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Abstract 
The most common endoparasites of a horse are cyathostominae. It is worrying that resistance against two groups of anthelmintics has been found in various countries. There are also indications of resistance development against the last active group of anthelmintics, the so-called macrocyclic lactones (such as ivermectin) used in the control of cyathostominae in the horse.
Aim of this study to determine if there are differences in the characteristics of cyathostominae in horse populations that differ in frequency of deworming with ivermectin. This is done by selecting larvae with a reiterative Larval Migration Inhibition Assay (rLMIA) and differentiation of larvae by reverse line blot (RLB). In the rLMIA larvae migrate through 2 sieves.
The larvae were incubated and migrated in a solution with different concentrations of ivermectin per batch. Larvae were counted before and after migration: an increase in percentage of larvae after migration indicates a reduced susceptibility in this population.
After differentiation of the RLB larvae, the percentages of a species per fraction (before sieve 1, after sieve 1, after sieve 2) per concentration ivermectin were compared: an increase of the percentage of a species after sieve 2, compared to after sieve 1, implies an increase in heterogenicity for ivermectin susceptibility in vitro in a population of worms.  

Prior to this study two other studies were done. In this study some previously tested horse populations like CAS 1 were investigated again and two new horse populations which are treated with ivermectin at least four times per year were included.

The three populations in this study are called CAS 2, CRU and BOE. All populations, except CRU, showed a reduced susceptibility in migration in 0.24 μg/ml ivermectin. In CAS 2, CRU and BOE also a reduced susceptibility in 30 μg/ml ivermectin was found. 
In CAS 2, CRU and BOE were not found enough larvae per species for further analysis. In CAS 1 there was found a reduced susceptibility in migration at 0.24μg/ml ivermectin, and except an increase in heterogenicity of C.longibursatus in 0.24μg/ml ivermectin there was also a significant increase in heterogenicity of Cyathostomum catinatum at 0.24μg/ml and 30μg/ml ivermectin.
Introduction
Cyathostominae or small strongyles are one of the most important endoparasites in a horse.2,8 Their importance lies in their high pathogenic potential especially in yearlings, 2 and 3 year old horses, their presence all over the world, and in the (developing) resistance that was found against anthelmintics.3,12 Arguments and facts for these statements will be given in the rest of the introduction, which starts with a basic background of the parasite.
Lifecycle
Cyathostominae are parasites that have a direct life cycle. This means that there is no intermediate host included in their lifecycle. When outside of the host an embryo develops within the egg to a L1 or first stage larva. The L1 hatches and develops to the second stage or L2. The third stage or infectious stage larva infect horses when they are ingested. Because of the sheathing of the L3 it can withstand the stomach acid, but it cannot feed itself because of this sheathing so it needs to develop further. Therefore the life cycle continues after ingestion and the L3 will migrate into the crypts of Lieberkühn of the caecum or colon were they either develop in the lamina propria of the intestinal mucosa to L4 or the development pauses and the early L3 stay encapsulated in the intestinal mucosa. If the L3 develops into L4 immediately the cycle will continue to the fifth stage that becomes the adult stage in which eggs are produced. In figure 1 schematic display of the cyathostominae life cycle is shown.14 

Cyathostominae have a pre-patent period between 1.5 to 3 months. There are known 50 species of cyathostominae which all have different pre-patent periods.
When the early L3 encapsulates, which is called inhibition of development, the L3 stops migrating through the intestinal mucosa. Instead the L3 forms a capsule in the intestinal mucosa where it stays until it further develops. Up to 80% of the cyathostominae in a horse can encapsulate after ingestion. Encapsulating causes problems if a few months later (in winter) a large number of L3’s develop at the same time in to L4 and migrate out of the mucosa. Because of their migration in such high numbers at this time a very pathogenic form of cyathostominosis develops and this  is called larval cyathostominosis.6,10  
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 Figure 1:  Life cycle of the cyathostominae14
Symptoms

Clinical symptoms of cyathostomosis occur more often in young animals up to three years. Cyathostomosis is observed more frequently in late winter or early spring than in the other seasons. 
Clinical symptoms that are found in a horse with cyathostomosis are: Weight loss, diarrhoea, subcutaneous oedema, reduction of growth, rough coat, pyrexia and even death. Some horses also develop hypoproteinemia and a neutrophilia. Symptoms may occur while L3 are penetrating into the mucosa as well as they are emerging out of the mucosa. 

Most critical is the clinical syndrome called larval cyathostominosis. Larval cyathostominosis shows a severe inflammatory entereopathy affecting caecum and colon and is caused by simultaneous reactivation of the encapsulated L3. Because of the sudden migration of a big number of cyathostominae larvae, damage is done to the intestine at once, which explains the 50% fatality rate even if immediate treatment was started.2,5,8,12 
Diagnosis
Diagnosis of cyathostominosis is based on clinical symptoms in a horse, grazing history and management of the horses. To support diagnosis of cyathostomosis further, an additional blood test can be done. If protein values are low to normal with a high concentration of betaglobuline it strengthens the diagnosis.1,5  Also a faecal examination can be done: if larvae (L4, L5) are found in the faeces (possibly with a Baermann test)it strengthens the diagnosis of cyathostomosis.1,5,10
As a precautionary technique a faecal egg count (FEC) may be performed. With the FEC the amount of eggs per gram or EPG is determined, which then is used to decide on treatment options.1,5,10,14
Treatment
Treatment can be necessary in two different situations; in the first case the horse does not show clinical effects, but after FEC treatment is decided based on EPG values see Figure 2 below.10,14
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Figure 2: Interpretation of Faecal egg counts.10,14
In the second case a horse does show clinical symptoms of cyathostomosis. The way of treatment depends on the severity of the symptoms and overall health of the horse. An anthelmintic is the most important compound of the treatment in most cases.1,5,14
There are 3 major classes of anthelmintics to chose from:

· the benzimidazoles,

· tetrahydropyrimidines and

· the macrocyclic lactones.4,10
The benzimidazoles are effective against all stages of cyathostominae and their eggs, while tetrahydropyrimidines only work against adult stages of cyathostominae and the macrocyclic lactones work against adult and un-adult stages. 
Macrocyclic lactones can be divided in:

· ivermectin, which does not work against encapsulated larvae in the mucosa of the intestine, and

· moxidectin that does work against these encapsulated larvae.

All of these groups can be used to treat a horse with high EPG values without further clinical symptoms, unless the population has developed resistance against one of the anthelmintics. Anthelmintic resistance will be further discussed in the next chapter.
When a horse shows clinical symptoms of cyathostomosis, first choice of medicine is moxidectin.  

In case of severe illness (water like diarrhoea, oedema and secondary infections) a horse supportive treatment may be included to inhibit reaction of the body to high numbers of dead larvae due to anthelmintic treatment.1,5,14
Anthelmintic resistance

Three major classes of anthelmintics are being applied; these are benzimidazoles, tetrahydropyrimidines and the macrocyclic lactones.4,10 As mentioned resistance against the various groups of anthelmintics has developed. 
The first group, benzimidazoles, work against all stages of cyathostominae including eggs but worldwide resistance against benzimidazoles has been reported against benzimidazoles. First reports of resistance against this drug already occurred within a few years after introduction of the drug.4
The second group, tetrahydropyrimidines (pyrantel) is not effective against the inhibited stages of cyathostominae. Resistance against pyrantel has been reported only recently, both in Europe and in the USA, although it is not as widely spread in Europe. There is a potential risk for ineffective treatment, unless susceptibility of one of these drugs is proven in a population by a faecal egg count reduction test.4,7,14

The third group of anthelmintics are the macrocyclic lactones (moxidectin and ivermectin). Ivermectin was first introduced about 30 years ago and is effective against luminal stages. Moxidectin, introduced about 15 years ago, works against luminal and mucosal stages. Macrocyclic lactones proved to be very effective in the control of parasites in horses. Due to their performance the health in the equine community is good.

It is remarkable, that for a drug like ivermectin, which has been the most commonly used anthelmintic for the passed two decades, only recently resistance of cyathostominae has been reported. 
First reports of reduced susceptibility against macrocyclic lactones were found and published in America and Europe. Various reports of a shortening of the egg reappearance period (ERP) have been reported amongst others in Germany, Italy, United Kingdom and the USA. ERP is the time, after treatment until eggs reappear in the faeces again. This shortening of ERP is considered as a sign of resistance development. The faecal egg count reduction test or FECRT is a method to confirm resistance against anthelmintics, although it does not allow the detection of an early development of ivermectine resistance in cyathostominae. A resistance for moxidectin has been found with a faecal egg count reduction test or FECRT. In a study in the United Kingdom there is found a reduced moxidectin efficacy in donkeys with this test.3,4,7,11,19,20
So, in case in a population no resistance occurs, benzimidazoles and tetrahydropyrimidines can be used. Ivermectin and moxidectin can be used as treatment without checking resistance in a population. As it is not likely that there will be new classes of anthelmintica on the market in the near future, development of resistance against macrocyclic lactones will have a devastating effect on the clinical impact of parasitic diseases. Hence it is very important that measures are taken to reduce the development of resistance against ivermectin and moxidectin as much as possible.4,7,9 
Precautionary measures
Precautionary measures can be very effective in decreasing cases of cyathostomosis and minimising the use of ivermectin and moxidectin. Measures that can be taken are:
Regular faecal egg counts (FEC); the results of the FEC will help selecting the horse that needs treatment to reduce the infection pressure. By monitoring FEC-values over a longer period of time horses that consistently shed low amounts of eggs will be detected. These horses do not need treatment (Figure 2).
If anthelmintics are given to a horse, make sure that the horse gets the right therapeutic dose. It is recommended to do a faecal egg count reduction test once a year. The results of this test indicates the effectiveness of the anthelmintics.4,8,10
Sound pasture management can be very effective. By pasture rotation, the number of L3 cyathostominae is reduced because they can not survive for too long without a host. Ideally a pasture should be kept idle for a couple of months. An alternative is to let ruminants graze on the pasture, so they will ingest (part) of the parasites. As the parasites are in the wrong host they cannot survive. Removal of faeces from the pasture once or twice a week also decreases the risk for infection.1,6,8
It is important to keep an eye on low-ranked horses because they feed on the outer corners of the pastures, where the most faeces are found which present a higher risk of ingestion of cyathostominae.
Before adding new horses to a population, always check and treat horses, as required. This way the risk for introduction of new endoparasites in a horse population will be minimized.

Main advantages of the measures outlined above are;

· fewer treatments will be required in a population.

· The number of cyathostominae present on the pastures will decrease so horses are less likely to develop cyathostomosis.

· Increase refugia, meaning the part of the cyathostominae population that is not under influence of selection by anthelmintics increases and thus decreasing the risk for developing resistance against anthelmintics.

· Faecal egg counts makes it possible to detect development of resistance against an anthelmintic drug earlier.1,4,6,8,10
Research purpose
Objective of this research project is to determine if differences in frequency of deworming with ivermectin lead to differences in the characteristics of cyathostominae in horse populations.

For that purpose the composition of cyathostominae species for each horse population is determined, and within the cyathostominae species the migration percentage is determined. The migration percentage results are used to define possible variation within and between the horse populations. 
Materials and Methods
To establish the effects outlined above a number of horse populations had to be selected. These horse populations need to fulfil the following inclusion criteria;

· Horses must be dewormed at least 4 times per year

· Before taking samples the last treatment with ivermectin must be at least 8 weeks ago and in case of treatment with moxidectin the treatment must be at least 12 weeks ago.9
· Horses must be at least 4 years old.

· Horses must go out on a pasture.

For this research project, 3 horse populations were selected, which are indicated as CAS 2, CRU and BOE. CAS 2 differs from the other two populations, as it is a population that has not been treated with anthelmintics for 5 years, since the horses were placed in the nature reserve. Although the population of CAS 2 did not meet the criteria it was included to gather more data, complementary to a previous project by M.Guliker.13 Like the current investigation this is part of a larger research project.
Horse populations

CAS 2:

Castricum is a nature reserve with free-roaming cows and horses. There are 2 herds of horses that live in this area, one group consists of 4 mares and 3 foals and the second group consists of about 20 horses (mares and geldings). These horses were never treated with anthelmintics.

CRU:

Cruquius is a riding stable for privately owned horses. Here also horses are bought and sold and (young) horses are trained on request. At the moment the stable houses 30 horses and ponies of which 27 are 4 years or older. The average pasture space per horse is 0.25 ha. All horses are dewormed at the same time, four times per year with ivermectin. New horses are dewormed before it arrives on site. Problems with endoparasites did occur several years ago, but after starting a treatment plan there were no more cases of endoparasites.    
BOE:

Boerenhofstede is a stable for many purposes, breeding, training, and trading. There is also a riding school and  privately owned horses are housed. Their maximum housing capacity is 35 horses, at the moment there were 34 horses and ponies present. 30 of the horses were 4 years or older. In total there is 3 ha of pasture available for the horses. All horses are dewormed at the same time, 5 or 6 times per year. In May the horses are dewormed with moxidectin, while in autumn ivermectin is used; the other times pyrantel or fenbendazole were used. The stable had one incident of cyathostominosis a few years ago. The pony  was diagnosed by a veterinarian and treated. There were no other horses with problems caused by cyathostominae or other endoparasites.
Collection of faecal samples. 
Within each population as many faecal samples as possible were collected. There are a few simple steps for collecting the samples; first look for fresh faeces, then collect the samples from the top of the faecal matter. 
McMaster and larval cultures:
Each sample was checked for eggs per gram (EPG) by faecal egg count according to the McMaster protocol (see appendix 3).

The test results of the larval cultures showed large variation, therefore all positive EPG samples were used. Samples within one population that had the same EPG value were mixed and then used for larval culturing, so-called “pooled samples”. 

Each faecal sample was divided over 4 glass jars. The glass jars were different in size; 3 little jars with 20 grams of faeces, and 1 larger jar containing 200 grams of faeces. Plastic lids were put on the jars, but did not close them completely. The samples were then put in a stove at 25.5 o C for 10 days, to culture the L3 of cyathostominae.
After 10 days the jars were filled with tap water, a big glass lid was placed on top and the jars were turned upside down, so the lid could be filled with fresh water. The jars were left in that position overnight to allow the cyathostomin L3 to migrate to the clean water in the lid. The next day the lids were poured out and extra rinsed, to collect the cyathostomin larvae. The larvae were poured over a Baermann sieve, which was put in a Baermann glass, filled with fresh tap water. The glasses were left overnight so the L3’s could set and collected the next morning 

The sample was checked for free-living nematodes. If the bottle contained enough cyathostomin L3’s with no or few other nematodes it was used for the rLMIA. If there were not enough L3’s in one sample, samples were pooled to get the right amount of L3’s needed for the rLMIA. The rest of the worms were stored at 4 o C. The EPG results of the McMaster and the larval cultures are given in appendix 1 and 2.

Reiterative larval migration inhibition assay (rLMIA):
Larvae:

L3’s were exsheated (XL3), because they move easier and faster when unsheated. The exsheating was done by adding hypochlorite, the end concentration for exsheating was 0.1% hypochlorite. When 95% of the L3’s were unsheated the solution was poured over a Baermann sieve and this sieve was placed in clean tap water overnight. While pouring the solution over a Baermann sieve a glass jar was put underneath. After putting the first sieve in a Baermann glass, the filtrate was poured over a second Baermann sieve and placed in a second Baermann glass filled with clean tap water. Both sieves were left in the Bearmann glass at room temperature overnight. 
In the rLMIA larvae were incubated in different concentrations of ivermectin before migration. After incubation some of the larvae were able to migrate in different concentrations of ivermectine  through two consecutive sieves. 

Migration through the first sieve selects possibly for the less susceptible larvae. The percentage migration through the second may increase or stay the same. Therefore, increased migration through the second sieve indicates heterogenicity for ivermectin susceptibility of the larvae. After migration the larvae were differentiated by reverse line blot hybridisation.
Every batch of larvae will be able to migrate in a PBS solution with 0μg/ml ivermectin, a PBS solution with 0.24μg/ml ivermectin and a PBS solution with 30μg/ml ivermectin. The concentration of 0.24μg/ml ivermectin is approximately the therapeutically dose that is used in veterinary practise and the 30μg/ml ivermectin is the highest concentration achievable when dissolving ivermectin in 1% DMSO.11
Each batch is divided in 7 fractions by the rLMIA, a fraction consists of all the larvae from one sieve at one certain concentration ivermectin and the first fraction is formed by the stock solution of larvae used for the rLMIA.
After migration XL3’s were stained with Iodine. After counting the XL3’s 80 or as much larvae as available were isolated per fraction under a microscope and stored at -80 o C until they were used in further tests. The exsheating and rLMIA protocol can be found in Appendix 4.

Lysis and PCR:
The lysis frees larval DNA so it can be used for PCR. The larvae will be lysed by a combination of Worm lysis buffer (WLB) and proteinkase A (Prot K). After adding the WLB/Prot K the larvae are frozen at -80 o C for at least 15 minutes. Then the samples were thawed and spinned shortly before they were put in a stove at 57 o C overnight. 

The next morning Prot K inactivation was done by heating the samples at 95 o C for 15 minutes. Then all samples were thoroughly vortexed and spinned shortly.    
After the lysis was completed the DNA of the larvae could be used for PCR. To get the right DNA fragments, two specific primers (cy4-biot and cy26) were used to get amplification of the InterGenic Spacer (IGS) region from the XL3´s. Gel-electrophoresis was used to confirm the presence of PCR-products. 
The products of both steps (lysis and PCR) were stored at 4 o C for further use. The lysis protocol  as well as the PCR protocol can be found in appendix 5 and 6.

Reverse Line Blot (RLB):
A membrane with specific single-strand probes that were bound to this membrane was used, in total 13  species of cyathostomins were represented. Although there are over  50 known cyathostominae species, the represented cyathostominae on the membrane are the most common species.6

The cyathostominae species that are represented on the membrane are; Cyathostomum catinatum, Cyathostomum pateratum, Coronocyclus labiatus, Coronocyclus labratus, Cylicostephanus calicatus, Cylicostephanus goldi, C.longibursatus, Cylicostephanus minutus, Cylicocyclus ashworthi, Coronocyclus coronatus, Cylicocyclus insigne, Cylicocyclus leptostomum en Cylicocyclus nassatus. 

The PCR products were bound to the membrane by executing several steps like described next. At first 40 PCR products were individually diluted 10 μl PCR product in 150μl 2x SPPE/0.1%DS in 1.5ml tubes. These diluted PCR products are denatured for 10 min at 100oC in a water bath and then immediately cooled on a water-ice mixture. After the samples are cooled down they were centrifuged and ready for RLB.

The membrane is been incubated for 5 minutes in  ~10 ml 2 X SSPE/0,1% SDS at room temperature, after incubating the membrane is placed in the miniblotter with slots perpendicular to the line pattern of the applied probes. Residual fluid was removed by aspiration and the slots were filled with the diluted PCR products, empty slots were filled by with 2 x SSPE/0.1% SDS. Then the miniblotter was placed for hybridization on a level surface in incubator at 42oC for 60 min.
After 60 minutes samples were removed by aspiration and the membrane was placed in a curver tray. Next the membrane was washed 3 times in preheated 2 x SSPE/O.5% SDS at 50oC in the water bath. The first wash was short to remove excess of unbound material followed by 2 washes of 5 minutes.

The membrane was then incubated with 20 ml 2x SSPE/0.5% SDS + 5μl streptavidine-HRP at 42oC in incubator for 30 minutes. Then the membrane was washed 3 times with 2x SSPE/0,5% SDS in a water bath at 42oC. Again the first wash was short, followed by 2 washes of 5 minutes.
Then the membrane was washed 3 times with 2x SSPE at room temperature in the same way as the other washes. After washes the 2x SSPE was disposed.

At last 5 ml ECL 1 and 5 ml ECL 2 that were stored in the refrigerator were mixed and the total   10 ml of ECL was spread over the membrane by gently moving the curver tray for a few minutes so the whole membrane was fully covered. The ECL was disposed and the membrane was taken out of the curver tray and placed between 2 transparency sheets without excess fluid.

The membrane between the transparency sheets was placed in a cassette with a x-ray film on top. After exposing the x-ray film for 3-30 minutes the film will be developed.
After developing the film that was put on top of the membrane in the last step of the RLB, the membrane was stripped for further use. The film was then analysed to identify the species of the 40 larvae that were present. The protocol of reverse line blot hybridization and stripping of the membrane can be found in appendix 7.
Analysis:

All results were processed in Excel. In the rLMIA results a 5% correction was made, to correct for the larvae that fell through the sieve. The isolated migrated larvae were statistically analysed with the two-tailed 2x2 contingency table (http://www.graphpad.com/quickcalcs). For statistical analysis minimal 5 XL3 per species per fraction were required, because all the expected values need to be 5 or higher to enable reliable chi-square calculations. In former studies of M.Haikens and M.Gulliker the minimum of 7 larvae was used, this was not achievable in this study so in stead the minimum of 5 larvae required for reliable chi-square results were used.  
Results
Migration percentages of rLMIA
XL3s were allowed to migrate in rLMIA. XL3 of all fractions that were counted, results are displayed in Figure 3. Migration percentage are normalised and corrected for larvae that fell through the sieve. Significant results are marked in the figure with *,   and (P < 0.01). 

In all populations there was a significant increased migration percentage between sieve 1 and 2 at 30 μg/ml ivermectin. 

In CAS 1 and 2 and BOE there was (also) a significant increased migration percentage between sieve 1 and 2 at 0.24 μg/ml. 
CAS 1 and CAS 2  have  very similar migration  percentages, which is logical, because they originate from the same population, although the faecal samples were taken in different periods of time.
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 Figure 3:Normalised migration percentage of rLMIA of all populations.13   
Results RLB; species specific migration percentages
In this study it was not possible to make an analysis of the species specific migration percentages due to too few larvae per species in all three  populations. In the study of M.Gulliker it was possible to do an analysis of CAS 1. 
Larvae that were not determined by the used RLB membrane or too few larvae per species form the group named ‘other’ and X stands for the population of CAS 1 before selection by rLMIA.

In figure 4  results of these species specific migration are shown. In CAS 1 the most prominent species were C.catinatum (36%), C.goldi (34%) and C.longibursatus (25%). 
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Figure 4. Percentages of most common species in CAS 1, C.catinatum, C.goldi, C.longibursatus and other.13
In figure 5 results of species specific migration percentages are displayed. Migration percentage is normalised, by setting migration without ivermectin to 100%. C.catinatum and C.longibursatus migration percentages of sieve 1 and 2 increased significantly in 0.24 µg/ ml ivermectin, and C.catinatum migration percentage of sieve 1 and 2 increased also significantly at 30 µg/ ml ivermectin. Significant results are marked in the figure with, * and ((* P < 0.001, ( P < 0.01).13
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Figure 12: Normalized migration percentage of XL3s of CAS 1 population selected  by rLMIA..13
Discussion
This study was executed in the populations of Castricum (CAS 2), Cruquius CRU and Boerenhofstede (BOE). The results of the larval cultures, the rLMIA and RLB will be discussed. Furthermore the integration of the results and the methods that were used will be outlined.
Larval cultures

Results of larval cultures varied greatly. It is not clear why certain faecal samples produced such poor results. A separate study to test differences in environmental circumstances was done in which conditions like the size of the jar, temperature and humidity (by adding saw dust) in the larval cultures were varied to create different conditions for culturing, but the results were inconclusive. Based on this outcome it was decided to stick to the culture standard by putting the faecal samples in the stove without saw dust. To increase culture results  multiple jars per sample were used as described in the chapter Materials and Methods. 
It would be interesting to look for the cause of the variation in larval cultures whether it is determined by other environmental circumstances or the diet. If diet has an influence on the cultures it could offer complementary precautionary actions to reduce cyathostominae infections.

In vitro selection

By analysis of the rLMIA results a significant increase migration percentage of cyathostome XL3’s was found in CAS 1 and 2, CRU and BOE at 0.24 μg/ml ivermectin. And there was found a significant increase in migration percentage in CAS 2 and BOE at 30μg/ml ivermectin. 
CAS 1 and CAS 2  have  very similar migration  percentages, which is logical, because they originate from the same population, although the faecal samples were taken in different periods of time.
This significant increase in migration percentage means that there is a selection of XL3’s and therefore there could be reduced susceptibility of XL3 cyathostominae.
Results also indicate a heterogeneous population of larvae. The implications of these findings in relation to in vivo cyathostominae larvae is unknown, amongst others due to (unknown) influences of the environment of the cyathostominae larvae. 

For example decreased migration was found in 0 μg/ml ivermectin in population CAS 2 as well in 0 and 0.24ųg/ml ivermectin in population CRU, but even if there is a homogeneous population a constant migration percentage is expected. The cause of this decrease in the rLMIA migration results could be (accidental) longer incubation in ivermectin or other influences. 

In vitro selection and differentiation

In the prior study of M.Gulliker it was possible to perform an analysis of CAS 1, in which C.catinatum (36 %), C.goldi (34%) and C.longibursatus (25%) were the most prominent species. Also a difference in ivermectin susceptible species was found:
· C.catinatum in sieve 1 and sieve 2 at  0.24 μg/ml and 30 μg/ml 
· C.longibursatus in sieve 1 and sieve 2 at 0.24 μg/ml.

This means that the start population of C.catinatum and C.longibursatus were heterogeneous in the population CAS 1. 

Unfortunately in none of the populations CAS 2, CRU and BOE  enough larvae per species were found to perform an analysis of the species composition and species specific migration. Therefore it was not possible to compare the species differences between the populations.

It would be useful to do two RLBs (80 larvae) instead of one RLB per fraction larvae to collect more significant results of determined cyathostominae species..
End Conclusion
It was not possible to detect differences in species composition in and between populations, because there were not enough larvae.

In prior studies, populations that were treated with ivermectin displayed a greater increase in migration percentage. In this study the same effect is seen in the population BOE, but not in the population of CRU when compared to the population of CAS 2. No significant differences were found, to support a direct relation between frequency of anthelmintic treatments and migration percentages, which is most likely due to shortage of larvae.

The method used in this study is very labour intensive. Reproducibility is limited due to the large variations in larvae cultures, which has an important effect on growing enough larvae to do further testing. 

The rLMIA and RLB could potentially result in a better insight in selection of cyathostominae species, provided 2 RLBs per population are done, to ensure sufficient material to be used for further analysis. 
In total twelve horse populations were visited, of which eight populations proved to be usable. Two other completed and two uncompleted populations were discussed in the rapport of S. van der Woude.16 In the eighth population sufficient larvae were cultured to do a rLMIA, but because of lack of time  no rLMIA, Lysis, PCR and RLB were performed and, therefore not included in this study.
It could be interesting to repeat and complete CAS 2, CRU and BOE with remaining XL3s to collect sufficient results for analysis. And also to complete a few other populations that are in storage right now so more populations can be compared for differences in species composition and migration. 
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Appendices
1. Results McMaster

	McMaster Castricum
	Counted eggs
	EPG
	
	Counted 

eggs
	EPG

	Sample 1
	93
	4650
	Sample 9 
	4
	200

	Sample 2
	84
	4200
	Sample 10
	39
	1950

	Sample 3
	80
	4000
	Sample 11
	76
	3800

	Sample 4
	35
	1750
	Sample 12
	51
	2550

	Sample 5
	25
	1250
	Sample 13
	40
	2000

	Sample 6
	35
	1750
	Sample 14
	91
	4550

	Sample 7
	51
	2550
	Sample 15
	3
	150

	Sample 8 
	53
	2650
	
	
	


All samples were used for growing larvae.

	McMaster 

Cruquius
	Counted 

eggs
	EPG
	
	Counted eggs
	EPG

	Sample 1
	2
	100
	Sample 14
	1
	50

	Sample 2
	0
	0
	Sample 15
	0
	0

	Sample 3
	10
	500
	Sample 16
	0
	0

	Sample 4
	15
	750
	Sample 17
	0
	0

	Sample 5
	0
	0
	Sample 18
	0
	0

	Sample 6
	4
	200
	Sample 19
	0
	0

	Sample 7
	0
	0
	Sample 20
	0
	0

	Sample 8 
	0
	0
	Sample 21
	7
	350

	Sample 9 
	16
	800
	Sample 22
	3
	150

	Sample 10
	0
	0
	Sample 23
	1
	50

	Sample 11
	0
	0
	Sample 24
	1
	50

	Sample 12
	0
	0
	Sample 25
	0
	0

	Sample 13
	0
	0
	
	
	


There were used five different samples for growing larvae including one pooled sample:

Sample one are all samples with a minimum of 50 EPG and a maximum of 200 EPG

Sample two is the sample with 500 EPG.

Sample three is the sample with 750 EPG.

Sample four is the sample with 800 EPG.

Sample five is the sample with 350 EPG.
	McMaster Boerenhofstede
	Counted eggs
	EPG
	
	Counted

Eggs
	EPG

	Sample 1
	0
	0
	Sample 14
	0
	0

	Sample 2
	1
	50
	Sample 15
	0
	0

	Sample 3
	1
	50
	Sample 16
	0
	0

	Sample 4
	0
	0
	Sample 17
	0
	0

	Sample 5
	0
	0
	Sample 18
	0
	0

	Sample 6
	0
	0
	Sample 19
	1
	50

	Sample 7
	13
	650
	Sample 20
	0
	0

	Sample 8 
	0
	0
	Sample 21
	0
	0

	Sample 9 
	0
	0
	Sample 22
	1
	50

	Sample 10
	0
	0
	Sample 23
	1
	50

	Sample 11
	0
	0
	Sample 24
	26
	1300

	Sample 12
	0
	0
	Sample 25
	1
	50

	Sample 13
	0
	0
	Sample 26
	1
	50


Three different samples including one pooled sample were used to grow larvae.

Sample one contains all samples with a value of 50 EPG except sample 23.

Sample 23 was not used because there were so many other strongyles eggs present

Sample two is the sample with 650 EPG.

Sample three is the sample with 1300 EPG.
2. Results of larval cultures
	Castricum
	Counted larvae

	Sample 1
	 76.000

	Sample 2
	 32.000

	Sample 3
	Excluded

	Sample 4
	7600

	Sample 5
	 Put together for storage

	Sample 6
	 Put together for storage

	Sample 7
	 Put together for storage

	Sample 8
	 Put together for storage 

	Sample 9
	 Put together for storage

	Sample 10
	 Put together for storage

	Sample 11
	 Put together for storage

	Sample 12
	 Excluded

	Sample 13
	 Put together for storage

	Sample 14
	 Put together for storage

	Sample 15
	Excluded


Samples marked as excluded contained to much other nematodes to be useful for further testing. Samples marked as put together for storage were not used, but can be used for further testing.
Samples 1,2 and 4  (about 108.000 larvae) were also put together and used for the rLMIA.
	Cruquius
	Counted larvae

	Sample 1
	14.000

	Sample 2
	27.000

	Sample 3
	43.000

	Sample 4
	80.000

	Sample 5
	60.000


	Boerenhofstede
	Counted larvae

	Sample 1
	 700

	Sample 2
	 1050

	Sample 3
	 46.900


All samples were put together and halve of the content was used for the rLMIA.
3. Protocol McMaster

Benodigdheden:

· Snelweger, die minstens tot 0.1 g nauwkeurig kan afwegen

· Spatel

· Dispensor met verzadigde NaCl oplossing (dichtheid ca 1,17-1,20 g/cm3; 360 g NaCl op 1 l water)

Opm.: Sommigen gebruiken ook wel een verzadigde suikeroplossing. Suiker is erg plakkerig en wordt daarom niet standaard aangeraden. De dichtheid van een verzadigde NaCl suspensie is bovendien bij grazers doorgaans voldoende om de meeste relevante ei-typen te kunnen vinden, met uitzondering van leverboteieren.

· Afsluitbare plastic container van ca 30 ml of vergelijkbaar alternatief

· Mortier met vijzel

· Falconbuis van 50 ml die op tafel gezet kan worden, met schroefdop

· Cylinder of bakje met voldoende doorsnede en inhoud om daarboven een faecessuspensie te zeven 

· Cylindervormige grove zeef (ca 3 mm maaswijdte) of theezeef

· Pasteurse pipet met fiep of ballon

· McMaster telkamer

· Microscoop met een vergroting van ca 40x (6,3 x 6,3; 4 x 10) tot 100x

· Biechtteller

Uitvoering 

     1. Weeg 3 gram faeces af in een falconbuis

2. Doe vanuit dispensor 42 ml verzadigde NaCl in de 50 ml falconbuis.

3. Zwenk langurig, niet schudden dan komen er erg veel luchtbellen in.

4. Giet inhoud mortier over zeef in cylinder of bakje. Pers met stamper voorzichtig de vloeistof uit faecesmassa op zeef.

5. Giet inhoud cylinder of bakje terug in falconbuis.

6. Sluit falconbuis goed af, zwenk stevig, zodanig dat de buis steeds ondersteboven en weer terug gaat. Eventueel aanwezige eieren worden zo homogeen verdeeld over de gehele inhoud.

7. Verwijder dop, zuig pasteurse pipet vol uit midden van falconbuis en vul compartiment van de McMaster telkamer. Werk zo snel mogelijk.

8. Sluit falconbuis opnieuw af, schud opnieuw en vul tweede compartiment.

9. Leg telkamer bij microscoop en wacht enkele minuten (eieren moeten gaan drijven) voor met kleine vergroting gedifferentieerde eitelling gedaan wordt. Hierbij scherp stellen op lijnen van het kader of op de altijd aanwezig zijnde luchtbelletjes. Onder het kader of raster is het volume 0,15 ml.

4. Protocol rLMIA

rLMIA met 2 zeven

15nov2010  herzien:17 aug 2011
Ontscheden van de L3:

L3s cyathostomen ontscheden in 50x verdunde bleek (onverdunde stock conc 5% actieve chloor in koelkast). Het ontscheden bespoedigen door regelmatig schudden en volgen onder microscoop. Na ong 15 min beginnen ze te ontscheden. Als > 90% zonder schede is, de XL3’s door baermann zeefje gieten. Het filtraat door het 2e baermann zeefje gieten en XL3s op beide baermann zeefjes O/N laten migreren in kraanwater.
Volgende ochtend XL3s oogsten:

Met pasteurs pipet uithalen in ong 4-10 ml in sambal bakje.

Larven suspensie door 40 um zeefje gieten en dit zeefje in 6 ml PBS plaatsen. Het filtraat door 2e 40 um zeefje gieten en ook deze in 6 ml PBS in sambalbakje plaatsen.

BEWEEG HET BAKJE MET 40 UM ZEEFJE ALTIJD EEN PAAR KEER HEEEN EN WEER ALS ER xL3S OP HET ZEEFJE ZIJN GEPLAATST. DIT ZORGT VOOR HOMOGENE VERDELING VAN DE xL3 EN DUS VOOR RESULTATEN DIE MEER REPRODUCEERBAAR ZIJN.
XL3s 2 h laten migreren bij 37 C. 

40 um zeefjes verwijderen en vloeistof van boven af weg zuigen om de larven indien gewenst nog te concentreren. Voor standaard rLMIA heb je 4 ml onverdunde XL3s nodig (totaal 12.000 tot 20.000 XL3)

Verdunning XL3 suspentie maken:

Omdat het % migratie afhangt van het aantal zeven en de concentratie IVM, wordt er onder de verschillende condities, verschillende hoeveelheden larven gebruikt. Onderstaande hoeveelheden bleken goed te werken. Voor 1 complete rLMIA dus 17.500-30.000 XL3 nodig. Alle incubatie worden in duplo ingezet en de telling van de uitgangs suspentie wordt in 4-voud uitgevoerd (de 40x verdunde suspentie).

zeef

IVM(ug/ml)

XL3 suspentie 

1

0


40x verd.

1

0,24


40x verd

1

30


10x verd

1+2

0


40x verd.

1+2

0,24


10x verd.

1+2

30


onverd. (3000-5000 XL3 per ml)

Verunning maken:


onverdunde L3s: 
3.5-4ml geoogst

10x verd.:

1 ml onverdunde suspentie + 9 ml PBS = 10 ml

40x verd.:

3 ml 10x verd + 9 ml PBS = 12 ml

4x1 ml van de 40x verdunde oplossing tellen: evt L3s met schede of vrijlevende nematode niet meetellen!

NB: PIPETEREN VAN xL3 SUSPENTIE ALLEEN ALS DIE GOED GEHOMOGENISEERD IS! ANDERS KLOPT HELE BEREKENING NIET!!!!!!!
Migratie inzetten:
Let op: zeefjes (cell strainers 40 um) worden op opnieuw gebruikt, maar met en zonder IVM apart wassen en bewaren (IVM trekt in het plastic en is er nooit helemaal uit te krijgen). 

Preincubatie in duplo:

4,94 ml PBS + 60 ul DMSO/IVM. Goed mengen!
1 ml XL3 suspentie (onverdund, 1/10 of 1/40)

2h, 37 C in het donker


(Stock solution IVM met verschillende concentraties IVM in 100% DMSO in kastje. De stock oplossingen niet in de zon laten staan (niet stabiel in UV licht).   

Migratie Zeef 1: 

pre-incubatie mengsel door zeef gieten zonder luchtbellen, wel heen en weer schudden!

1h, 37C in het donker laten migreren

Na afloop gemigreerde XL3 kleuren, tellen en 80 XL3 per fractie isoleren (-80c opslaan)

Migratie Zeef 1+2:

Migratie mengsel dat door zeef 1 is gemigreerd door zeef 2 gieten zonder luchtbellen!

1h, 37C in het donker laten migreren

Na afloop gemigreerde XL3 kleuren, tellen en 80 XL3 per fractie isoleren.

Berekeningen:

Migratie % berekenen mbv spread heet.

geïsoleerde XL3 in RLB differentiëren.

Migratie % per soort per zeef berekenen mbv spreadsheet.
5. Protocol Lysis

Lysis of individual XL3 and use as template in PCR (18 aug 2011).
Solutions:

I2 staining solution: 50 g I2 and 100 g KI in 1L H2O.

Worm Lysis Buffer (WLB), (Kwa et al., J Mol Biol, 1995)
For 10 ml:

All stock solutions are stored in -20 (drawer Mol Biol)

50 mM KCl


500 ul 1M KCl 

10 mM Tris, pH 8.0

100 ul 1M Tris 

2.5 mM MgCl2

1000 ul 25 mM MgCl2 (Fermentas)

0.45% NP-40


45 ul 10% NP-40 

0.45% Tween-20

45 ul 10% Tween-20 

0.01% gelatine

100 ul 1% gelatine 





1790 ul

Milli Q H2O


8210 ul
Total



10000 ul 
Heat the solution slightly to dissolve the gelatine completely and store in 1 ml aliquots in WLB box in -20C
Before use: Thaw WLB and dilute proteinase K (stored -20 C, 20 mg/ml Fermentas) 200x in 
        WLB just before use. After use, discard excess WLB/Prot K buffer, do NOT put 
         it back in the WLB box in -20C.

Method:
Isolation L3/XL3:

L3’s were exsheated for about 15 min in 50x diluted Bleach (Stock contains 15% hypochlorite, keep at 4 C in the dark). 

XL3’s were collected after Baermann and/or after LMIA and stained with I2 staining solution.

(staining: 3 drops of Iodine-solutions in 6 ml XL3 suspension)

Individual XL3’s were collected in 2 ul of the staining solution and transferred to the bottom of a 0.5 ml vial. The presence of the XL3 in the vial is microscopically confirmed. 

Stained XL3’s can be stored for at least a week in I2 solution at 4 C in closed sambal-cups without affecting the yield of template DNA. 
Individual XL3’s are stored at -20 C (-80 C may be better for long term storage). 

Lysis:

25 ul WLB/Prot K is applied to each vial. Do not vortex or mix end over end, because the XL3 has to stay at the bottom of the vial. 

Freeze the sample for at least 15 min at -80 C 

Thaw the sample and spin shortly.

Incubate O/N at 56-58 C.

Next morning: Inactivate prot K in the sample at 95 C for 15 min.

Vortex thoroughly and spin shortly

6. Protocol PCR

Use 2.5 ul of this template (product created through lysis protocol) in a 25 ul PCR reaction

Pre-mix (PM) for PCR  is available (Lab W347, -20 C, drawer Mol Biol ) 

1 vial of PM is enough for PCR for RLB of 40 XL3s

PCR (modified from Traversa et al. 2007):

* present in PM vial

	Scheme per reaction
	ul

	 
	 

	Forw primer CY26 10 uM
	0.5*

	Rev primer CY4-biot 10 uM
	0.5*

	Template
	2.5

	 
	 

	10x buffer (+NH4SO4-MgCl)
	2.5*

	dNTP 10 mM
	0.5

	MgCl 25 mM
	1.5*

	Taq (5 U/ul)
	0.25

	H2O
	16.75*

	
	 

	Total
	25


	Cycle
	
	10 min 94 C

	 
	 
	1 min 94 C

	 
	 
	1 min 55 C
	35 x

	 
	 
	2 min 72 
	 

	 
	 
	7 min 72 C


Post-PCR processing:

10 ul PCR product is run on 1.5 % agarose gel at 5V per cm gel 

(small gel: 50 ml + 3 ul 5 mg/ml EtBr, large gel: 250 ml + 15 ul 5 mg/ml EtBr)

Apply 5-15 ul of PCR product to the RLB
7. Protocol RLB
Reverse Line Blot

Protocol based on RLB protocol from ICTTD 2009

General remarks:

*Never let the membrane dry out; PCR products will remain on the membrane for ever

*Use always forceps to handle the membrane and keep the up-side up. Only hold the membrane on the “empty” places

*Avoid contamination of all labs with the PCR products (otherwise future PCR-reactions can be contaminated as well), by working only in lab W356 and W.344 with the PCR product.

* Membrane can easily be removed from a tray containing fluid, but is difficult to remove from an empty tray.

 * Clean mini-blotter with warm tap water only. Do not use EtOH!

Coupling of probes to membrane

1. Dilute oligonucleotides in 150μl 0.5M NaHCO3, pH 8.4. 800 pmol/lanes is standard, but optimal concentration can be higher or lower .

2. Mark the membrane orientation by using ink (see below) in lane 1 en write the number of the membrane were the 1st probe crosses the first PCR-product.

3. Activate membrane by 10 min incubation in 10 ml 16% EDAC at room temperature. Rinse twice with DI-water. Discard EDAC in a bottle, not in sink!!

4. Place membrane on support cushion in clean miniblotter. Turn screws hand-tight. Remove residual water by aspiration (vacuum)

5. Fill slots with 150μl diluted probes, leave lane 1 open!

6. Fill the first lane with ink diluted 100X in 2 X SSPE

7. Incubate for at least 1 min at room temperature

8. Remove probe solutions by aspiration, in the same order as they were applied

9. Remove membrane from blotter with forceps and place in washing tray with 100ml 100mM freshly made from NaOH, for 8 min. Time is critical! (maximum 10min)

10. Wash membrane in 100ml 2X SSPE/0.1% SDS at 60°C for  5 min
11. Membrane is ready for use or can be stored at 4°C (for storage see membrane stripping section)

Hybridization with PCR product

Temperature and salt concentration have strong influence on hybridization efficiency. Keep them as constant as possible. 

1. Dilute PCR products: 10 μl in 150μl 2x SPPE/0.1%DS in 1.5ml tubes

2. Denature diluted PCR products for 10 min at 100°C in waterbath and cool on water-ice mixture immediately. Centrifuge after samples have cooled down.

3. Incubate membrane for 5 min in ~10 ml 2 X SSPE/0,1% SDS at room temperature 

4. Place membrane in miniblotter, with slots perpendicular to line pattern of applied probes. Number of the membrane must be where the 1st probe is going to cross the first PCR product.

5. Remove residual fluid by aspiration.

6. Fill slots with diluted PCR product (150μl). Fill empty slots with 2 x SSPE/0.1% SDS, to avoid cross flow. AVOID AIRBUBBLES. When air bubbles are formed, remove those by pipetting up and down.

7. Hybridize at 42°C for 60 min on a level surface in incubator.

8. Remove samples by aspiration. Put membrane in curver tray

9. Wash membrane 3x in preheated 2 x SSPE/O.5% SDS at 50°C in water bath. The 1st wash is short (removing excess of unbound material) followed by 2 washes of 5 min.

10. Incubate membrane with 20 ml 2x SSPE/0.5% SDS + 5μl streptavidine-HRP for 30 min at 42°C in incubator

11. Wash membrane 3x with 2x SSPE/0,5% SDS at 42°C in water bath. First wash, short followed by 2 washes of 5 min.

12. Wash membrane 3x with 2x SSPE at room temperature (first short, 2x 5min)

13. Dispose 2x SSPE

14. Spread 10ml ECL (5ml ECL1+ 5 ml ECL2, in refrigerator) over membrane, move gently for few minutes so that membrane is fully covered

15. Sandwich the membrane between 2 transparency sheets without excess fluid 

16. Expose x-ray film for 3-30 min (exposure depends strongly on the number of times that a membrane is used. For a new membrane start with 3 min)

17. Develop film on 5th floor

Membrane stripping

Membranes can be re-used many times (up to 20x).

For that you have to remove the hybridized PCR-product (stripping)

500ml 1% SDS (50ml 10% SDS + 450 ml DI-water) preheated at 90°C

1. Place membrane in stripping tray with stripping fluid and wash twice for 30 min in water bath at 80°C.

2. Store membrane at 4 C in 2xSSPE/ 0.1 % SDS

Solutions and materials
· Miniblotter 45 (Immunetics, Cambridge, MA 02139)

· Plastic cushions PC 200 (Immunetics)

· Biodyne C Membrane (negatively-charged Nylon 6.6), 0,45μ pore size 60320 (Pall Corporation, Gelman laboratory)

· Streptavidin-POD Conjugate 1 089 153 (500U in 1 ml )(Roche)

· ECL detection reagents RPN 3004 (Amersham pharmacia biotech)

Reverse line blot solutions UU version adjusted 12 july 2006

· 5M NaOH (mw=40.00) (100ml)

Dissolve 20g NaOH in 50 ml DI-water

Dilute NaOH in small portions till final volume of 100ml (EXOTHERM REACTION)

2ml 5M NaOH + 98 ml DI- water = 100ml 100mM NaOH

· 16% EDAC [1-ethyl-3(3-dimethylaminopropyl)carbodiimine (10mL) – Always prepare fresh ]

Take EDAC out of -20 C and let it adjust to RT.

Dissolve 1,6g EDAC in 10ml DI-water

Do not heat!

· 0.5M NaHCO3, pH 8.4 (250ml)

Dissolve 10,5g NaHCO3 in 240 ml DI-water

Adjust to pH 8,4 with NaOH

Add DI-water till final volume is 250ml

Filter sterilize (0.22μm), autoclaving change pH (CO2-escapes)

Store at room temperature for no longer than 6 months

10% SDS

Weight 40 g SDS (SDS is irritating powder ; do not shake bottle with SDS powder).

Dissolve in DI-water with end volume of 400 ml.

Stripping buffer

Mix 40 ml of 10 % SDS with 360 ml of DI-water.

· Prepare buffers, store at RT (almost indefenitly)

1. 400ml 2XSSPE/ 0.1% SDS (40 ml 20X SSPE + 4 ml 10%SDS + 356 ml DI-water)

2. 400ml 2XSSPE/ 0,5% SDS (40 ml 20X SSPE + 20 ml 10% SDS+340 ml DI-water)

3. 400ml 2XSSPE (40ml 20X SSPE + 360ml DI-water)
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