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			Abstract

			Helminth parasites represent a major obstacle for health and productivity in animals worldwide. The infection rate of parasitic diseases is responsible for vast economic losses in livestock production. Among various control methods, vaccination is considered as one of the best methods to reduce economic losses caused by parasitic diseases. However, some problems such as complicated characteristics of parasites and a high initial price of vaccine make this method limited. This paper reviews research mainstream on vaccines, control methods of parasites, introduction to the Trichostrongylus colubriformis parasite and vaccination, and challenges of vaccine development. Future research on vaccine development against helminth parasites is suggested.

		

		
			Introduction

			Parasite diseases are a main obstacle in inhibiting productivity of animals, thus reducing efficient livestock production. Both parasites, living inside the body and living on the body, are key agents for huge economic losses in animal production, especially cattle and sheep [1]. This fact provides a strong incentive for researchers to seek appropriate vaccines against parasites. Although development of vaccines against parasites faces challenges such as the complexity and diversity of parasites [2], research on anti-parasite vaccines has attracted much interest of researchers and scholars in medical sciences for the aim of searching the most effective way to treat animal diseases. 

			This paper aims to present a short review on 

			a)	 Current research mainstreams on vaccines;

			b)	Control methods of parasites;

			c)	An introduction to Trichostrongylus colubriformis parasite;

			d)	Vaccination including the development of immunity against parasite and the development of vaccines against Trichostrongylus colubriformis;

			e)	Challenges of vaccine development;

			f)	Suggestions on future research.

			Current Research Mainstreams

			It is widely recognized that there are two main aspects of current research mainstreams including the market for vaccines against parasites and the progress of parasite vaccines against helminth. At the first glance, the market for vaccines against parasites is enormous because there are more than 18 billion 
animals affected by parasites, however, until now very few 

effective vaccines are available to protect animals from helminth parasite infections [3]. Helminth parasites have reportedly influenced animal health and productivity for a long time, including tropical maladies caused by helminth worm parasites [2]. Treatment methods of parasites on livestock are dominated by drugs utilization [4]. According to Meeusen, et al. (As cited by Tak et al. [4]), this situation has changed by the demand of consumers for food free of chemicals. In today’s vaccine market, although many types of vaccines have been developed, as indicated in Table 1, just a few vaccines can be commercialized due to a quantity of technical factors [1]. The types of vaccines in Table 1 could treat some specific parasites, for example, anaplaz can cure anaplasmosis which is a vector-borne, infectious blood disease in cattle caused by the rickettsia parasites. Another example is Toxovax that can treat toxoplasmosis disease caused by Toxoplasma gondii, an intracellular protozoan parasite that lives on sheep. However, these vaccines could not be effective for special parasites such as Trichostrongylus colubriformis. This leads to a growing demand for developing safe and effective vaccines consisting of anti-parasite commercial vaccines.

			Table 1: Commercial vaccines in the market

			
				
					
					
				
				
					
							
							Disease, Parasite

						
							
							Trade name

						
					

					
							
							Avian coccidiosis (Eimeria spp.)

						
							
							Paracox, Coccivax, Livacox, Immucox

						
					

					
							
							Toxoplasmosis of sheep (Toxoplasma gondii)

						
							
							Toxovax

						
					

					
							
							Giardiosis of dogs (Lamblia spp.)

						
							
							GiardiaVax

						
					

					
							
							Anaplasmosis of cattle (Anaplas ma marginale)

						
							
							Anaplaz

						
					

					
							
							Lungworn (Dictyocaulidae)

						
							
							Huskvac, Dictol

						
					

					
							
							Taxas fever tick (Boophilus mi croplus)

						
							
							TickGard, Gavac

						
					

				
			

			 Source: Adapted from Antiparasitics: Products and Markets by Tak et al. [4]

			The lack of progress in vaccine development against helminth parasites is another factor worth mentioning here. According to Hewitson & Maizels [2], the reason for this is the complexity and diversity sourced from the helminth parasites. The helminths consist of different but related parasites, Nematoda and the Flatworm Platyhelminthes. The latter itself is separated into Cestodes (tapeworms) and Trematodes (flukes). These groups are classified into different branches, though they share similar patterns of transmission, infection and pathogenesis. However, in some cases of chronic helminth infection, it causes difficulty to eliminate the parasite from the body. Thus, it would lead to a challenge to develop a new vaccine against helminth parasites [7]. Supporting this view, Morrison & Tomely [3] argued that a shortage of in vitro methods for the culture of parasites is also a significant constraint for the progress of vaccines. It can be seen that these problems could potentially provide an avenue for researchers to keep going on searching and developing appropriate vaccines against helminth parasites in order to improve economic profit in livestock production. 

			Control Methods of Parasites

			There are four methods to control parasites including chemotherapy and chemoprophylaxis, integrated control, biological control and immunoprophylaxis are commonly used. To be more specific,

			(i)	Chemotherapy and chemoprophylaxis are considered as a control method against parasites. This method has long been used in the world. However, it faces risks to which the animals may be exposed to toxic from these two types [5]. In such a sense, this method is not popular today due to negative effects from residues and environmental issues [1]; 

			(ii)	The integrated control is a combination of biological, bio-technological and chemical control approach. This method aims to reduce chemical control agents to the lowest level [1]. Following Larsen [6], such an integrated approach is likely to obtain the most effective control because it can reduce infection levels and increase the immunity level; 

			(iii)	Biological control is referred to as the use of one living organism to control a target parasite population and thus help to reduce the population growth of the latter [1]. According to Larsen [6], nematophagous fungi, for example Duddingtonia flagrans is very efficient to control gastrointestinal nematodes of livestock by lowering pasture infectivity; 

			(iv)	Immunoprophylaxis is considered as the most promising way to eliminate infectious agents in livestock [1]. However, vaccines to control most of the parasitic infections of animals are not commercially available except for vaccine produced from Dictyocaulus viviparus [1,7]. Overall, these methods can be used to control parasites. However, depending on characteristics of each type of parasites, a combination of these methods is required to generate the best result of control.

			Trichostrongylus colubriformis Parasite

			[image: ]

			In order to apply a proper control method for the helminth parasite like T. colubriformis and to develop an appropriate vaccine against this parasite, its characteristics and the rate of infection on human and animals in different countries and on livestock production in Australia should be perused. By definition, T. colubriformis is known as an intestinal parasite in animals with a wide-range distribution [8]. According to Phosuk at el. [9], there are 30 species of T. colubriformis affecting mammals and only 10 species influencing human. T. colubriformis is considered as the main zoonotic species causing human infection [8,10]. The infection of T. colubriformis is detected in eggs through experiments in the laboratory using fecal samples. Figure 1 displays the shape of  T. colubriformis under microscope. Specifically, the upper image shows untreated or normal status of T. colubriformis parasite, so-called control, whereas the lower image showed treated status of T. colubriformis with colouring, marked as labelled. However, it is hard to distinguish between morphology (namely shape, composition and life environment) of T. colubriformis in eggs and other hookworm species because of their similar features [14]. The reason for human infections is the result from close contact with animals and this leads to symptoms such stomachaches, diarrhea and eosinophilia. Recently, T. colubriformis has been reported to have influence on human and animals in some countries such as Laos, Thailand, Iran, South Korea, China, the United States, and Australia [8,11]. This problem brings attention of researchers to develop appropriate vaccines to stop their influences and recover animal productivity and human health. 

			In Australia, the effects of T. colubriformis are mainly on animal health, namely sheep, thus these effects would cause a reduction in economic profit of sheep production. Recent work of Corvan, et al. [10] indicated that T. colubriformis can be treated successfully if T Helper Cell Type 2 (Th2) induced by gastrointestinal nematode (GIN) is utilized. However, the challenge faced with the GIN T. colubriformis parasite is that the protective Th2 responses of sheep are characterized by anti-parasite antibodies and eosinophilia [10,12]. In this sense, vaccine that might be developed is able to provide stimuli for the same immune response. However, Andronicos et al. [10] asserted that this approach has not implemented widely successful due to an inability of a killed vaccine to activate immune response that imitate accurately natural GIN infection. In short, T. colubriformis is one type of helminth parasites with differentiated characteristics, meaning that more requirements and conditions are necessary to develop appropriate vaccines to combat it successfully. 

			Vaccination against Helminth Parasites

			The detail of vaccination is useful to show the development of immunity against parasites and that of vaccines against T.colubriformis. Vaccination has been widely known as the most popular solution to control parasite diseases, thus protect the most vulnerable animals in a herd for purpose of reducing the rate of infection in susceptible animals [1,3]. Regarding immunity against parasites, there are some differences between developing immunity against parasites with immunity against bacteria or virus. According to Tak et al. [4], the development of vaccines to control helminth parasites is enormously impacted by rapid development of the molecular biology in this era. However, helminth parasites have not only a complex developmental cycle in their host but also plenty of antigen components expressed at every stage. Therefore, against these organisms, vaccination can present a great deal of alternate targets [2]. As a consequence, vaccines designed efficiently need to be related to several inter disciplines. Parasitological techniques are the most important basic technique, which maintain the parasite cultures and supply ingredient for antigen purification as an element for developing a new effective vaccine [4]. Hence, there are not many commercial parasite vaccines on the market today.

			 Relating to the development of vaccines for T.colubriformis parasites, it can be observed that characteristics of  T.colubriformis parasite are different from other ruminant nematode parasites, for example, adults are located in in the lumen of the small intestine. Therefore, failure for most recombinant protein vaccine against this parasite is common [2]. Emery, et al. [7] argued that a successful vaccine against nematodes may need to generate a series of local cellular and humoral responses. Hewitson & Maizels [2] stated that “lambs are immunized with a combination of eight recombinant T. circumcincta”. This means that a successful immunization can result in combining eight types of recombinant T. circumcincta. Although this result has been just successful in the laboratory, it shows a possible feasibility of recombinant vaccines against these parasites. 

			Challenges of Vaccine Development

			The challenges of vaccine development are also important to discuss. These challenges can be listed as follows in three sub-contents: what are difficulties for vaccine development, reasons for failure and specific obstacles for vaccine development against T.colubriformis. In more detail, the process of vaccines development against parasites is complicated and faces several challenges. Following Hewitson & Maizels [2], key impediments in vaccines development consist of identifying the protective antigens, pinpointing the protective mechanism and providing an appropriate incentive to mobilize these pathways. Morrison & Tomley [3] pointed out that the ability of many parasites to modulate host immune responses can lead to a consequence of parasite clearance delayed. These difficulties make many efforts of recent studies to develop vaccines for helminths unsuccessful. 

			Reasons for failure of a vaccine can come from different sources. According to Kebede, et al. [1], these reasons can be listed as follows. First, the vaccines may not be infective due to using the wrong antigens or insufficient antigens and even unsatisfactory administration. For instance, if animals are vaccinated in the incubation period, the vaccine may not be effective for the course of disease. Second, when the normal immune response is inhibited, the failure of vaccine happens. Some stress like fatigue, malnourishment, and pregnancy may reduce normal immune response. Emery, et al. [7] revealed that enteric immune response depends on both route of delivery and adjuvant. So, this factor needs to be concerned in the process of vaccine development. Finally, Kebede, et al. [1] showed that vaccine efficacy is an enhancer to make the failure of a vaccine reduced. In doing so, antigen cells must be activated to process efficiently antigens and release appropriately interleukins. Similarly, T and B cells (so-called lymphocytes that develop in bone marrows similar to all blood cells) should be stimulated to yield a large quantity of memory cells. Moreover, the antigen must persist in suitable sites. Once three contents are treated efficiently, success of vaccine development may be recognised. 

			Regarding challenges of developing vaccines for T.colubriformis, some conditions need to be satisfied to achieve the goal of vaccination. According to Hewistson & Maizels [2], the mode of immune responsiveness must be correct, in which the Th2 pathway is present in most helminth settings. This is followed by the type of response through signals from innate cells and tissues that is vitally determined to provide the appropriate stimulation of the innate compartment for the design of new vaccines. Andronicos, et al. [13] found that the mode of host resistances of helminth parasites including T.colubriformis is different though some similarities of host sensibility is present. In addition, Emery, et al. [7] illustrated that local responses should be effective against nematodes like T.colubriformis. These factors should be considered for the purpose of producing a successful vaccine. 

			Suggestions on Future Research

			Generally, it is known that this process is much more difficult. This is because T. colubriformis affects both human and animals and the rate of its infection is reportedly enormous over the world [8,14]. It is noted that the difficulty of vaccine development has not included high costs of vaccination in the initial phase [14]. In spite of these challenges, research on vaccines for this type of parasite has attracted much interest of researchers and scholars, for example Goodswen, et al. [15] suggested an application of reverse vaccinology against parasites that is worth of concern. On top of this, to be able to seek an effective solution for vaccine development against this parasite, the following objectives should aim to first 

			a)	Define the physiochemical characteristics that facilitate the development of  T. colubriformis from L3 larvae into sexually mature adults, 

			b)	Define antigens from the L3, L4 and adult stages of T. colubriformis that react to antibodies from sheep immunologically resistant to T. colubriformis, 

			c)	Use recombinant DNA technology to generate T. colubriformis antigen for incorporation to an experimental vaccine, and 

			d)	Test the vaccine in a T. colubriformis permissive laboratory animal model (rabbit or guinea pig). 

			Once these objectives can be done, the probability of developing a successful vaccine may be higher, and then the opportunity of developing a commercial vaccine is greater. In order words, social wellbeing can be improved including an increase in economic profit of animal production.

			Conclusion

			This paper provides a brief review on vaccine development against helminth parasites in general and T. colubriformis in particular. The distribution of the infection of these parasites is worldwide, causing huge influence on human health and livestock production. This leads to a critical question of how to combat these parasites successfully and that is still a challenge for scientists. Indeed, the development of vaccine against parasites is a potential solution to overcome this problem; however, there are several things to be considered in the process of designing a new vaccine. Although it is not easy to find and develop an effective vaccine, it seems that scientists never give up. Instead, they put more efforts into research on vaccine development in order to improve animal productivity and human welfare.
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Figure 1: T. Colubriformis under microscope, Andronicos et al. [12]
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