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World-leading Research and Surveillance 
at The Pirbright Institute
This article summarises the research taking place at the 
Institute which is based upon a combination of fundamental 
and applied bioscience and which utilises unique biological 
and physical resources. It details some of the virus diseases we 
are currently working on including diagnosis, host-pathogen 
interaction and vaccine development, and highlights the 
impact of our science across the globe on animal and human 
health.

The Pirbright Institute is a world-leading centre of excellence 
in research and surveillance of viral diseases of farm animals 
and viruses that spread from animals to humans. Based in the 
UK and receiving strategic funding from the Biotechnology 
and Biological Sciences Research Council (BBSRC), the 
Institute works to enhance capability to contain, control and 
eliminate economically and medically important diseases. 
This is achieved through fundamental, strategic and applied 
research in a number of overlapping disciplines, including 
entomology, epidemiology, genetics, genomics, immunology, 
mathematical biology, molecular and structural biology, 
proteomics and virology, utilising unique biological and 
physical resources. Our research directly contributes to global 
food security and improves quality of life for animals and 
people.

In addition to our fundamental and strategic research, 
the Institute has a surveillance role, providing expertise and 
capacity for laboratory investigations to monitor livestock 
for high consequence viral diseases around the world. This is 
achieved through the Institute’s Reference Laboratories which 
represent nine viral diseases of livestock and one poultry virus. 
The surveillance work carried out by the scientists working in 
these laboratories plays an important role in underpinning 
global disease control efforts. 

Reference Laboratories have skilled and expert personnel, 
validated diagnostic tests, essential reagents and archive 
materials (viruses, antisera), and in our case, facilities for 
experiments in animals, to respond to outbreaks in a timely 
manner. Our Non-Vesicular Disease Reference Laboratory 
Group brings together all the Reference Laboratories working 
on non-vesicular diseases, including bluetongue (BT), African 
horse sickness (AHS), African swine fever (ASF), morbilliviruses 
(peste des petits ruminants (PPR) and rinderpest (RPV)) and 
capripox viruses (lumpy skin disease and sheep and goat 
pox). The Vesicular Reference Laboratory covers vesicular 
diseases including foot-and-mouth disease (FMD), swine 
vesicular disease (SVD), vesicular stomatitis (VS) and vesicular 
exanthema of swine (VE). The Institute also hosts the Marek’s 
Disease Reference Laboratory, a viral disease which causes 
tumours in chickens and turkeys.

Between them these Reference Laboratories provide 
an essential diagnostic and advice service to the 
UK Government (Defra), United Nations Food and 

Agriculture Organisation (FAO), European Union (EU) 
and the World Organisation for Animal Health (OIE).

For some of the viruses we work on, our research and the 
impact on global animal and human health are summarised 
below. Peste des petits ruminants and foot-and-mouth are 
two very important diseases which currently have a major 
global impact on animal health. Whilst these viral diseases 
are spread through contact and airborne transmission, the 
Institute also works on many viruses which are transmitted 
by arthropod vectors. These viruses are able to grow inside 
vectors such as midges, mosquitoes and ticks, and are 
then transmitted to animals and humans whilst taking a 
blood meal. This significantly increases the ability of these 
viruses to travel great distances in a very short period of 
time and, consequently, complicates our capacity to defend 
against them. Our ability to do this requires expertise in 
diagnosis, entomology, epidemiology, genetics, immunology, 
mathematical modelling, molecular biology and virology 
along with essential meteorological input from our 
collaboration with the UK Met Office, a collaboration which 
helped us correctly predict that bluetongue would enter the 
UK in 2007.

Peste des Petits Ruminants 
Peste des petits ruminants (PPR) is an economically important 
viral disease of goats and sheep that has spread through large 
parts of the developing world. It is widespread throughout 
Africa, Asia and the Middle East and has been endemic 
in Turkey since 2000, and is now common in North African 
countries bordering the Mediterranean. 

PPR is primarily spread by animal movement and attacks 
the immune system causing long-term immunosuppression. 
Clinical signs of disease include pyrexia, ocular and nasal 
discharges, necrotic stomatitis, diarrhoea and apathy. 
Mortality rates vary but can reach over 70% and appear to be 
worse in goats compared to sheep. Live attenuated vaccines 
are available which provide protection against subsequent 
infection, but improved vaccines and diagnostics are being 
developed at The Pirbright Institute to assist in control and 
eradication (Herbert et al., 2014; Baron et al., 2014). PPR may 
well become only the second animal disease to be eradicated, 
being the focus of a global control programme currently 
being developed by the OIE and FAO.

PPR is related to a similar disease which was seen in large 
ruminants, Rinderpest, the first animal disease to be globally 
eradicated in May 2012. The Pirbright Institute was the world 
reference laboratory for Rinderpest and played an important 
role in the control and eventual elimination of this very 
important disease of cattle and buffalo. This was achieved 
through the development of diagnostic tests and a major 
global training programme to train scientists around the 
world how to use the test. 
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Foot-and-mouth Disease
Foot-and-mouth disease (FMD) constitutes a major threat 
to the global livestock industry and is considered one of the 
most important diseases of livestock animals (Sumption et 
al., 2012). The disease affects all cloven-hoofed animals and 
is caused by a highly contagious virus that has seven different 
serotypes: A, O, C, SAT1, SAT2, SAT3 and Asia 1.

The morbidity rate in susceptible animals can rapidly 
approach 100% with some strains limited in their infectivity 
to a particular species. FMD has animal welfare and economic 
implications, causing distress to affected animals, reduced 
milk yields up to 25%, reduced growth rates, loss of draught 
power with working livestock, reduced fertility, and death of 
young animals. Disruption to farming practices is another 
major impact of the disease with loss of income and loss 
of breeding animals, and it can also have an impact on the 
availability of animal products with countries having to 
import products. The loss of exports due to trade embargoes 
can have huge economic consequences and there are 
additional costs incurred with eradication and control policies 
(Doel, 2003). 

Clinical signs of foot-and-mouth include pyrexia, vesicle 
formation in the mouth, feet and teats with lethargy and 
inappetence, as well as excessive salivation and lameness. 
The virus is present in many secretions and excretions and 
can be transmitted through a number of routes, including 

respiratory aerosols, direct animal-to-animal contact and 
indirectly via fomites. The virus can survive for long periods 
of time in the environment, e.g. in slurry for about six months, 
and has a small infectious dose. 

There are several research groups at Pirbright that work 
on FMD. Our research includes developing and evaluating 
molecular diagnostic methods, using gene sequencing data 
to trace the movement of the virus; understanding at a 
molecular level those parts of the virus that induce immune 
responses, including protective immunity; understanding 
the mechanisms of cell entry, penetration of the endosomal 
membrane by the virus; and induction of virus-induced 
vesicle formation. We are also working on vaccines and 
were part of a collaboration that developed a new synthetic 
vaccine which mimics the outer shell of the virus to initiate 
an immune response. As live infectious virus is not used to 
make the vaccine, it can be produced safely and has also been 
engineered to be more stable in warmer climates were FMD 
is endemic. Work is continuing to develop a vaccine that will 
provide cross-protection against multiple serotypes. 

African Swine Fever 
African Swine Fever (ASF) is an economically important 
haemorrhagic fever of domestic pigs which is caused by a 
large DNA virus (ASFV). ASFV is a cytoplasmic, icosahedral 
virus containing a double-stranded DNA genome of 170 
to 193 kbp and is the only member of the virus family, the 
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Asfarviridae (Dixon et al., 2000). Isolates of this virus vary in 
virulence, with the most virulent causing 100% mortality.
In the wild the natural reservoir hosts of the virus are 
the warthog (Phacochoerus aethiopicus) and bush pig 
(Potamchoerus porcus), which show no clinical signs of 
disease, even when infected with the same highly virulent 
isolates of ASF that cause rapid, haemorrhagic death in 
domestic pigs (Oura, Powell et al., 1998). The virus persists 
in Africa in a natural cycle between the warthog, bush pig 
and soft tick of the Ornithodoros species (O. moubata and O. 
erraticus in southern Europe) (Oura, Powell et al., 1998). 

The ability of the virus to persist in its hosts shows that 
it has mechanisms to evade host defence systems and this 
has been the focus of some of our research. The main target 
cells for virus replication in vivo are macrophages which have 
an important role to play in activating and orchestrating the 
innate and acquired immune responses of the host.

Other areas of our research include vaccine development 
and transmission studies. Currently there are no vaccines 
available for ASF but an improved understanding of which of 
the virus genes are involved in virulence and immune evasion 
has made the development of a rationally attenuated vaccine 
a realistic possibility.

African Horse Sickness 
African Horse Sickness (AHS) is a viral disease affecting 
equines, and in susceptible horse populations can cause 
mortality rates >90%, making it the most lethal of equidea 
infectious diseases (Mellor & Hamblin, 2004). AHSV is 
transmitted by certain Culicoides species (biting midges) and 
is endemic in many areas of sub-Saharan Africa, but disease 
outbreaks have occurred in India, Spain and Portugal. 

AHS is characterised by clinical signs which develop 
as a result of damage to the circulatory and respiratory 
systems, giving rise to four different forms of the disease. 
Clinical signs include pyrexia, oedema of the supraorbital 
fossae, subcutaneous oedema of the head, neck and chest, 
congested conjunctivae, petechial haemorrhages in the eyes, 
colic, dysponea and death (Mellor & Hamblin, 2004). 

Vaccines are available but current vaccines are live 
attenuated vaccines and are therefore considered unsuitable 
for use in non-endemic areas. There are also nine different 
serotypes and a vaccine against one serotype does not 
provide protection against others. Scientists at our Institute 
have generated a promising vaccine candidate for AHS 
based on a recombinant modified vaccinia ankara virus that 
expresses the main target of virus-neutralising antibodies, 
the outer capsid protein (VP2). This approach is being used to 
develop a vaccine that will protect across multiple serotypes 
and could be used to allow naturally-exposed animals to be 
differentiated from vaccinated animals, thereby freeing up 
trade restrictions that affect countries where the disease is 
endemic.

Bluetongue
Bluetongue (BT) is an arthropod-borne virus, transmitted by 
the bites of certain Culicoides species (biting midges). The 
bluetongue virus (BTV) infects ruminants and camelids (Shaw 
et al., 2007), and is widely distributed around the world, 
particularly in warmer countries. There are at least 26 
different serotypes of BTV and over recent years there have 
been a number of incursions of different serotypes into 
Europe, and the risk of further incursions remains. The 
significance of this is that infection/vaccination of an animal 
with one serotype does not confer immunity to any of the 
other serotypes and so some of our work is using molecular 
biological approaches to study the proteins and genes of 
bluetongue virus (BTV). 

Knowing the serotype of BTV associated with a given outbreak 
is important in relation to the possibility that an appropriate 
BT vaccine might be available, and gives us clues as to the 
mechanism and route by which the virus had spread. The UK 
was in a great position to respond to the 2007 BTV-8 outbreak 
in Europe due to the work The Pirbright Institute carries out 
on the virus, and we were the only Northern European country 
that had circulation of the virus in 2007 but then none in 
2008. Worldwide, BTV has been estimated to cause losses of 
$3 billion / year (Mellor & Wittmann, 2002) and since 1998, 
BTV outbreaks in Europe have resulted in the death of >1.8 
million animals (Shaw et al., 2007).

Clinical signs are normally seen in sheep and some species 
of deer, but occasionally they are observed in cattle and 
goats, which occurred with the recent incursion of BTV 8 
(Shaw et al., 2007; Darpel et al., 2007; Oura, 2011). Typical 
signs include pyrexia, hyperaemia and ulceration of the oral 
mucosa, subcutaneous oedema on the face and lips, and 
inflammation of the coronary bands which may result in 
lameness, muscle weakness and even death. Our scientists are 
currently looking at the pathogenicity and transmissibility of 
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re-assortment strains and looking at the immune responses 
of ruminants to the virus and to the vector saliva.

Zoonotic Viral Diseases
The Pirbright Institute also conducts research on viruses 
that can spread from animals to humans, or zoonoses, 
including several viruses that cause arboviral encephalitis 
and arthralgia in mammals. Our research includes mosquito- 
and tick-transmitted viruses; in particular, the mosquito-
transmitted alphaviruses Semliki Forest virus, chikungunya 
virus, and bunyaviruses including Rift Valley fever virus 
(RVFV). Our tick-borne virus research includes flaviviruses 
such as tick-borne encephalitis virus and its attenuated strain 
Langat virus. Some of our work focuses on the innate immune 
defence systems activated and antagonised by alphavirus 
and flavivirus infections in mosquito and tick cells and in 
mammalian cells, and looks at what proteins some of these 
viruses interact with and why macrophages are required for 
the clinical arthralgia and persistence of chikungunya virus. 
The importance of this research has been highlighted by the 
recent outbreaks of chikungunya, which have caused millions 
of cases of arthralgia in the islands of the Indian Ocean, the 
Indian subcontinent and SE Asia.

RVFV has caused severe periodic outbreaks of acute febrile 
(and often fatal) disease in both livestock and humans in sub-
Saharan Africa and the Arabian peninsula, and is transmitted 
to susceptible hosts by a large number of mosquito species 
such as Aedes, Culex, Coquillettidia, Eretmapodite, Mansonia 
and Ochlerotatus (Chevallier et al., 2010). Virus epizootics 
are characterised by high mortality rates in young animals, 
especially sheep and goats, and large numbers of abortions 
in pregnant animals (Bird & Nichol, 2012). Human disease 
is usually a febrile self-limiting illness. However, a small 
proportion of infected individuals can develop severe 
complications such as encephalitis and haemorrhagic fever. 
Mortality rate in humans is usually below 1% and occurs 
mainly through contact with infected animals, but bites of 
infected mosquitoes can also transmit the virus (Chevalier 
et al., 2010). Currently there is no effective treatment for 
humans or animals and the current live attenuated animal 
vaccine, although effective, can be problematic. Scientists at 
Pirbright are working on modifying the virus that causes Rift 
Valley fever to see if it can prevent mosquito transmission. 
Other research projects will look at vector competence and 
vaccine development. 
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