ARE SMALL STRONGYLES (CYATHOSTOMINAE) INVOLVED IN HORSE COLIC OCCURRENCE?
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Abstract
Strongyle infections have been traditionally regarded as a possible cause of colic in horses. 
Aim of the study was the comparison of parasitological status between subjects with or without colic syndrome, with particular attention to small strongyle infections.
Coprological analyses were performed on 86 horses: 43 with colic and 43 controls. Strongyle eggs were found in 34/86 horses (prevalence 39.5%), the mean number of strongyles eggs per gram of faeces (EPG[footnoteRef:1]) was 145.34 (standard deviation 398.28). All those 34 positive animals had small strongyles infections. [1:  EPG: eggs per gram of faeces] 

Negative binomial multiple regression highlighted no influence of horse sex on strongyle EPG, while there was a negative relationship between age and EPG (p<0.05); the same analysis revealed a significant difference of EPG (p<0.05) between control horses (mean EPG=178.1; standard deviation: 411.4) and horses with surgical colic (mean EPG=68.6 standard deviation: 259.8) when controlling for S. vulgaris presence including it in the model. On the contrary, the intensity of infection in horses with non-surgical colic (mean EPG=154.5; standard deviation: 480.4) did not significantly differed from controls. Similar results were obtained having estimated cyathostomine EPGs as dependent variable. Multinomial logistic regression confirmed the negative relationship between cyathostonine presence and surgical colic occurrence.
It is possible that 1) the presence of adult luminal parasites, would have a protective effect against the pathogenic action exerted by the development and emergence of small strongyles larvae from intestinal mucosa; 2) the management practices able to reduce the risk of colics are the same that cause higher exposure to strongyle infective larvae. 

Introduction
Colic is considered one of the most harmful diseases in horses and one of the most frequent challenge encountered by large animal veterinarians (Fisher, 2006).
Relatively little is known about the factors that lead to colic, but a number of recent epidemiological studies have tried to identify  risk factors. A variety of managemental factors can increase the risk of colic in intensively managed horses, e.g. access to water, and the amount of concentrate fed. This is consistent with the observation that horses at pasture, without any human influence on their diet, suffer relatively less colic than those managed more intensively (Proudman, 1999; Archer and Proudman, 2006; Scantlebuty et al., 2015).
Intestinal parasites has been traditionally regarded as a possible cause of horse colic (Love, 1992); however, the evidence of small strongyles (Cyathostominae) causing intestinal disorders has not been clearly demonstrated (Gonçalves et al., 2002) and the evidence of these parasites causing colic in horse is questioned (Uhlinger, 2007; Reinemeyer and Nielsen, 2009). Among strongyles, only the larval stage of the large strongyle Strongylus vulgaris is actually known to cause colic syndrome, consequent to thromboembolism and arteritis developed during the migration of the parasite larval stage in the host (Reinemeyer and Nielsen, 2009).
Cyatostomines are widespread nematodes parasites of the intestine of horse and other equids. They comprise a large number of non-migrating strongyle species, belonging to different genera (Lichtenfels et al., 2008). Small strongyles have a direct life cycle characterized by a phase of larval development in intestinal mucosa. Adult parasites live in the intestinal lumen and lay eggs that hatch in the environment; here the larvae develop from the first larval stage (L1) to the second stage (L2) and to the infective third stage (L3); horses become infected ingesting L3. Ingested L3s encyst in the gut mucosa and there develop to further larval stages and therefore, in the gut lumen, to adult. A peculiar feature of cyathostome biology is the propensity for arrested larval development of early L3 (EL3) within the mucosa for a period of time that varies and can exceed two years (Gibson, 1953; Love et al., 1999). Arrested development is a complex phenomenon. In equids it appears from limited studies that EL3 development is probably regulated by a negative feedback exerted by luminal adults to mucosal larvae (Gibson, 1953; Smith, 1976; Eysker et al., 1989; Love et al., 1999; Mughini Gras et. al., 2011). This negative feedback is a potential natural mechanism of regulation of parasite burden in equids (Stancampiano and Usai, 2015) and can help in explaining why, in most cases, intestinal strongyles are well tolerated by their hosts without clear clinical signs. However, the emergence of a large number of adult parasites from the mucosa can give rise to an enteric syndrome (larval cyathostominosis) with diarrhoea and weight loss, but the possible role in colic is unclear (Proudman, 1999).
Aim of the study was the comparison of parasitological status between subjects with or without colic syndrome, with particular regard to small strongyles infections, in order to evaluate the relationship between cyathostomine infection and the outcoming of colic in horse. The multiple negative binomial model used for the data analysis was aimed to control possible confounding effect exerted by large strongyle infection and therefore evaluate cystostomine relationship with colic.
Material and methods
A cross sectional study was performed on 86 horses referred to our the veterinary teaching hospital of the University of Bologna (Italy)university facility between December 2009 and October 2011. Sex and age were recorded for all animals. As a rule, no trustworthy data about former anthelmintic treatments (drugs used, dosing and timing) were available, because most owners avoided to provide this information in the hospital registration form.
Through the combination of history, physical examination, and diagnostic procedures, the veterinary surgeon determined and communicated to the owner the source of the abdominal pain, the estimated costs, the prognosis for recovery and therefore the correct treatment strategy, that is dependent to the severity of colic syndrome. Of the 86 horses enrolled in the study, 22 had a colic managed with medical therapy, 21 horses were submitted to surgery for a colic syndrome (in 9 horses the surgical site of lesion was small intestine, in 12 the surgical site of lesion was large intestine) and 43 horses, control group, were referred for reasons not related with gastrointestinal tract disorders.
Horse owners signed an informed consent for the inclusion in the study.
A Qquali-quantitative coprological analysis were performed for each individual horse within 24 hours from collection in the parasitology laboratory of our Department, according to the modified McMaster technique suggested by FAO (Roepstorff and Nansen, 1998) in order to detect the presence of parasite eggs in individual faeces and to estimate their amount as number of eggs per gram of faeces (EPG), with a sensitivity threshold of 20 eggs per gram. The flotation medium used was a solution having a 1.3 specific gravity obtained adding sucrose (260 g) and sodium nitrate (540 g) to 1000 ml of tap water.
Coprocolture was performed once on each strongyle-positive samples in order to obtain eggs hatching and larval development from first stage (L1) to third stage (L3) and therefore differentiate small strongyles (L3 less than 1000 μm long with 8 or more intestinal cells) and S. vulgaris (larvae more than 1000 μm long with 28-32 intestinal cells) infections, according to the keys and descriprions of Euzeby (1981) and Madeira de Carvalho et al. (2008). About 20 g of individual faeces were mixed with water and vermiculite, therefore kept at room temperature (covered with a gauze and daily wet) for 10 days. Larvae extraction was performed placing a gauze containing the cultured faeces in a Baerman’s apparatus composed by a funnel grafted onto a conic test tube. After 24 hours, the sediment containing the larvae was examined under a light microscope until 100 larvae/horse were identified. The number of strongyle eggs belonging to each taxonomic group was estimated according to Mughini Gras et al. (2011).
Given the aggregated distribution of parasites, negative binomial regression model was built in order to highlight the relationship between small strongyle EPG (dependant variable) and sex, age (in years) and colic status. Multinomial logistic regression was used to evaluate parasite infections possibly involved in surgical and non-surgical colics occurrence. Data were analysed using STATA 11.2.

Results
The 86 horses included in the survey were 39 females (45.3%), 23 stallions (26.7%) and 24 geldings (28%). Their age ranged from less than 1 to 28 years (average age: 8 years).
Strongyle eggs were found in 34/86 horses (prevalence 39.5%), the mean number of strongyles eggs per gram of faeces (EPG) was 145.34 (standard deviation 398.28). All those 34 positive animals had small strongyles infections; among them, 4 horses (4.6%) had S. vulgaris infection, too. One control horse had also low burden (15 EPG) of Trichostrongylus sp., and one horse with colic treated with medical therapy had also low burden (28 EPG) of Strongyloides sp.
Negative binomial multiple regression (table 1) highlighted no influence of horse sex on strongyle EPG, while there was a negative relationship between age and EPG (p<0.05); the same analysis revealed a significant difference of EPG (p<0.05) between control horses (mean EPG=178.1; standard deviation: 411.4) and horses with surgical colic (mean EPG=68.6 standard deviation: 259.8) when controlling for S. vulgaris presence including it in the model. On the contrary, the intensity of infection in horses with non-surgical colic (mean EPG=154.5; standard deviation: 480.4) did not significantly differed from controls. Similar results were obtained having estimated cyathostomine EPGs as dependent variable (table 2). Multinomial logistic regression (table 3) confirmed the significant negative relationship between cyathostonine presence and surgical colic occurrence (p<0.05).
In addition to strongyles, coprological analysis revealed 8 cases of ascarid infection (3 control horses, 3 horses with non-surgical colic, 2 horses with surgical colic. Mean ascarid EPG number was 178.0 (standard deviation: 458.0) in controls, 1406.2 (standard deviation: 6565.2) in horses with non-surgical colic and 128.4 (standard deviation: 528.6) in horses with surgical colic. Mean ascarid EPG number was 2606.0 (standard deviation: 8512.0) in young (less than 3 years old), 49.9 (standard deviation: 307.8) in adult, 0 in old horses (more than 15 years old). Only one horse, a six month old female, had a colic due to ascarid impaction subsequent to deworming. It recovered with medical therapy: saline solution IV for 24 hours and administration of mineral oil. 
No cestode egg was found.


Discussion
Horse colic is a complex disease, a “melting-pot” comprising a large amount of clinical situations, from simple motility problems to mechanical obstruction, from gas distension to bowel necrosis (Fisher, 2006).
A large amount of literature is available regarding risk factors, but both observational and experimental studies show contradictory results; the role of age, as reviewed by Archer and Proudman (2006), is paradigmatic: higher colic risk has been observed in every horse age classes. Both confounding factors and differences among different colic types are probably the cause of this inconsistency. 
As stated by Archer and Proudman (2006) colics are complex and multi-factorial in nature, and this is probably the reason why colic risk factors are so difficult to point out. In order to make a distinction among colics, in our study we have classified each colic case according to the treatment strategy suggested and performed by the veterinary surgeon; in fact, the surgical treatment is employed when the severity of the colic is revealed by signs of endotoxemia, critical motility alteration and unremitting pain.
The few widely documented risk factors comprise changes of diet -in particular sudden changes of food quality and quantity, stabling and access to pasture -being in particular horses spending more time at pasture at lower colic risk, and stereotypic behavior [Fisher, 2006; Scantlebury et al., 2015; Salem et al., 2016).
As regards intestinal parasites, in particular small strongyles, the inconsistent evidence of their role in promoting colic (see for example the positive relationship between colic incidence and the use of anthelmintic reported by Salem et al., 2016) is affected by a sort of “common sense” claiming that parasites do cause colic and therefore are always to be removed (Scantlebury et al., 2015). This “common sense” has been questioned by some authors (Uhlinger, 2007; Reinemeyer, 2009) and the results of the present study seem to support their questioning.
In our study, the differentiation of cyathostomine infections among infections sustained by strongyles sensu lato and the use of multiple regression models suitable for parasitological data, made it possible to evaluate the role of this particular group of helminths in colic occurrence. We highlighted a negative relationship between cyathostomine intensity of infection and the severity of colic syndrome. The paucity of small strongyles in horses undergoing surgery because of colic, evidenced by multiple negative binomial regression (Tables 1, 2), and the lower risk of surgical colic in horses hosting cyathostomines, evidenced by logistic regression (Table 3), may appear counter-intuitive and raises questions about the role of these parasites in intestinal damage and occurrence of colic in horses. Some possible reasons of these negative relationships between small strongyles and colic may be hypothesized:
1. the presence of adult luminal parasites, inhibiting mucosal larvae (Eysker et al., 1989), would have a protective effect against the pathogenic action exerted by the development and emergence of small strongyles larvae from intestinal mucosa;
2. the management practices able to reduce the risk of colics (for example the access to pasture) are the same that cause higher exposure to strongyle infective larvae. 

In addition, it is possible that, although small strongyles are not directly involved in horse colic, the widespread belief that parasites cause colics determines the use of anthelmintic in horses frequently undergoing colics due to other factors. It could determine a spurious link between colics and cyathostomine absence; this hypothesis is consistent with the results obtained by Salem et al. (2016) that observed that horses that had received anthelmintic in the previous 6-month period were more likely to have a 12-month hystory of colic. 
The absence of a statistically significant relation between small strongyles and non-surgical colics does not imply that small strongyles protect against severe colics but not for less severe ones. Actually, also in non-surgical colics, the abundance of small strongyles is lower than controls, although not significantly at 0.05 level (Table 2: coefficient -1.052, p-value 0.208). 
In any case, the present survey, demonstrating lower intensity of infection in horses with severe colic syndrome, does not support small strongyles control for the prevention of colics. It is even possible that a certain number of small strongyles, stimulating horse immunity, would protect from more serious worm burden and therefore to significant health impairment (Monhan et al., 1997; Kaplan and Nielsen, 2010). From an ecological point of view, having horses evolved with their intestinal worms (Kaplan and Nielsen, 2010), we could consider the second hypothesis (management and pasture) as the evidence that the suitable environment for the horse is also the suitable environment for its co-evolved parasite populations that are, in turn, well controlled by the negative feed-back described in the first hypothesis.
As regards parasites different from small strongyles, our results do not exclude the possibility that ascarids and S. vulgaris are involved causing a limited subset of colics, such as the case of ascarid impaction observed in the present survey and well documented in literature (Proudman, 1999; Madeira de Carvalho et al., 2008; Nielsen, 2016; Nielsen et al., 2016). Intestinal parasites are indeed not a single, indistinct and uniform noxa, and our results confirms that trying to understand if parasites generically cause colic is nor sensible or practically useful.

Conclusions
The classification of colics in surgical and non-surgical and the identification, of the different intestinal parasites infecting the horses of the present survey improved the knowledge about the relationship between colics and parasites in horses. The results of the present study should be confirmed in other countries and conditions. However iIt suggests that small strongyles infections are not probably a risk factor for colics, and that this group of parasites could be linked with protective factor or even represent itself a protective factor for colics. The results of the present study should be confirmed in other countries and conditions, in order to confirm and substantiate these hypotheses.
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Table 1-Results of negative binomial regression having Strongyle EPGs as dependent variable. 

	Strongyles
	
	Coefficient
	Standard Error
	p-value

	clinical status
	
no colic
non-surgical colic
surgical colic
	
0
-0.609
-1.975
	

0.893
0.931
	

0.495
0.034

	S. vulgaris
	
absent
present
	
0
3.336
	

1.715
	

0.052

	age
	
	-0.178
	0.077
	0.020

	constant
	
	3.370
	0.875
	0.000


Table 1-Results of negative binomial regression having Strongyle EPGs as dependent variable. 

Table 2-Results of negative binomial regression having estimated cyathostomine EPGs as dependent variable. 

	[bookmark: _GoBack]Cyathostomine
	
	Coefficient
	Standard Error
	p-value

	clinical status
	
no colic
non-surgical colic
surgical colic
	
0
-1.052
-2.692
	

0.837
0.984
	

0.208
0.006

	S. vulgaris
	
absent
present
	
0
3.854
	

1.749
	

0.028

	age
	
	-0.132
	0.085
	0.121

	constant
	
	2.935
	0.859
	0.001


Table 2-Results of negative binomial regression having estimated cyathostomine EPGs as dependent variable. 



	Clinical status
	
	Coefficient
	Standard Error
	p-value

	no colic
	:
	0
	
	

	non-surgical colic
	
cyathostomine
S. vulgaris
	
0.143
-14.951
	
0.543
1314.08
	
0.792
0.991

	surgical colic
	
cyathostomine
S. vulgaris
	
-1.686
0.916
	
0.814
1.378
	
0.038
0.506


Table 3-Results of multinomial logistic regression having clinical status as dependent variable and the positivity to cyathostomine and S. vulgaris as covariates. 
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