyclic lactones are the newest class, and were launched in the
early 1980s [5]. Since then, no new anthelmintic classes have been introduced.
Currently, cyathostomins are resistant to pyrimidines and benzimidazoles, with

reports of resistance to macrocyclic lactones in recent years [6].

1.3 Cyathostomin Danger to Horse Health

Although these drugs have been helpful in the control of one parasite, their
usage has had negative impacts on other parasites. Since there are only three drug
classes, with no new ones being introduced, anthelmintic resistance in cyathostomins
is a real threat. Without treatment, cyathostomins jeopardize horses' health. As with

other nematodes, large numbers of adult cyathostomin worms can cause clinical



symptoms such as lethargy, sudden weight loss, debilitation, and diarrhea [1].
However, larval cyathostomins pose an even greater risk. When the L3 larval stage
embeds in the horse's intestinal mucosa, it can cause serious damage and reduce
nutritional metabolism [7]. Substantial damage occurs from the L4 stage larvae when
they emerge from the cysts. All embedded larvae may emerge at once in a condition
called larval cyathostominosis This has serious health implications for the horse [7].
Not only can it damage the gut wall, but there is also potential for severe colic with a

50% mortality rate [1].

1.4 Equine Fecal Egg Shedding

Classification Based on Egg Count (per gram of % of Horse Population
Egg Shedding feces)
Low 0-200 50%-70%
Moderate 200-500 5%-15%
High >500 10%-30%

Table 1. Fecal egg shedding classification adapted from Kaplan and Nielson 2010.

All horses have a natural immunity to cyathostomins, which can be quantified
through Fecal Egg Counts (FEC). As shown in Table 1, FEC’s determine the amount of
cyathostomin eggs per gram of feces (EPG) and can then be used to divide horses into
three categories: low shedder, moderate shedder, and high shedder. Low egg

shedding horses emit less than 200 eggs per gram, moderate egg shedding horses



have EPGs between 200 and 500, and high egg shedding horses emit more than 500
eggs per gram [8]. Low egg shedding horses account for 50-70% of the herd,
moderate egg shedding horses for 10-20%, and high egg shedding horses for 15-30%
[8]. The physiology that makes one horse more immune than another is not yet
understood but is a persistent trait throughout the horse's lifetime regardless of

exposure.

1.5 Secretory Immunoglobulin A

While we do not understand the physiology behind parasite immunity,
Secretory Immunoglobulin A (SIgA), is implicated in the differences in shedding
status. SIgA is a naturally occurring mucosal antibody secreted by epithelial cells in
the digestive system of mammals. SIgA is a form of Immunoglobulin A (IgA) that is
bound and transported by the polymeric Ig receptor (plgR) [9]. The plgR binds to IgA
which forms polymeric IgA (plgA). PIgA is then joined by a polypeptide J chain [9].
Once fully bound the extracellular portion of plgA is cleaved to form the secretory
component (SC) [9]. The SC remains bound to the plgA and provides SIgA with
increased resistance to bacterial proteases [9]. SIgA acts as the first line of defense
against pathogens by blocking pathogens' access to epithelial receptors, trapping
them in mucus, and facilitating their removal [10]. SIgA has been used as a biomarker
for gastrointestinal nematodes in sheep, but this relationship has not yet been

established in horses. A study performed by researchers at the Hopkirk Research



Institute in New Zealand found that in sheep, intestinal mucosal anti-CarLA IgA levels
in saliva were correlated with the immune response due to the parasite T.
colubriformis [11].

A preliminary study was conducted in the summer of 2023 by Gabrielle
Bannister and Gianna Metzger in collaboration with the Biddle Lab. The goal of this
study was to identify any correlation between fecal and salivary SIgA and
cyathostomin infection. This study used a total of 82 horse fecal samples to perform
FEC’s using the McMaster Method. The McMaster method uses flotation to separate
the eggs from other debris in the sample based on density. Since the eggs are lighter,
they float to the top of the counting chamber and can be quantified. Once shedding
status for a sample was determined, the subject was either accepted as a participant
or not on the need for their respective shedding status and cohabitation status with
another participant. Equal groups of low, moderate, and high fecal egg shedding
horses were selected for SIgA profiling. If accepted a saliva sample was collected.
Enzyme Linked ImmunoSorbent Assay (ELISA) tests were then performed for both the
salivary and fecal samples. ELISA testing measures the concentration of a specific
antigen or antibody, in this case concentration of SIgA was measured. The results of
the study showed that higher fecal SIgA concentrations are associated with lower egg
shedders, but were not shown to have lower levels of salivary SIgA. This means that

the immune response due to cyathostomin infection occurs later in the



gastrointestinal tract of the horse. The findings of this preliminary study led to the
question of if there are different forms of SIgA that are more or less efficient in
regards to cyathostomin resistance. While different isoforms of horses have not yet
been demonstrated, some human SIgA isoforms are known. There are two
predominant forms of SIgA in humans, SIgA1 and SIgA2. They are formed by binding
to either IgA1 or IgA2. IgAl is responsible for immune homeostasis while IgA2 is

responsible for inflammatory effects [12].

1.6 Objective
The objective of this study was to determine if there is a difference between
the affinity for high and low shedder fecal SIgA on the surface of the cyathostomin

larvae by imaging worms that were tagged using immunofluorescence.



Chapter 2

MATERIALS AND METHODS

2.1 Animals

Fecal samples were collected during January 2023 to August 2023 from 82
horses of various breeds, ages, and farms near the University of Delaware. Horses
were selected based on prior FEC’s, location, and number of horses living in the same
area. All procedures were approved by the University of Delaware Agricultural Animal

Care and Use Committee #129.

2.2 Preliminary Fecal Sample Analysis

2.2.1 Fecal Egg Counts

In the summer of 2023 FEC’s were conducted on all fecal samples using the
McMaster Method and the Paracount-EPG kit (Chalex, Wallowa, OR). First, 26ml of
Fecasol (Vetoquinol, Fort Worth, TX) was dispensed into the calibrated mixing vial,
then feces was added until filled to 30ml. The mixture was stirred until homogenous.
Using a 1cc syringe, the liquid portion of the mixture was used to fill both chambers
of the McMaster Counting Slide. The slide was allowed to rest for five minutes to
allow the cyathostomin eggs to rise to the surface and any debris to sink. The slide

was placed under a microscope and cyathostomin eggs were counted. The number of



eggs counted was multiplied by 25 to get an accurate eggs per gram of feces. Based
on the number of eggs per gram present in the sample, the respective horse was
classified as a high, moderate, or low shedder.

After classification of shedding status, the fecal sample was either rejected or
accepted as a study sample. The criteria for selection was on an as needed basis and
based on horses in cohabitating groups. A total of 30 fecal samples were needed, 10
of each shedding classification. Once a shedding status was filled, no other samples
were needed for that category. Out of the 82 samples collected, 32 were selected to
proceed to ELISA testing. Ultimately only high and low fecal egg shedding horses
became part of the study, this was due to there not being a large enough population

of moderate fecal egg shedders to properly analyze.

2.2.2 SIgA Extraction

SlgA was extracted from each sample as follows: 1g of feces per sample was
mixed with 5 ml of 1X Phosphate Buffered Solution (PBS), pH 7.5. All samples were
shaken for 3 minutes and rested for 15 minutes. This shake and rest process was
repeated twice. After both rounds of shaking and resting were completed, the
samples were centrifuged at 16000 g for 20 minutes. 1mL of supernatant was then
collected from each sample with a 0.2l syringe filter. 10ul of a protease inhibitor
cocktail was added to each sample and centrifuged at 3260 g for 15 minutes. 600ul of

supernatant was collected and frozen until further analysis.
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2.2.3 ELISA Testing

SlgA concentration was measured using the MyBioSource Horse Secretory
Immunoglobulin A Enzyme Linked Immunosorbent Assay (ELISA) kit (MyBioSource,
San Diego, CA). Thawed samples were first vortexed and centrifuged at 12000 g for 5
minutes. Using a 96 well plate, 50ul of each sample along with the six standards
provided were placed into separate wells. Empty wells were left to be used as blank
wells. 100ul of Horseradish Peroxidase (HRP)-conjugate was added to each sample
and standard wells. The plate was covered with the provided closure plate membrane
and incubated at 37°C. All liquid was dumped into a liquid waste container and the
well plate was washed. The provided wash solution was added to all wells, including
blanks, left for a minute, then dumped. This process was repeated four times. After
the wash process was completed, 50ul of chromogen A, used as a substrate along
with Chromagen B for the HRP-conjugate, was added to every well including blank
wells. 50 pl of chromogen B was added to all wells including blank wells. The plate
was immediately covered in tinfoil and incubated for 15 minutes at 37°C. After
incubation, 50 ul of stop solution was added to each well. The plate was read using an
ELISA reader set at 450 nm. The standard concentration values were used to
extrapolate the SIgA concentration of each sample. The standard concentrations

ranged from 0-100ug/mL. All sample concentrations were within this range.
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2.3 Egg Concentration for Larval Culture

A fecal sample from a known high egg shedding horse was collected. A FEC was
performed using the McMaster method to confirm. 25g of the sample was added to
40 mL of Fecasol and mixed until homogenous. The mixture was pressed through a
mesh sieve, with the liquid being collected in a 250mL beaker. The solids in the mesh
sieve were placed back into the original container and allowed to sit for 5 minutes.
The process of mixing with Fecasol and straining was then repeated another two
times. The liquid collected was centrifuged at 1000 rpm for 10 minutes. Once
completed, the supernatant was removed and filtered through a 40um filter. The
filtrate was recovered by washing the filter with 25 mL of water. The recovered filtrate
was centrifuged at 1200 rpm for 15 minutes. The supernatant was removed and
discarded. The leftover solids were resuspended in PBS to a total volume of 5 mL and

gently vortexed. This mixture was stored at 40°F until further use.

2.4 SIgA Extraction for Larval Culture

Prior to the beginning of the egg culture, SIgA was extracted in the same
manner as stated in the previous section. SIgA was extracted from two samples, a
high fecal egg shedding sample, and a low fecal egg shedding sample. These samples
were run through the same MyBioSource Horse Secretory Immunoglobulin A ELISA

kit, the protocol as stated in section 2.2.3.
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2.5 Llarval Culture

To start the larval culture, the previously concentrated eggs were placed into
six tubes on day 0. Each tube was given 550l of concentrated eggs. The eggs were
then placed in the dark at room temperature for 2 days. On day 2, either 200pl of IgA
or 200ul of PBS was added. The amount of SIgA added to each tube was determined
through concentration given by the ELISA test mentioned in section 2.2.3. The high
shedder SIgA concentration was 12.75ug/mL and the low shedder concentration
12.8ug/mL. Since the concentrations were nearly identical, no dilution was needed.
Three tubes were given the SiIgA extracted from the high fecal egg shedding sample,
three tubes were given the SigA extracted from the low fecal egg shedding sample,
and three samples were given PBS. On day 3, all samples were centrifuged for 90s at
400 g. The supernatant was removed and 1mL of 100% isopropanol was added to fix
the samples. All samples were vortexed and allowed to fix for 10 minutes. The

samples were then left in the refrigerator until needed.

2.6 Immunofluorescence Microscopy

A Horse IgA antibody Fluorescein isothiocyanate (FITC) conjugate (Bethyl
Laboratories, Montgomery, TX) was used to tag the cyathostomin worms in order for
them to be viewed fluorescently as follows: 20ul of larvae from the previously
cultured cyathostomin eggs were placed on a microscope slide. This was repeated a

second time on the same slide. The two pools of liquid were allowed to dry before

13



40ul of FITC was added to each pool of liquid. A microscope slide cover was placed on
top and the slide was incubated at room temperature in the dark for one hour. The
same procedure was repeated for control slides of just the high and low fecal egg
shedder SIgA that was added to the cultures. After the incubation period, the
microscope slides were viewed under the microscope at 20x with and without a
49002 Et-EGFP (FITC/Cy2) filter (Bellows Falls, VT). Eighty-two photographs were
taken of the larvae and areas of interest on the slides; 41 of these images were taken
without the FITC filter, the other 41 images are the same images but with the FITC
filter. Each photograph pictures between 1-3 larva. These pictures were uploaded to

Imagel.

2.7 Imagel

Imagel) was used to calculate the fluorescence of photographed worms. The
values Imagel calculated were the area, mean fluorescence, and the integrated
density. First selected photographs were uploaded into Imagel. Once a picture was
uploaded, all worms pictured were photographed. The freehand selections tool was
used to outline the worms, then the measurements were taken. This process was
repeated for all photographs and all worms in the photographs. This process was also
used for the control SIgA slides except measurements were only taken for the
background of the slide. Once all measurements were collected, the data were

transferred to Google Sheets. Using the data collected from Imagel, the average

14



fluorescence for each worm and its background was measured. For the worm, the
fluorescent mean gray value was subtracted from the non-fluorescent mean gray
value. For the background, the average of the fluorescent mean gray value was

subtracted from the average of the nonfluorescent mean gray value.

2.8 Statistical Analysis

Difference in fluorescence using the FITC conjugate was analyzed in Excel
using a pairwise t-test. Calculations, with significance at p-value <0.05, were
performed for control culture versus high egg shedding culture, control culture versus
low egg shedding culture, and low egg shedding culture versus high egg shedding
culture. Calculations were also performed with significance at p-value <0.05 for the

control high fecal egg shedder SIgA versus the control low fecal egg shedder SIgA.
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3.1 Animals

Chapter 3

RESULTS

The animal samples used for this study are shown in Table 2. In total 27

samples were used with 15 being low fecal egg shedding horses and 12 being high

fecal egg shedding horses. The horses used are all located at four different private

farms near the University of Delaware, UD’s Webb Farm, and Winbak Farm.

Low Fecal Egg Shedder High Fecal Egg Shedder
Name Location FEC Name Location FEC
Average Average
(EPG) (EPG)
Darwin UD Webb 0 244 Real Winbak Farm 575
Farm Drama
Caleb Private Farm 0 125 Sniper | Winbak Farm 825
#1 Elkton, MD Hanover
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Austin Private Farm 0 142 Misty | Winbak Farm 1000
#3 Elkton, MD Kristy
Profit Private Farm 0 Rayne Private Farm 1050
#3 Elkton, MD #2 Elkton, MD
Regal Private Farm 0 R68 Faith | Winbak Farm 1100
#2 Elkton, MD Healer
Claire Private Farm 0 R51 Finely | Winbak Farm 1150
#4 Louisville, Tune
PA
R136 Best | Winbak Farm 0 PJ Private Farm 1287.5
Diva #4 Louisville,
PA
234 Not | Winbak Farm 0 Maggie UD Webb 1575
Enough Farm
Magic UD Webb 12.5 Tallulah UD Webb 1837.5
Farm Farm

17




380 Sea | Winbak Farm 25 R97 Buy Winbak Farm 2125
Gypsy One Get
One
952 Winbak Farm 50 507 Turn Winbak Farm 2525
Bankers the Tab
Audit
Hank Private Farm 62.5 R85 Art Winbak Farm 3475
#4 Louisville, Chic
PA
27 Lady | Winbak Farm 100
Lynnly
Nimbus UD Webb 112.5
Farm
Pec Private Farm 212.5
#4 Louisville,
PA

Table 2. Animal samples used, their location, and their resulting FEC
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3.2 Preliminary Fecal Sample Analysis

Preliminary fecal egg counts for all eighty-two samples collected can be found
in Appendix A. Table 2 in the above section shows all the samples that were selected
to continue on to ELISA testing. ELISA results for both fecal and salivary SIgA from the
preliminary study were analyzed using a Pearson correlation test with rho
significance at 0.3, the salivary SIgA was statistically insignificant with a rho value of -
0.165. The fecal SIgA however was statistically significant with a rho value of -0.397.
Since the fecal SIgA’s r value was significantly different from 0 we concluded that it
was significant whereas the salivary SIgA’s r value was not significantly different from
0. ELISA results for Fecal SIgA for all selected samples. The average low fecal egg
shedder SIgA concentration in ug/mL was 38.59065726, the average high fecal egg
shedder SIgA concentration in pg/mL was 28.55129756.

A scatterplot of the samples selected to move onto ELISA testing and their
resulting FEC and fecal SIgA can be seen below in Figure 2. The line of best fit shows

the negative relationship between FEC and fecal SIgA.
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Figure 2. Scatter plot of animal samples used and their resulting FEC and fecal SIgA.
Red points indicate low fecal egg shedders and blue points indicate high fecal egg

shedders.

3.3 SIgA Extraction for Larval Culture

The ELISA results for the two low and high fecal egg shedding samples used in
the larval culture is shown below in Table 3. The samples used for SIgA extraction
were Caleb as the low shedder and Caitlyn as the high shedder. Both SIgA
concentrations were nearly identical with the low shedder SIgA being 12.84ug/mL

and the high fecal egg shedder SIgA being 12.75ug/mL.
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Low Fecal Egg Shedding SIgA (png/mL)

High Fecal Egg Shedding SIgA (ug/mL)

12.84

12.75

Table 3. ELISA SIgA concentration results for low and high fecal egg shedding samples.

3.4 Immunofluorescence of Cyathostomin Larvae

Eighty-two photographs of worms were taken using ImageJ, 41 without using the

fluorescent filter, the other 41 being the same image but with the fluorescent filter.

Seventeen images were taken of the control larval culture, 21 images were taken of

the high shedder SIgA culture, 25 images were taken of the low shedder SIgA culture.

The six images below (Figure 3,4,5) are examples of each of the different cultures

both with and without the fluorescence filter. The letter in the image name

corresponds to which culture it is from, C for control, H for high, and L for low.

Figure 3. Image C2 without (left) and with (right) fluorescent filters.
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Figure 4. Image H3 without (left) and with (right) fluorescent filters.

Figure 5. Image L10 without (left) and with (right) fluorescent filters.

The mean gray value results from ImageJ were used to find the average mean
gray value of each worm. These values were averaged to find the average mean gray

value of each culture. Those values are shown in Figure 6.
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Figure 6. Worm average mean gray value for all three cultures.

3.5 Immunofluorescence of SIgA

An additional 16 images were taken of control high and low shedder SigA. The mean
gray value results from Imagel were used to find the average mean gray value of
both the high and low shedder SigA. These values were averaged to find the average

mean gray value of both types of SigA. These values are shown in Figure 7.
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Figure 7. Control high and low shedder SigA average mean gray value.

3.6 Statistical Analysis
T-test p-value results from the control, high shedder, and low shedder larval cultures

are shown below in Table 4.

Control v High Control v Low High v Low
Worm 0.0513 0.0103 0.1025
Background 0.1615 0.2772 0.9559

Table 4. Pairwise t-test results of culture averages.
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T-test p-value results from the control high and low fecal egg shedder SigA are shown

below in Table 5.

High vs Low SigA

Background 0.4212

Table 5. Pairwise t-test results of control high and low fecal egg shedder SigA.
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Chapter 4
DISCUSSION

The mechanism of natural resistance is a topic of interest because
cyathostomins can be incredibly harmful to horses and are resistant to, or on the
verge of resistance, to the few anthelmintic classes. Previous studies in sheep have
found that SigA has an effect on the level of gastrointestinal nematodes in sheep [11].
The preliminary 2023 summer study found fecal SigA amounts to be statistically
significant with respect to cyathostomin infection. This led to the question of why
some horses display a greater immunity towards cyathostomins and thus if SIgA
binding efficacy plays a role.

This study ultimately found that there was not a statistically significant
difference between the high fecal egg shedding samples and the low fecal egg
shedding samples with respect to fecal SIgA binding efficacy. This means that the high
shedder SIgA and the low shedder SIgA did not bind to the cyathostomin larvae
differently, therefore they both have similar binding efficacy. Consequently, this is not
a reason why fecal SIgA impacts high and low fecal egg shedders differently.

While the high versus low fecal egg shedding samples were not statically
significant to each other, there was a significant relationship between the control
sample worms and the low fecal egg shedding sample worms. We can thus conclude
that the SIgA is binding to the cyathostomin larvae, just not binding differently

between the different shedding classifications. The relationship between the control
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sample worms and the high fecal egg shedding sample worms was almost significant
with a p-value of 0.051. Perhaps if we had more data collected this p-value would
change and we would see it being statistically significant like the low fecal egg
shedding sample.

A pairwise t-test was also run against the background values, the p-value for
the high fecal egg shedding background versus the low fecal egg shedding
background was 0.96. This value makes sense as the background between the two
samples should be almost identical since they were both in a culture of the same
materials and were fixed with identical protocols. The control sample background and
the low fecal egg shedding sample background as well as the control sample
background and the high fecal egg shedding sample background were also statistically
insignificant.

The low R: value seen in Figure 2 is supported by the negatively correlated rho
values determined by the Pearson correlation test in the preliminary study. Since the
Pearso