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Osterrieder Identifies Key Gene in Equine Herpes Virus

Equine herpes virus type 1 (EHV-1) causes disease in horses worldwide. In
its early stages, the virus usually triggers a fever and respiratory problems.

The horse initially may have trouble breathing, shortness of breath (dyspnoea),
or cough excessively. As the infection takes root, the virus can cause serious
problems in the reproductive, respiratory, or central nervous systems. It can
trigger abortions in pregnant mares and a respiratory disease called rhino-
pneumonitis, which occurs mostly in young horses. And, owing to nerve dam
age, it can cause neurological difficulties such as paralysis of the back legs or
bladder problems.

EHV-1 is particularly contagious early in the infection and can spread quickly
during outbreaks via droplets in the air or from equipment that's been used
recently byan infected and virus-shedding horse. ^.



Osterrieder continued from page 1

Osterrieder uses fluorescent technology to
track the equine herpes virus type 1 as it
moves through an animal's body. Pictured
here is a virus plaque—the empty space thafs
left behind after the virus has killed cells.

"More recently, the neurological form
of the disease has been predominant
and has caused considerable losses to

the equine industry," says Klaus
Osterrieder, DVM, who came to the

college from Germany in mid-2002 as
an associate professor of virology. "In
devastating recent outbreaks of EHV-
1 in herds, studs, and at racetracks, an
unusually high number of horses
exhibited the neurological form of the
disease. This is alarming because this
form of EHV-1 infection used to be

sporadic and contained to individual
animals of an affected herd. Recent

reports, however, suggest the emer
gence of a high percentage of affected
horses developing severe clinical dis
ease, with some herds experiencing a
90 percent morbidity and more than
10 percent mortality rate."

"Another striking feature of these
recent outbreaks is that many horses
got seriously ill despite regular vacci
nations in very short intervals.
Clearly, we need better vaccines and
vaccine protocols," Osterrieder adds.

For over ten years, Osterrieder has
been working on these viruses with
the end goal of developing an effec
tive vaccine that is not so pathogenic
that it causes severe symptoms but is
effective enough to prevent infection.

So far, he has identified a gene that is
absent from a particular herpes virus
vaccine strain and actually expresses
a protein that is absolutely required to
cause a disease state. This was a major
step toward understanding what is
needed for a more effective vaccine.

It is generally accepted that the virus
launches its attack by infecting the
endothelia—the inner lining cells—of
small blood vessels. This assault

inflames the blood vessels (vasculitis)
and causes blood clots (thrombosis).
The clots, in turn, interfere with the
blood flow (microcirculation) in the
affected area, depriving the area of
adequate oxygen (hypoxia) and soon
leading to nerve damage and nerve
death. This same process of inflam
mation, clot formations, and oxygen
deprivation can cause placentas to
detach and cause malnutrition in a

fetus. Osterrieder's laboratory had
determined that certain proteins of
the EHV-1 membrane were involved

crucially in the early stages of infec
tion and in the virus's ability to
spread.

With funding from the Zweig
Memorial Fund, Osterrieder com
pared a strain of herpes virus that did
not trigger disease with a wild herpes
virus strain that did cause disease to

try to pinpoint which protein made
the critical difference. He targeted a

"Recent reports suggest

the emergence of a high

percentage of affected horses

developing severe clinical

disease, with some herds

experiencing a 90 percent

morbidity and more than 10

percent mortality rate."

—Klaus Osterrieder

certain spot and swapped a gene from
the virulent strain that he thought
might be the culprit and put it into
the strain that didn't cause disease—

the avirulent strain, thereby making a
mutant strain. Together with his long
time collaborators, Drs. Dennis
O'Callaghan and Patrick Smith from
the Louisiana State Health Sciences

Center, Osterrieder then tested this

mutant strain in two different lines of

mice to see if the protein-modified

avirulent strain would now cause dis

ease. (In studies such as these, the
mouse is a good research model for
the horse.)

"When we tested the strain in mice, it
turned out to be very deadly in one
line of mice but basically avirulent in
the other," says Osterrieder. "It
behaved so differently in the two
strains of mice that we think it might
make a good candidate for a vaccine.
That's because the generated mutant
virus may not be overly attenuated,
which sometimes is counterproduc
tive in terms of protection against cir
culating field viruses."

The next step in vaccine virus testing,
however, is very difficult: to assess the
mutant strain's protective capabilities
in horses.

"We must find a group of horses that
has never been exposed to strains of
the equine herpes virus, which is very
difficult because most horses have

been exposed," says Osterrieder. He
hopes to find herpes-negative horses
by testing horses at auctions. He plans
to buy any negative horses available
with the hope of having a group to test
by the end of the year.

If that doesn't work out, Osterrieder
may obtain horses from Canada
where the horse population is much
less dense. Another option is to test
horses that have been exposed but
not in the very recent past and haven't
developed a full-blown infection.
Those are the horses that many vet
erinarians would encounter and vac

cinate anyway and, as such, are a
reflection of the real-world situation.

So far, Osterrieder's research has
focused on the EHV strain that has

been isolated for more than 50 years
and the virus against which current
vaccines presumably protect. He
hopes to be able to obtain isolates
that have been causing the severe
outbreaks recently.

"We will have to determine if the new

strains, in fact, are really different
from the virus we're more familiar

with," says Osterrieder. He says that
preliminary evidence suggests that
the strains vary minimally and that it's
not mutations of the virus that have

caused the recent severe outbreaks,
but changes in animal husbandry
practices. •



Chang Produces Surface Proteins Critical to Vaccine Development

As little as four years ago lep-
tospirosis didn't seem to be a

particularly important disease in
horses.

"It was considered only one of many
possible causes of uveitis, a painful
and debilitating eye disease and as a
rare cause of abortion in mares," says
equine clinician Thomas Divers,
DVM, Dipl ACVIM, ACVECC.

But new diagnostic techniques have
changed all that in showing that near
ly all cases of equine recurrent uveitis
(ERU) is caused by this infection.

"ERU, which is also known as moon
blindness, is an extremely painful,
very devastating, recurring, and pro
gressive eye disease that can rarely be
cured and leads to partial or complete
blindness," Divers says. "Infection
with Leptospira also can lead to fever,
jaundice (icterus), abortions, and
even death."

Now Lepfosp/ra-induced uveitis is
considered the most important eye
disease in horses. Although there is a
vaccine for leptospirosis for dogs,
swine, and cattle, this spiral-shaped
bacterium is a growing problem for
horse owners because there's no vac

cine available specifically for horses.

"The need for an equine vaccine
against leptospirosis is exemplified by
recent outbreaks of abortions in New

York, Pennsylvania, and Kentucky,
and the nearly worldwide incidence of
Leptospira-inducedrecurrent uveitis,"
says principal investigator Yung-Fu
Chang, DVM, PhD, Dipl ACVM, a
molecular microbiologist and profes
sor of population medicine and diag
nostic sciences. In addition to Divers,

Chang's collaborators in vaccine
development studies include patholo
gist Sean McDonough, DVM, PhD,
epidemiologist, Hussni Mohammed,
DVM, PhD, and research associate
Raghavan Palaniappan, PhD.

To trigger immune response in the
host, many vaccines use the entire cell
(bacteria) or viral particles of the
invading bacteria or virus. However,
in the case of leptospirosis, horses
produce some antibodies against the
whole cell that actually react against
healthy eye tissues, an example of an
autoimmune reaction. Thus, adverse

effects could occur using a vaccine
with the whole-cell bacterium.

To develop an effective and safe vac
cine against equine leptospirosis,
Chang had been trying to identify the
bacterial surface proteins that don't
express in laboratory culture, but do
express when the bacteria infect ani
mals. Recently, he made a major
breakthrough by successfully pin
pointing and isolating critical surface
proteins (LigA, LigB, and LigC) from a
virulent strain of Leptospira interro
gans that was critical for infection and
immunity but does not cross-react
with the eye.

"The need for an equine

vaccine against leptospirosis

is exemplified by recent

outbreaks of abortions in

New York, Pennsylvania, and

Kentucky, and the nearly

worldwide incidence of

/.efosp/ro-induced recurrent

uveitis."

—Yung-Fu Chang

Equine recurrent uveitis, which rarely can be
cured and leads to partial or complete blind
ness, is now the most important eye disease
in horses.

Using molecular genetic techniques,
Chang successfully cloned and char
acterized the gene that expresses LigA
and LigB, which is a critical step
toward developing a DNA and/or
recombinant vaccine.

"LigA and LigB proteins could be
important virulence factors of this
organism that is related to disease,"
Chang says. His laboratory has been
able to produce the protein and use it
as a recombinant vaccine, which they
have tested in hamsters and have

found to be protective against infec
tion and disease.

In the next phase, they will first con
tinue to test the vaccine in hamsters

to determine optimal doses and a vac
cine protocol. Then, they will develop
a natural infection model, which will
require infecting the eyes of horses
directly, monitoring the subsequent
antibody production, and assessing
pathology. After that, they will be
ready to test the vaccine in horses.

"At this point, clinicians can't tell with
a blood test whether a horse has been

exposed to a pathogenic strain of
Leptospira or has antibodies from a
vaccination," Chang explains.
"Hopefully, work with this protein will
prove useful not only for a vaccine but
also for such diagnostic purposes." •



Lyme Disease Studies Examine Vaccines and Treatment Options
Lyme disease is a bacterial illness

caused by the corkscrew-shaped
(spirochetal) bacteria Borrelia
burgdorferi. It is the most prevalent
tick-associated illness in horses,
humans, dogs, and cats in the north
eastern United States, causing such
nonspecific signs as fever, stiffness,
muscle pain, and swollen joints. The
so-called "deer ticks" or "black-legged
ticks" are the most common carriers

of the bacteria. The disease is endem

ic in the northeastern and mid-

Atlantic states, Minnesota, Wisconsin,
and northern California.

Four to five years ago, equine clinician
Thomas Divers, DVM, Dipl ACVIM,
and Yung-Fu Chang, DVM, PhD, Dipl
ACVM, a professor of population
medicine and diagnostic sciences,
were swamped with questions about
Lyme disease in horses. They began
testing the blood of horses to deter
mine how widespread equine expo
sure to the bacteria was found.

"It became clear that huge numbers of
horses in the Northeast had produced
antibodies, but no one knew what it

meant because no one had done

research on Lyme disease in horses
before," says Divers. He points out that
in areas where humans are being
infected at high rates, more than 50 per
cent of the horses had been exposed. In
Connecticut, more than 70 percent of
the horses have been exposed based on
seroconversion, that is, the develop
ment of antibodies against a microor
ganism. Despite evidence of high expo
sure, only a small percentage of horses
show obvious symptoms.

Lyme disease is of particular concern
to owners and trainers of perform
ance horses, says Divers, because the
stiffness and lameness that the dis

ease produces can take a serious toll
on performance. Such problems have
been observed in Connecticut and

eastern New York where many elite
show and performance horses are
trained.

Since Chang had published a number
of papers on Lyme disease in dogs,
Divers teamed up with him and
pathologist Sean McDonough, DVM,
PhD, for a series of studies funded

Many horses whose blood tests positive for
exposure to the Borrelia burgdorferi bacteria
do not have Lyme disease. Compatible clini
cal signs must also be present for a diagnosis
to be definitive.

jointly by the Zweig Memorial Fund
and the Dr. John Lowe Endowment.

In the first phase, the researchers pro
duced Lyme disease experimentally in
ponies to study the response to the
infection. They found microscopic
evidence of the disease in the layer of
skin just underneath the epidermis
(dermis), lymph nodes, peripheral
nerves, and around blood vessels near
the joints. Clinical signs of the disease
were not obvious in the experimental
ponies, although subtle signs might
have gone undetected. Some clinical
signs previously attributed to
Borrealia, in fact, were caused by
infection by another organism,
Anaplasma phagocytophila (also
known as Ehrlichia equi). They also
discovered which antibodies were

important in diagnosing Borrealia
and the temporal antibody response



Divers continued from page 4

"All three antibiotics reduced

the level of the ponies'

antibody response, indicating

that the organisms were

suppressed somewhat, but

only tetracycline completely

cleared all four ponies of the

infection."

—Thomas Divers

to infection, both of which have per
mitted improvements in diagnostic
testing and/or interpretation.

"We also found that horses stayed
infected for months after the infected

ticks were removed, suggesting that
the infection is persistent, perhaps
lifelong in some horses," Divers
points out.

In the second phase of the studies, the
researchers used an experimental
vaccine based on an outer surface

protein (OspA) that others had deter

mined was important for immunity in
other species. They vaccinated eight
ponies on days 1, 20, and 82, which
proved protective for an experimental
challenge.

"Although the vaccine is very similar
to a vaccine available for dogs and to
the vaccine for humans—which was

taken off the market for possible side
effects—we don't know if the dog vac
cine would work in horses and we

don't know how often the horse needs

boosters," Divers says. "What we do
know is that the experimental vaccine
provided protection in our experi
mental model and side effects were

not noted. It is unlikely, however, to be
effective after an infection has already
occurred."

In the third phase of the study, the
researchers analyzed antibiotic treat
ments. Because the infection did not

trigger obvious clinical signs, the suc
cess of treatment was based on lab

tests to determine if the organism was
cleared from the ponies. The
researchers infected 16 ponies and
then tested three antibiotics: tetracy
cline administered intravenously,
doxycycline administered orally, and
ceftiofur administered with an intra

muscular injection for three weeks in
four ponies each. Four ponies were in

a control group. After four months, the
ponies were euthanized and evaluated.

"All three antibiotics reduced the level

of the ponies' antibody response,
indicating that the organisms were
suppressed somewhat, but only tetra
cycline completely cleared all four
ponies of the infection. In the other
two groups, the antibiotics cleared
one of the four ponies but left three
still infected," Divers said. Tetra
cycline was likely the most effective
because it was administered intra

venously, which permitted very high
levels of the antibiotic in the tissues.

"With what we've learned so far about

treatment, the reasonable recom
mendation would be to treat an

infected horse with intravenous tetra

cycline initially, and if long-term
treatment were desired, switch to the

oral administration of docycycline,
which is much more convenient and

practical," Divers concludes.

Drs. Divers and Chang wish to further
test the dog vaccine in horses,
advance challenge studies following
vaccination to determine how often

boosters are needed, and change the
doses of the various antibiotics to

determine if that would make them

more effective. •

Harry M. Zweig Memorial Fund for Equine Research—2004 Research Awards

New

$75,498 to Dorothy Ainsworth for "The Role of Pulmonary Macrophages in Initiating the Inflammatory Response of
Recurrent Airway Obstructions"

$60,000 to Norm Ducharme for "Management of Horses with Partial Paralysis of the Left Arytenoid Cartilage"

$44,601 to Julia Flaminio for "The Effect of CpG-oligodeoxynucleotides in the Foal's Immune System"

$48,000 to Alan Nixon for "Gene Enhanced Cartilage Repair Using Multimodal IGF-1 and IL-1 Receptor Antagonist
Therapy"

$30,000 to Klaus Osterrieder for "Equine Herpesvirus Type 1 as a Vector to Immunize against West Nile Virus and Equine
Influenza Virus in Horses"

$4,760 to Kenneth Rassnick for "An Immunohistochemical Study of Cyclooxygenase-2 Expression in Squamous Cell
Carcinoma of the Equine Cornea"

Renewal

$50,013 to Douglas Antczak for "Horse Genome Project: Functional Genomics of the Equine Immune System"

$35,000 to Lisa Fortier for "Final Verification of Equine Embryonic Stem Cell Lines"

$58,245 to Klaus Osterrieder for "Equine Herpesvirus Type 1Virulence and Vaccine Efficacy"



The Harry M. Zweig Memorial Fund for Equine Research honors the late Dr. Harry M. Zweig, a distinguished
veterinarian, and his numerous contributions to the state's equine industry. In 1979, by amendment to the pari-

mutuel revenue laws, the New YorkState legislature created the Harry M. Zweig Memorial Fund to promote equine
research at the College of Veterinary Medicine, Cornell University. The Harry M. Zweig Committee is established
for the purpose of administering the fund and is composed of individuals in specified state agencies and equine
industry positions and others who represent equine breeders, owners, trainers, and veterinarians.

2004 Harry M. Zweig Memorial Fund Committee

Jean Brown

Blue Chip Farms, Inc., Wallkill, NY

Peter Goold

Executive Director of the Agriculture
and NYSHorse Breeding
Development Fund
Albany, NY

John L. Hardy
Featherstonhaugh, Conway,
Wiley&Clyne, LLP, Albany, NY

Mike Hoblock

Chairman, NYSRacing and
WageringBoard,Albany, NY

John E. Jagar, DVM
Millbrook, NY

Rick Lesser, DVM
Ravena, NY

Paul C. Mountan, DVM

Rhinebeck, NY

Donald F. Smith, DVM, Dipl ACVS
Dean, NYS College ofVeterinary
Medicine at Cornell University
Ithaca, NY

Philip Trowbridge
NYS ThoroughbredBreeding &
Development Fund Corp., Ghent, NY
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