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UNIVERSITY OF LIVERPOOL'S FACULTY OF VETERINARY SCIENCE

COWS ARE HELPING CURE RIVER BLINDNESS IN HUMANS

Thirty years ago, the new electron microscope allowed By chance, one cow was given an antibiotic to treat a bac-
minute structures inside cells to be visualised for the first terial skin infection, and the researchers observed that it
time. Researchers examining a particular group of worms cured the cow’s onchocerciasis. Concurrently, scientists

— the filarial nematodes — described how the cells of the elsewhere reported bacterial proteins and DNA in

worms were heavily populated by bacteria that seemed to homogenates of filarial worm tissues. Suddenly the find-
be ‘normal’ inhabitants. Their function wasn'’t clear, but it  ings of the 1970s were ‘re-discovered’ and several teams
was noted that, should they be essential to the worm, they began systematic, controlled trials investigating the activity
might be a target for drug treatment. This was potentially of antibiotics against filarial worms.

important because there was no safe and effective drug
to eliminate the filarial nematodes that cause severe
diseases like river blindness (onchocerciasis), elephantia-
sis in humans and heartworm infection in dogs.

Yet, inexplicably, this discovery was forgotten until the
1990s. At that time, veterinary researchers at the
University of Liverpool, working with colleagues in
Germany and Cameroon and funded by the World Health
Organisation, were testing different potential drugs for
the control of river blindness. They were evaluating
drugs in African cattle that were naturally infected with a
closely related parasite.

Although the worm in cattle is very similar to the parasite ‘i

that causes river blindness in people, cattle don’t go

blind — indeed they are clinically unaffected — but they  cross-section of an onchocerciasis-causing worm. In the centre is

provide a means of assessing the effect of drugs on the uterus full of larvae. The brown colour in the tissues around

worms. the margins of the worm (Y) and within the larvae of the uterus
(—=—) js specifically staining millions of bacteria.

The Liverpool / German / Cameroon team were the first to
describe in a controlled experiment that antibiotic treat-
ment could kill a filarial nematode, the implication being
that the bacteria are essential for worm survival. Further
work has shown that the suppression of the bacteria over
many weeks is necessary to achieve worm death.

Meanwhile, medical researchers have been carrying out
trials in Africa on humans affected by either onchocercia-
sis or lymphatic filariasis and the promising results provide
the greatest advance in the treatment and control of these
infections for many years. Moreover, the Liverpool team
has gone on to use the same cattle model to demonstrate
for the first time that it is possible to vaccinate against
onchocerciasis.

Whilst the vaccine is not practical for large-scale human
use, the results are crucial proof of principle that immuni-
sation is possible against this infection and provide a
valuable impetus in the development of a human vaccine
for onchocerciasis.

Taken together, the drug and vaccine research in cows
shows what a key contribution veterinary research can
make in the fight against human disease.

Langworthy and others (2000) Proceedings of the Royal Society, 267, 1063-1069
Gilbert and others (2005) Journal of Infectious Diseases, 192, 1483-1493
Tchakouté and others (2006) Proceedings of the National Academy of Sciences, 103,
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UNIVERSITY OF CAMBRIDGE’S DEPARTMENT OF VETERINARY MEDICINE

AVOIDANCE TACTICS OF SALMONELLA ENTERICA

The Bacterial Infection Group (BIG) at the University of
Cambridge’s Department of Veterinary Medicine studies
several bacterial pathogens involved in human and animal
disease. One such pathogen is Salmonella enterica, a bac-
terium that can infect humans and domestic animals
causing severe, potentially lethal, infections such as
typhoid fever and acute gastro-enteritis (food poisoning).

Tackling these diseases is becoming increasingly difficult
because the bacteria are developing resistance to antibi-
otics and the vaccines currently available are not always
effective. The BIG’s current research investigates several
aspects of the interaction of these bacteria with the
immune system to gain a clearer understanding of how the
bacteria infect the host and how the immune system fights
them.

Using advanced microscopy techniques to see bacteria
present within individual host cells, researchers in the BIG
have found that, during its growth in the tissues, S. enteri-
ca rapidly kills host cells at the site of infection and
spreads to previously uninfected ones. This suggests that
the bacteria are continuously escaping from established
areas of infection to keep one step ahead of the escalating
immune response.

Tackling these diseases is becoming
increasingly difficult because the
bacteria are developing resistance to
antibiotics and the vaccines currently
available are not always effective. 99

The BIG is currently using mathematical models to
improve vaccine design so that it stops this spread of
the infection more effectively. Complementary work is
studying the key mechanisms used by cells of the
immune system to restrain the growth of bacteria with-
in host cells. This has led to identification of the toxic
substances produced by immune cells that enable
them to achieve this.

However, the picture is complex. Several strategies
cunningly devised by bacteria to prevent them being
killed by these substances have also been identified.
To counteract this, B cells and T cells (both subsets of
immune cells called lymphocytes) continuously need
to exchange signals for the activation of protective
immunity and the BIG is currently identifying the pre-
cise nature of these activating signals.

Brown SP and others (2006) PLoS Biol. 4, 2091-2098
Ugrinovic S and others (2003) Infect. Immun, 71, 6808-6819
Menager N and others (2007) Immunology 120, 424-432

A multi-fluorescence microscopy image of Salmonella enterica (green-yellow)
within a CD18+ liver phagocyte (red). The cell nuclei are stained blue.

Most phagocytes contain only one or few bacteria because S. enterica
continuously escape from infected to non-infected phagocytes during
their growth in tissues. This is likely to be a mechanism that allows the
bacteria to remain one step ahead of the immune response.

Image: University of Cambridge
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ROYAL VETERINARY COLLEGE

CLUES FOR INJURY-FREE EXERCISE FROM HORSE FRACTURES

Success as an athlete depends upon training all the sys-
tems of the body so that they contribute to performance
but avoid injury. Each system requires a different training
input to achieve this balance. In the flat racing industry,
lameness remains the most important cause of days lost
from training. The most important injuries causing lame-
ness are fractures. These do not always involve complete
breaks in the bone but include ‘stress fractures’. These are
painful cracks in the bone that, if loading continues, may
progress to a complete break but do not initially do so.
Such fractures are not only common in horses but also in
military recruits, track and field athletes, ballet dancers,
figure skaters and gymnasts.

(44

In the flat racing industry, lameness
remains the most important cause of days
lost from training. 99

Revealing the processes by which bones use the loads
applied to them as stimuli to become strong enough to
resist fracture has been a long-term pre-occupation at the
Royal Veterinary College (RVC), however, experiments can
only reveal so much. The acid test is to see which training
regimens are the most successful in preventing fracture in
the field. To do this, the workers at the RVC accessed the
daily training details and veterinary records of 1,178
horses over two seasons. These data confirmed a relation-
ship between the incidence of fracture and the exercise

distances trained at canter (<14m/s) and high
speed (>14m/s). This relationship suggests that
the balance between the bones’ loading at high
and low speed may be more important to their pre-
disposition to injury than the absolute number of
loading cycles.

44

In young horses at the start of

training, the cumulative amount of
exercise at high speed is associat-
ed with reduced risk of fracture. 99

In addition, in young horses at the start of train-
ing, the cumulative amount of exercise at high
speed is associated with reduced risk of fracture,
whereas that at a canter is associated with an
increase. These findings are consistent with the
results from experiments in the laboratory which
show that bones’ adaptive responses to loading are
related to high strains, which would be caused by
high loads, and high strain rates, which would be
associated with fast work.

This study is only the first of many needed to
establish the training programme that is optimum
to produce strong bones resistant to fracture. Once
ascertained it must be combined with the

Horses racing to the finish at Windsor. Studies have revealed that high
impact exercise produces a beneficial response from bone cells.

Photo: RCVS

optimum regimen for speed and endurance. These data
should make racing safer for the horses and reduce
wastage due to injury. They are unlikely to make it any
easier to choose winners!

Verheyen KLP and others (2006) Bone, 39(6), 1322-30.
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INSTITUTE FOR ANIMAL HEALTH, PIRBIRGHT LABORATORY

BLUETONGUE SPREADS CLOSER TO UK SHEEP POPULATION

Bluetongue is a serious disease of ruminants, particularly
sheep, and is caused by a bluetongue virus (BTV). Infected
sheep may lose condition, have muscle degeneration,
develop respiratory distress and can die. Bluetongue was
once a disease only found in Africa and Asia and parts of
the Americas but in the last ten years has been encroach-
ing northwards through southern and eastern Europe, coin-
cident with increasing temperatures in Europe.

The first outbreaks in northern Europe originated directly
from a source outside Europe and were reported in the
summer of 2006 in the Netherlands, Germany, France,
Luxembourg and Belgium.

New genetic techniques developed at the Institute for
Animal Health (IAH) to improve identification of the virus
types in Europe have made it possible to identify from
which regions of Africa and the Middle East these viruses
have come.

We also know that Culicoides imicola, an Afro-Asian
species of midge that is a major vector of BTV, has spread
widely throughout southern Europe in recent times. It has
brought with it five different types of BTV, originating from
different parts of Africa, the Middle East and Asia (see
right). For example, type 1 virus, similar to viruses present
in India, entered Europe via Anatolian Turkey. Type 2 virus
entered Europe from the south, possibly from sub-Saharan
Africa, where it is endemic, or by moving across North
Africa via animal trade routes.

Genetic analysis also revealed that the type 16 BTV in This work was supported by the Biotechnology and
Europe had probably originated from a vaccine strain of Biological Sciences Research Council, the Department for
virus, that is the vaccine had mutated back to a disease- Environment, Food and Rural Affairs, the European

causing form. Novel vaccines are being developed to avoid =~ Commission and the Wellcome Trust.
this reversion. Recent research at the IAH has revealed

that the strain of BTV that caused northern Europe's first Mertens PP and others (2007) Journal of General Virology, in press
Purse BV and others (2005) Nature Reviews, Microbiology, 3, 171-181

ever outbreaks in 2006 was not closely related to those
present in southern Europe, but was
serotype 8, which is found in sub-Saharan
Africa. Details of its route to northern
Europe remain a mystery.

IAH research has also shown that the
midge Culicoides imicola is not the only
species of midge capable of transmitting
BTV. Rather, two other species complexes
that are already widely established, espe-
cially in northern Europe (including the
UK), are also capable of spreading the
virus, highlighting the potential for its fur-
ther spread.

Climate change is likely to exacerbate the
levels of risk. Current research at IAH is o o 1 1 9
concentrating on developing new genera- - -

tions of safer vaccine, and assessing the Genetic analysis of bluetongue viruses isolated in Europe has revealed not only that
threats posed to UK livestock by these five types of the virus (1, 2, 4, 9 and 16) have entered the region since 1998, but
viruses under existing and future climate  a/so the routes by which they came. Serotype 8 has been isolated from the 2006
scenarios. outbreak in northern Europe; its provenance is currently unclear.

Image: Institute for Animal Health
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