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Abstract

Helminthes have harmful impacts on livestock productivity by affecting growth rate,
fertility, meat quality, and wool and milk production. The financial costs associated with
these worms are significant. The global increase in anthelmintic-resistant nematodes of
ruminants, together with consumer concerns about chemicals in food, necessitates the
development of alternative methods of control for these pathogens. Vaccines are consid-

ered a favorable alternative because of the long-lasting protection they can provide and
the absence of chemical residues in animal products and the environment. The process
of vaccine development against parasites is complicated and faces several challenges.
The safety and efficacy of the vaccine, detecting the protective antigens, identifying the
protective mechanism, difficulty in obtaining enough quantities of parasite material, and
decisions from policymakers are the main challenges for the production of effective hel-
minth vaccines. Very few helminth vaccines are on the livestock market, currently for
nematodes. These comprise only the cattle lungworm (Dictyocaulus viviparous) vaccine
and a vaccine against the barber’s pole worm (Haemonchus contortus) in sheep, and the
only recombinant helminth vaccine against the cestodes (Echinococcus granulosus) in
ruminants. The ongoing development of experimental vaccines against several other hel-
minth species in livestock holds promise for a wider range of helminth vaccines in the
future.
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1. Introduction

The major helminth infections in ruminants include gastrointestinal nematodes, liver fluke, and lungworms, which are
mainly controlled by regular treatments with anthelmintic drugs. However, frequent use of these anthelmintics favors the
development of anthelmintic resistance [1]. Worldwide reports of gastrointestinal nematodes in small ruminants exhibiting
resistance to all kinds of anthelmintics have been made. Cattle parasites, namely Cooperia species and, to a lesser extent,
Ostertagia ostertagi, are also exhibiting resistance to macrocyclic lactones. Vaccines, nematophagous fungi, bioactive
forages, selective breeding for host resistance, and more alternative control strategies must be used in addition to the more
sustainable use of anthelmintics [1].

In addition to minimizing animal suffering, enabling the productive production of food animals to feed the growing
human population, and significantly lowering the need for antibiotics to treat food and companion animals, veterinary
vaccines have played a significant role in safeguarding animal health and public health [2]. VVaccines for cattle are useful
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in many ways. According to Rott [3], the main benefits of veterinary vaccines are as follows: they reduce the need for
antibiotics, improve food safety, prevent zoonotic diseases, control emerging and exotic diseases in humans and animals,
and manage diseases in horses and companion animals.

The global increase in anthelmintic-resistant nematodes of ruminants, together with consumer concerns about chemicals
in food, facilitates the development of alternative methods of control for these pathogens, and subunit recombinant vac-
cines are believed to be the solution to overcome such problems. The development of a subunit multicellular parasite
vaccine to the point of practical application would be a groundbreaking step in the control of these important endemic
infections in livestock [4]. The advancement of molecular techniques is also thought to be a favorable situation for the
creation of new vaccines soon. Reliable and current scientific knowledge is critical for the understanding and implemen-
tation of parasitic disease vaccines [5]. Therefore, the objective of this review is to summarize the current status and
challenges in the development of the helminth vaccine in ruminants.

2. Literature Review
2.1 A general overview of the vaccine against helminth parasites in ruminants

Vaccines are considered a favorable alternative because of the long-lasting protection they can provide and the absence of
chemical residues in animal products and the environment [4]. The research into vaccines against cestode larvae is also
gaining traction. Because of the condemned diseased carcasses, the larval stages of Taenia ovis and Taenia hydatigena in
sheep represent a major economic burden [6].

Vaccination works on the idea of inducing immunologic protection in a host against a subsequent infection. The immune
system can be boosted in this way by using subunit vaccinations, which include weakened or destroyed parasite proteins
or antigens. Subunit vaccines can be based on a single antigen or a combination of antigens extracted from parasites or
produced using recombinant DNA technology [7].

2.2 Types of vaccine

2.2.1 Live vaccine
Live vaccines have a shorter shelf life and are less stable than vaccines prepared either from etiologic agents or less path-
ogenic strains. They run the risk of the parasites spreading to other susceptible animals. In this regard, live vaccines can
be divided into two categories: those that cause self-limiting infections and those that cause persistent infections. VVaccines
that generate self-limiting infections have been developed using parasite strains that cause infections that aren't typically
present. They pose no risk to the environment since the life cycle of the parasite has not been continued. Requirements are
restricted to providing evidence that the biological characteristics of the vaccine strains do not change upon consecutive
passage. This is referred to as a reversion to virulence, even in cases where a wild-type strain is used for vaccination [5].
Many parasite species have complex life cycles with multiple phases, which can sometimes include more than one host.
Another technique for developing vaccines is to choose parasite strains with abbreviated life cycles where the early life
cycle phases are sufficiently immunogenic to generate protective immunity. One significant advantage is that the vaccina-
tion strain does not spread in the environment. Parasite irradiation has also been used to end the life cycle of parasites [5].

2.2.2 Killed vaccine

In most cases, killed vaccines do not produce protective immunity on their own, thus an adequate adjuvant and formulation
must be devised. In these instances, additional care must be paid to the adjuvant's safety. Salts of aluminum adjuvants,
such as water in oil and oil in water, as well as saponins, are often utilized [8].

Vaccines that have been Killed are more stable and have a longer shelf life. VVaccines that have been killed can be made
from complete organisms, parts, or products. If no live vaccine strains are available or the use of live vaccines is undesirable,
the parasites may be inactivated before vaccine production. The effectiveness of inactivation is a critical concern with
these vaccinations, and experimental evidence supporting inactivation efficacy must be presented [5].

2.3 Challenges of vaccine development

It is inappropriate to manufacture a commercial vaccine directly from worm material, as most parasite species make it
difficult or impossible to get large enough quantities of parasite material. Recombinant vaccinations against a range of
helminths have, therefore, been investigated. Recombinant vaccine antigens are protective in only a small number of cases,
and maintaining target antigens in recombinant form in the proper shape is challenging [9]. Detecting protective antigens,
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identifying protective mechanisms, and giving an appropriate incentive to deploy these pathways, according to [10], are
significant barriers to vaccine development. According to Diemert and co-investigators [11], many parasites' ability to
influence host immune responses can result in parasite clearance being delayed. Due to these challenges, several recent
attempts to develop helminth vaccines have failed.

Safety is a major issue for vaccines. The development of a promising human hookworm vaccine based on activation-
associated secreted proteins (ASPs) was stopped because of serious allergic reactions in vaccinated pre-exposed individu-
als [12]. It is encouraging that Claerebout and others [13] observed no adverse reactions in grazing ewes that were vac-
cinated with a recombinant Teladorsagia circumcincta vaccine containing ASP. Vaccine efficacy should be sufficient to
reduce parasite transmission to a level that prevents sickness and production losses [14]. Because helminth vaccines are
unlikely to achieve the same degree of efficiency as current anthelmintics, immunization may be used in conjunction with
other parasite control strategies, such as grazing management [4].

Policymakers are unlikely to enforce the use of helminth vaccinations since helminth infections in livestock are consid-
ered productivity diseases with no impact on public health or international trade. As a result, the farmer will be responsible
for deciding whether or not to vaccinate, which will be based, among other things, on the vaccine's performance and cost-
effectiveness in comparison to alternative management techniques [15].

2.4 Commercially available helminth vaccines

Very few helminth vaccines are on the market for livestock, as summarized in Table 1 below. Vaccines for nematodes
comprise only the cattle lungworm (Dictyocaulus viviparous) vaccine (Bovilis®, Huskvac) and a vaccine against the bar-
ber’s pole worm (Haemonchus contortus) in sheep (Barbervax®, Wormvax Australia Pty Ltd.); the latter is available in
Australia and South Africa only. The only recombinant helminth vaccine against the cestodes Echinococcus granulosus in
ruminants (Providean HidatilEG95®, Tecnovax) is commercially available. However, based on the rapid evolution of
proteomics and glycomics technologies, it seems reasonable to expect that additional recombinant or synthetic helminth
vaccines will be available by 2030. Similarly, the optimization of antigen delivery systems will be driven by increasing
knowledge of host-parasite interactions [4].

2.4.1 Vaccine against Dictyocaulus viviparous

A commercial lungworm vaccine (Bovilis, Huskvac), composed of live irradiated third-stage (L3) Dictyocaulus viviparous
larvae, was developed decades ago [16]. Two doses of 1000 viable irradiated larvae are delivered orally with an interval
of approximately 4 weeks, and the full vaccination schedule should be completed at least 2 weeks before the turnout of the
vaccinated animals on pasture. Vaccinated cattle should not be treated with anthelmintics until at least 2 weeks after the
second vaccination. The vaccine can be used in healthy cattle of 8 weeks of age or older, which includes grazing young
stock and adult cows. Although vaccine-induced protection is generally good [17], the vaccine has disadvantages associ-
ated with live vaccines, such as ethical issues (production of larvae in donor animals), batch heterogeneity, and short shelf
life.

In an attempt to overcome these issues, several attempts were made to develop recombinant subunit vaccines, with
limited success. Vaccination with recombinant acetylcholinesterase [18], para myosin [19], or asparaginyl peptidase legu-
main-1 [20] with different adjuvants did not result in a significant or reproducible reduction in worm numbers or larval
shedding.

2.4.2 VVaccine against Haemoncus contortus

An Haemoncus contortus vaccine based on a worm gut membrane antigen mixture was recently commercialized for sheep
(Barbervax, Wirevax) and has quickly become an invaluable tool to control haemonchosis in areas where anthelmintic
resistance is widespread [13]. The vaccine is only registered in Australia and South Africa, but it can be used in the United
Kingdom under a special treatment certificate and a veterinary prescription. Vaccination with the vaccine also conferred
protection against Haemonchus placei in grazing calves [21], but the vaccine has not been registered for use in cattle. The
vaccination of young goats did not sufficiently protect against Haemonchus contortus infections on pasture [22].

The way this vaccine (Barbervax) works is that the worm ingests the blood of the sheep while it feeds. The antibodies
in the blood of the vaccinated sheep work against antigens expressed on the intestinal enterocytes of the worm, interfering
with the worm's growth and digestion and resulting in a 70% reduction in the number of worms and a significantly reduced
egg output [23].

The natural antigens from adult Haemonchus contortus produced from sick sheep must be isolated and purified locally
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for the manufacturing of this vaccine. In comparison to a native antigen vaccine, a vaccination based on recombinantly
produced antigens would have advantages in terms of product batch repeatability, biosafety, and global distribution. Many
attempts have been undertaken to identify and express a variety of H. contortus antigens, however, the majority of recom-
binant proteins have failed to elicit protective immunity [13]. In Escherichia coli, a gene encoding an Hc23 somatic antigen
was recently discovered and expressed. When compared to challenge controls, lambs vaccinated with the recombinant
Hc23 antigen were significantly protected against artificial challenge infection, with more than 80% reductions in fecal
egg counts (FECs) and average abomasal parasite burdens [24].

2.4.3 Vaccine against Echinococcus granulosus

Recombinant protein vaccines are a more appealing choice for vaccinations that are commercially viable. There is now
only one commercially licensed recombinant helminth vaccine against cestode. This vaccine (Providean Hidatil EG95®,
Tecnovax) is based on a single antigen called EG95. It has been approved for the control of the cestode Echinococcus
granulosus in cattle, sheep, goats, and various camelid species in parts of South America [4].

Table 1. Commercialized vaccines against helminth parasites in ruminants

Brand . Animal . Adm_ini A Level of
Parasite . Antigen stration Vaccination Schedule -
Name Species Protection
Route
Bovilis Dictyocaulus | Live irradiated | Basllc_ schemle: 2 vacc_lnayorTs \.N'tr 95%-98%
Huskvac viviparus Cattle third-stage larvae Ora 4-wkiinterval Revaccination: single (worm burden)
dose before turnout
. . s . 93%-95%
Bar- Haemonchus Gut membrane Basic scheme: 3 Vaccinations wn.th (egg counts)
bervax, Sheep . Subcutaneous interval of 3-4 wk. Revaccination: 6-
. Contortus Proteins . 72%-94%
Wirevax wk intervals
(worm burden)
Pﬁivdlggzlm Echinococcus Cattle, sheep, EGY5 Subcutaneous or 2 vaccinations with 95%-100%
EGO5 granulosus goats, camelids Intramuscular 1-mo interval (cysts)
Source: [7]

2.5 Helminth vaccines on the progress of development

It is encouraging that there are currently experimental vaccines being developed against a range of other livestock helminth
species, including the liver fluke Fasciola hepatica in ruminants, Ostertagia ostertagi and Cooperia oncophora in cattle,
and Teladorsagia circumcincta in sheep. Several significant technological obstacles need to be overcome before the ma-
jority of these experimental immunizations can be turned into goods for sale. Recombinant or peptide vaccines should be
"translated" from native (glycosidic) proteins that exhibit protective properties [4].

2.5.1 Vaccine against Teladorsagia circumcincta

Several antigens have been studied as vaccination candidates against the sheep abomasal parasite Teladorsagia cir-
cumcincta over the years, similar to Haemonchus contortus. The most promising findings have lately been produced using
an investigational vaccination based on an eight-recombinant protein combination. The native versions of these antigens
were first identified as immunodominant excretory and secretory proteins, as homologues of vaccination candidates in
related nematode species, or as immunomodulatory proteins [4].

All proteins were expressed in E. coli or the yeast Pichia pastoris. Vaccination with this antigen mixture with Quil A
adjuvant protected 6-month-old to 7-month-old lambs and periparturient ewes against challenge infection, resulting in
significantly reduced FECs (73%-92% reduction in lambs, 45% in ewes) and worm burdens (56%-75% reduction in lambs)
[25]. Work is ongoing to refine the protein cocktail by testing fewer recombinant protein combinations in vaccine trials.
Further, its protective capacity will be tested in newly weaned lambs and field trials [26].

2.5.2 Vaccine against Ostertagia ostertagi

Several antigens and antigen combinations have been tested against Ostertagia ostertagi over the last 40 years [27]. acti-
vation-associated secreted proteins (ASPs) are now the most promising experimental vaccination against O. ostertagi [28].
After simulated trickling challenge infections, vaccination with a fraction of the adult excretory-secretory secretions con-
taining ASP or with the purified protein consistently resulted in a considerably reduced worm egg yield (55-62 percent
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reduction) [29].

Attempts to use a recombinant ASP protein to achieve comparable levels of protection have not yet been successful.
According to [30], recombinant proteins made on a range of expression platforms, such as Pichia pastoris, E. coli, and
insect cells, were either insoluble or did not shield vaccinated calves against challenge infection. To identify epitopes
critical for inducing a protective immune response, the research focuses on generating variations in glycosylation and
protein folding between the native and recombinant ASP proteins [31].

2.5.3 Vaccine against Cooperia oncophora
A double-domain ASP (ddASP) protein extracted from the excretory-secretory material of adult Cooperia oncophora
worms was recently successfully tested as a vaccine candidate, based on the encouraging findings reported with an ASP-
based vaccination against Ostertagia ostertagi [31]. In an experimental challenge experiment, immunotherapy with this
antigen led to a considerable reduction (91%) in cumulative FEC. Cooperia oncophora cumulative FECs in vaccinated
calves were reduced by 59 percent in a later field trial, resulting in 65 percent fewer infective Cooperia oncophora larvae
on plots grazed by vaccinated calves and an 82 percent drop in worm counts in vaccinated calves at housing [32].
Vaccination with the Cooperia oncophora ddASP also protected calves against challenge infection with a mixed Coop-
eria oncophora and Cooperia punctata isolate from Uruguay, indicating that the protective epitopes are conserved between
Cooperia species/isolates from throughout the world. Cooperia oncophora ddASP vaccine, on the other hand, did not
protect sheep against Cooperia curticei (unpublished results). The research is currently focusing on the recombinant ex-
pression of the ASP in an immunologically active form, similar to Ostertagia ostertagi [7].

2.5.4 Vaccine against Fasciola Species

Individual antigens and combinations of antigens have been tried against the liver flukes Fasciola hepatica and Fasciola
gigantica in cattle and sheep [33]. As both a native, pure antigen and a recombinant protein, some antigens, such as ca-
thepsin L1 and leucine aminopeptidase (LAP), generated significant protection levels in sheep and/or cattle. Protection
levels were, however, highly variable, necessitating the testing of each vaccination in many vaccine trials to demonstrate
consistent protection [33].

Immunization with a chimeric protein made of leucine aminopeptidase and cathepsin L1 or vaccination with a chimeric
protein composed of leucine aminopeptidase and cathepsin L1 has not significantly enhanced vaccine effectiveness [34].
Despite several individual studies showing encouraging results in animal models for various DNA vaccine candidates
against fascioliasis, a comprehensive review and meta-analysis found no significant pooled efficacy for all vaccine candi-
dates against fasciola infection [35].

2.6 Vaccines Against Multiple Pathogens

In most areas, grazing ruminants are infected with a variety of pathogenic worm species, including Haemonchus contortus,
Teladorsagia circumcincta, Trichostrongylus species in sheep, Ostertagia ostertagi, and Cooperia species in cattle, as well
as others at lower levels. Compared to single-species immunizations, multivalent vaccines that protect against several
gastrointestinal nematodes, lungworms, and liver flukes could have a clear advantage [4]. Monovalent vaccinations, on
the other hand, may be effective in conditions where a single parasite species prevails (for example, H. contortus in warmer
climates) when other parasites are controlled through other means, or in areas where the risk of other parasites is low [4].
No cross-protection was observed against O. ostertagi when cattle were vaccinated against Cooperia oncophora with a
ddASP vaccine [32]. In grazing ruminants, parasitic gastroenteritis and lungworm disease are well-defined disease entities;
therefore, combining a gastrointestinal nematode or lungworm vaccine with bacterial or viral antigens may offer little
benefit [1].

3. Conclusion and Recommendations

Vaccines play a very significant role in the prevention and control of diseases. Animal productivity is greatly impacted by
helminths, which also affect milk production, growth rate, fertility, meat quality, and wool output. Anthelmintics are com-
monly used to treat helminth parasites; however, chronic use of these drugs might result in drug resistance. As a result, the
only effective treatment option for helminth parasite management is vaccination. The process of creating vaccinations
against helminth parasites is tough and demanding. The development of effective helminth vaccines has several major
challenges, including vaccination safety and effectiveness, identification of protective antigens, comprehension of the pro-
tective mechanism, procurement of adequate parasite material, and judgments made by policymakers. Thus, in light of the
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aforementioned result, the following recommendations are forwarded:

> Although developing helminth vaccines is difficult, researchers should never give up on their efforts to develop
effective helminth vaccines.

> Farmers should be encouraged by veterinarians to enhance the availability and usage of helminth vaccinations.

> Standard operating procedures for the development and quality control of effective vaccinations should be estab-
lished regularly.
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