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Tackling the Worms that Turned: PARAGONE, 
an EU Project on Parasite Vaccines 

The Need for Multicellular Parasite Vaccines
Multicellular parasites are common disease agents of 
livestock. Important groups of parasites that affect the 
health and welfare of ruminant livestock include the 
helminths (i.e. nematodes, flukes and tapeworms) and the 
ectoparasitic mites. Parasitic helminths are the cause of 
some of the most important production-limiting diseases 
of grazing ruminants. Generally, all herds or flocks in 
grass production systems are exposed to helminths and 
intensification of farming increases the risk of exposure to, 
and infection with, helminths. These parasites can cause 
severe clinical disease, but they have most impact through 
their sub-clinical effect on production, reducing growth 
rate, fertility, meat quality and/or wool/milk production. 
In particular, when farm profit margins are low, due to 
increases in production costs and fluctuating output 
prices, even relatively small helminth-associated effects 
on biological efficiency can have a major impact. There is 
a lack of data on the precise cost of helminth-associated 
disease in different systems; the information that is 
published tends to describe impacts only in regionally 
restricted terms. For example, one 2005 analysis described 
the annual cost of nematode infections to the UK sheep 
industry as ~€99M.1 In the same year, the annual cost of 
bovine liver fluke in Switzerland was estimated as ~€52M.2 In 
addition to these types of analysis, epidemiological-based 
studies in cattle have consistently demonstrated negative 
correlations between diagnostic test results indicating 
helminth infection and measures of productivity.3-5 Added 
to their effects on welfare and production, some helminth 
species, for example Fasciola hepatica, have indirect impacts 
by affecting the diagnosis of other important disease such 
as bovine tuberculosis.6 Of further concern is the fact that 
in recent years, climate changes in parts of the EU have 
been linked to an increase in the frequency of helminth-
associated disease in ruminants.7 This is because of a 
preponderance in the type of environmental conditions 
more conducive to the survival and development of helminth 
developmental stages that live outside the host on pasture. 
All of the aforementioned issues are exacerbated by the fact 
that resistance to commonly used antiparasitics is being 
increasingly reported in helminth species that infect cattle 
and, in particular, sheep.8-10 Indeed, anthelmintic resistance 
is a major threat to the livestock industry. Added to this 
are consumer concerns regarding antiparasitic residues in 
food and their possible detrimental environmental impact. 

Ectoparasitic (scab) mites also represent a welfare 
and production concern for ruminant and poultry farmers 
worldwide. These parasites cause intense itching in infected 
animals and birds. Psoroptes ovis is a relatively common 
scab mite that infects sheep and cattle. Over a decade 
ago, the economic cost of infestation with this mite in sheep 
was estimated at > €10M per annum in the UK alone.1 In 
cattle, beef breeds tend to be more susceptible to P. ovis 
infection, in particular, the Belgian Blue breed. In some parts 
of the EU, mange caused by this mite is the most common 
skin disease of cattle. Chemical treatment options that 
are licensed for control of P. ovis are limited. Furthermore, 
resistance to antiparasitic compounds in P. ovis has been 
suspected. The poultry red mite, Dermanyssus gallinae, is the 
most economically-important parasite in commercial egg 

production facilities worldwide. 11 It has been estimated that 
infections with this mite cause annual losses in the region 
of €130M in Europe alone.11 The numbers of mites that can 
infest a single bird can be very high (up to several hundred 
thousand); thus, the welfare implications of infection are 
immense, as the parasites cause intense itching, weight 
loss and anaemia. A decrease in egg quality is also a 
symptom of infestation. These poultry mites have also 
been implicated as vectors of viral and bacterial diseases. 
Current control strategies for poultry red mite involve the 
spraying of hen houses with pesticides; these practices 
provide short-lived protection against infection and, similar 
to helminth infections, parasite resistance to the chemicals 
used for control is reported.12

For all of the reasons above, sustainable, non-chemical 
solutions need to be identified to address the diminishing 
supply of effective antiparasitics to control multicellular 
parasite infections in different classes of livestock. Vaccines 
are the obvious candidates for this; these prevent rather 
than cure infection, have more durable protection, have no 
associated meat, milk or egg residue issues and represent 
more environmentally-friendly forms of control than the 
current antiparasitics. 

Sub-unit Vaccines for Multicellular Parasites
The development of commercially-viable effective sub-
unit vaccines for multicellular parasites has proved a real 
challenge to the global animal health research community.13 
There are several issues linked to the complexity of the 
associated host/parasite interactions that have provided 
barriers to successful vaccine discovery programmes. 
For example, numerous studies have demonstrated that 
helminths have the capacity to modulate host immune 
responses to those that favour infection by producing 
‘immunosuppressive’ molecules in their host niche; 
this provides a major obstacle to stimulating effective 
immune responses in the face of infection. It has also been 
indicated that very young ruminants (the main target for 
the effective deployment of vaccines) do not respond 
well at the immunological level to worm challenge in 
the gastrointestinal tract. Added to these fundamental 
obstacles are technical issues associated with trying to 
define what are the host-protective components that 
exist within these highly complex multicellular worms and 
mites. In many cases, where extracts from the parasites 
themselves (so-called ‘native’ vaccines) have provided 
protection by vaccination, synthetic versions of molecules 
identified within these extracts have not afforded anything 
near the same levels of protection. This has been a recurring 
theme in multicellular parasite vaccine research for many 
years. Native vaccines require that animals be used for 
production and a cold chain is needed for distribution, both 
of which are features that restrict deployment across wide 
geographic regions, making such vaccines commercially 
unattractive. For these reasons, recombinant protein 
(sub-unit) vaccines offer the most attractive option for 
commercially feasible means to control multicellular 
parasites. 

Recent scientific advances have been made to address 
the hurdles defined above. These advances include the 
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design of sub-unit multi-component (‘cocktail’) vaccines 
that contain several parasite components that span 
different developmental stages of the pathogens. Such 
vaccines have been tested in trials and have been shown 
to afford significant levels of protection against parasite 
challenge; for example, an eight-protein ‘cocktail’ vaccine 
developed to combat the sheep brown stomach worm, 
Teladorsagia circumcincta, has been shown on several 
occasions to induce significant levels of protection against 
challenge when worm burdens and egg-shedding in 
vaccinates were compared to those in challenge control 
sheep.14,15 

Prototype vaccines such as this one have been devised 
by exploiting an in-depth knowledge of the associated 
host/parasite relationship with the aim of developing a 
‘smart’ vaccine designed to bypass worm intra-host survival 
strategies. For parasites for which vaccine development 
pipelines have not yet been established, or are in their 
infancy (for example, vaccines against ectoparasitic mite 
infections), research urgently needs to be undertaken to 
understand host/parasite interactions to pinpoint which 
components of the host immune response are protective. 
Once these are defined, they can be used as tools to identify 
potential vaccine candidates in the mites. Vaccine delivery 
systems also need to be tested to ensure that effective 
host responses are being stimulated in the appropriate 
host environment to counter parasites at challenge. Crucial 
to all of these aspirations is an interdisciplinary research 
approach that allows wide-ranging streams of activity to 
come together to address the complex questions being 
addressed. 

The PARAGONE Vaccine Development Project
The EU Horizon 2020-funded multicellular parasite vaccine  
consortium, PARAGONE (http://www.paragoneh2020.eu),  
is addressing the challenges defined above. This group of 
academics and commercial organisations are taking a 
collegiate approach to moving forward vaccines designed 
to control several major multicellular parasites of cattle, 
sheep and poultry. The consortium (funded to a value of 
~€9 million) comprises 17 partners, including academic 
members from six European countries and Uruguay 
and four commercial partners from across the EU. Of 
the commercial partners, two are leading animal health 
companies, one is a biotech company focused on novel 
bioinformatic development pipelines and one is a company 
that develops and manufactures immunological tools. 

Electron micrograph of the brown stomach worm, Teladorsagia 
circumcinta

In PARAGONE, the research partners are undertaking 
further pen or field trials using prototypes previously 
identified as showing promise in inducing protection 
against helminth infections in order to examine variability 
in host responsiveness. For parasites for which effective 
sub-unit vaccines have proved difficult to develop or have 
not yet been developed, fundamental science studies are 
being undertaken to understand key host responses that 
need to be stimulated to induce immunity against infection. 
Here, state-of-the-art technologies are being harnessed 
to understand host/parasite interactions to define key 
signatures of immunity, which will be used to inform the 
identification of vaccine constituents or vaccine delivery. 
In these studies, a systems approach is being undertaken 
to explore host/parasite interactions in detail. This involves 
next generation sequencing of transcripts in biological 
samples obtained from a number of model systems, 
combined with cutting-edge bioinformatics analyses. 
The consortium is taking a trans-disciplinary approach 
whereby the bioinfomatic outputs are being combined 
with data from detailed immunological and parasitological 
experiments for the parasite systems under study. Other 
research strands are aimed at determining the level of 
polymorphism in the genes that encode the vaccine 
components’ previously identified prototypes. This work is 
being performed to examine if the current prototypes will 
be effective across geographic scales or if they need to be 
modified to take into account sequence diversity between 
populations. These streams of research are being combined 
with the study of novel adjuvant and delivery systems with 
the aim of further improving protection levels in vaccinates. 
Together, the consortium is working on vaccine prototypes 
to control the following multicellular parasites: Ostertagia 
ostertagi and Cooperia spp. in cattle, Cooperia spp. in sheep, 
Teladorsagia circumcincta in sheep, Fasciola hepatica in cattle 
and sheep, Psoroptes ovis in cattle and Dermanyssus gallinae 
in poultry. PARAGONE’s approach goes beyond the scope 
of previous vaccine projects, many of which followed 
‘single protein/single parasite’ design strategies that did 
not work. For each of the vaccines, the academic partners 
are working closely with the commercial partners to exploit 
the best prototypes coming out of the research studies. 
In this way, the programme forms a virtual ‘conveyor belt’ 
of vaccine development by using knowledge on host/
parasite interactions, from gene characterisation to inter-
animal investigations to the use of novel adjuvant/delivery 
systems to housed or field trials in the appropriate host. 
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PARAGONE project partners at first Consortium Meeting in Edinburgh, 2015
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An important part of the project is the strong element of 
dialogue between the academic partners and the animal 
health company partners, in addition to several outreach 
activities to other end-users such as farmers, veterinarians 
and regulators. These activities are being used to obtain 
feedback on how the prototype vaccines could be best 
implemented in the field in future and provide a clear 
pathway towards the future commercialisation and uptake 
of the prototypes under study. Another important aspect of 
the project is the transfer of knowledge across disciplines 
and partners; the activities include several training 
workshops for students and post-doctoral scientists on the 
project and some of these are open to external applicants 
who can benefit from the knowledge being generated 
within the programme (please check out the website for 
further information on PARAGONE training opportunities). 

In summary, vaccines are probably the only valid option 
for long-term control of multicellular parasitic infections 
given the potential ubiquity of antiparasitic resistance. 
For these reasons, the development of any sub-unit 
multicellular parasite vaccine to the point of practical 
application would be a ground-breaking step. 
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