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Nasal Spray Equine
Influenza Vaccines Provide

Long-Term Protection

A nasal spray equine influenza vaccine
developed in the Equine Infectious
Disease Laboratory at Cornell's College
of Veterinary Medicine looks more
promising than ever, according to recent
trials. After more than a decade in

development the vaccine has proved to
protect ponies, with no adverse side
effects, for at least six months.

"Influenza has been called the last

great plague." says Dorothy Holmes,
D.V.M, Ph.D., of the Department of
Microbiology, Immunology, and Parasi
tology at the college . "An acute disease
of human beings, birds, swine, horses,
and even seals, it has probably been
described for over four-hundred years
with its only too well known characteris
tics of fever, chills, cough, aches, and
pains - an altogether miserable state of
affairs."

The influenza vaccines available for

horses occasionally have temporary side
effects such as appetite loss, muscle
soreness, and dullness, and they provide
only a limited duration of protection.

Horses that travel to racetracks,

training facilities, shows, and sales
should be inoculated every two or three
months. Yet, many owners are reluctant
to vaccinate their horses because of the

possible side effects that may interfere
with their performance.

Funded by the Harry M. Zweig Memo
rial Fund for Equine Research, Holmes
has developed a nasal-spray vaccine that
uses live viruses (current vaccines ad

ministered by injection contain
inactivated viruses). It is hoped the new
vaccines will trigger stronger and longer
lasting immunological reactions.
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Dr. Dorothy Holmes and technician Cindy Lamb swab a horse's pharynxfor virus samples

To develop the vaccines. Holmes first
had to reassort genes from a wild-type
equine AI influenza virus and a tempera
ture-sensitive human influenza virus to

create a temperature-sensitive equine
virus that could infect horses.

"Temperature-sensitive strains are of
great interest," says Holmes, "because
they are able to grow only at a tempera
ture lower than the normal body tem
peratures of mammals. When admini
stered by aerosol to the test ponies, the
viruses were able to grow in the cooler
upper respiratory tract, triggering the
production of local antibodies against the
virus. That fact is of vital importance
since it is through the upper respiratory
tract that the virus gains entrance to the
body in nature. However, because the
vaccine virus cannot survive in the

warmer lower respiratory tract, the
vaccinated pony doesn't get ill.

Horses are susceptible to two types of
influenza viruses: equine Al and equine
A2. After many attempts Holmes
succeeded in creating a temperature-
sensitive A2 virus by using the newly
developed temperature-sensitive A1

hybrid virus and a wild-type equine A2
virus as "parents." Holmes then began
growing, characterizing, and evaluating
the new viruses. The nasal spray Al virus
is now patented, and Holmes will soon
apply for a patent for the A2 virus. In the
meantime she continues to test the

vaccines.

In 1988, Holmes vaccinated five ponies
raised in a closed herd maintained by the
college to ensure that they had never been
exposed to any infectious diseases. The
vaccinated ponies were kept in separate
isolation rooms to prevent them from
infecting each other. After six months,
she challenged the ponies with a wild-
type flu virus. While the controls, which
were unvaccinated ponies, all developed
clinical signs of influenza, the vaccinated
ponies only showed evidence of a low-
grade infection marked by the presence of
a limited amount of virus in the nasal

secretions. They didn't get fevers or other
indications of illness.

Holmes is now testing more horses to
be certain that the nasal-spray vaccines
are superior to current vaccines and to
determine how long the vaccines will
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protect against influenza. She hopes that
the vaccine will provide long-lasting
protection in the same way that a natural
infection caused by a wild-type influenza
virus in the field results in permanent
immunity. If the additional trials are
successful, she hopes to interest a
veterinary biologies company in taking
over the final steps necessary for USDA
licensure and commercial production.
With some luck the vaccines may be
available within a few years.

Veterinary Immunologist
Sorts Out Reasons for

Equine Influenza Vaccine
Failures

The existing vaccine for equine influ
enza, although widely used, offers only
limited protection. Horses around the
world continue to be smitten with the

miserable illness resulting in setbacks in
their training and racing performances
and serious economic losses for their

owners. Equine influenza remains the
most important infectious respiratory
disease among performance horses in the
United States.

To improve the vaccines that protect
against equine influenza, Dr. Judith Ap
pleton, assistant professor of immunology
at the College of Veterinary Medicine at
Cornell, has been applying the tools
of molecular immunology to the study of
the influenza viruses and the immune sys
tem of the horse. The work is funded by
the Harry M. Zweig Memorial Fund for
Equine Research. Appleton set out to de
termine whether either of the two pre-

ZMF is produced periodically
throughout the year to report on
research at the College of Veterinary
Medicine, Cornell University, Ithaca
NY, funded by the Harry M. Zweig
Memorial Fund for Equine Research.
Writer: Susan Lang
Editor: Lynn Colvin
Production: Karen Redmond

Photos: David Grunfeld, John Reis
Sol Goldberg

^Mr1-!!*"^^

• ~
•

Dr. Judith Appleton

dominant types of influenza viruses had
recently changed; influenza viruses are
notorious for mutating, and vaccines
aren't effective if the antibodies they
induce encounter mutant viruses. She

found that while one virus, equine-1, was
the same as it had been twenty years ago.
equine-2 had undergone significant,
though not extensive, change.

The vaccine is evidently protecting
against equine-1; researchers haven't
found that virus in diseased horses since

1980. "Yet, that virus or a variant of it is

likely to come back," says Appleton. To
determine how the vaccines should be

modified to ensure continued protection
against equine-1 and better protection
against equine-2, she is examining the
molecular structures of both viruses, their

mutations in case such changes occur in
the field, and antibodies that can inacti

vate the viruses and their variants.

Appleton infected mice with the
equine viruses and harvested the antibod
ies that the mouse cells produced against
them. By cloning, or duplicating, the
antibody-producing cells, she developed
monoclonal antibodies. Those pure and
specific antibodies neutralize a particular
site on an invading virus. Although she
also succeeded in harvesting the virus-
specific antibodies from horses directly,
only limited quantities can be yielded
through that method.

Appleton has spent much of the past
year "characterizing" the monoclonal

antibodies — determining how and where
they fail to neutralize, or succeed in neu
tralizing different parts of the influenza
viruses or their variants collected from

the lab and the field. Several of the

monoclonal antibodies produced in her
lab are already being used by companies
that manufacture equine influenza
vaccines. She is also characterizing the
surface proteins of the viruses, where the
antibodies attach and thereby neutralize
the deleterious effects of the invaders.

After developing a successful method
of fusing tumor cells from the mouse
with lymphocytes, or immune cells, from
the horse to produce a series of hybrid
cells that secrete equine monoclonal
antibodies, Appleton was able to study
how the horse specifically responds to the
viruses and variants.

Antibodies are produced by immune
cells called B cells, but B cells need

signals from other cells, such as T cells,
to trigger the antibody production. Ap
pleton suspects that one reason for the
vaccines' failure is a molecular break

down in the communication system
among the various equine immune cells.

The T cell, for example, plays a crucial
role in the antibody response; Appleton is
investigating how the T cells respond to
various proteins on the viruses. Are the T
cells effective in interacting with the
proteins? Exactly where on the proteins
do they interact? How could the vaccine
be modified to compensate for failures in
the process?

A major thrust of Appleton's research
has been to separate the various cells in
volved in the immune response and to
test different cellular interactions among
them. "Although this work concerns
very basic immunogenetics," she says, "it
has never been done before with horses.

Appleton has made great progress in
developing techniques and procedures
that have allowed detailed analyses of the
specific interactions between the virus
proteins and the immune cells. "We're
learning a lot more about what the
horse's immune system is and is not
responding to in the virus," she explains.
"We're trying not only to learn how to
modify the vaccines to respond to
changes in viruses in the field but also to



determine if there's a shortcoming in the
horse's immune response for which we
can compensate."

Learning How Strangles
Attacks Horses Helps

Improve Vaccine Potential

To develop a better vaccine for
strangles, the most common bacterial dis
ease of the upper respiratory tract of
horses, researchers at the College of Vet
erinary Medicine at Cornell are examin
ing how the invading organism. Strepto
coccus equi. enters and attaches itself to
the horse.

Strangles is a highly contagious and
acute

disease

similar to

strep throat
in humans.

Within

several

hours of

contamina

tion of the

horse the

bacterium

can invade
Dr. John Timoney

the lymph nodes near the pharynx. Even
tually high fever and swelling can
develop, and abscesses press down on the
airway. When the infection is acute, the
horse has trouble breathing, or
"strangles" , and a tracheotomy may be
performed to relieve the suffocation. The
current vaccine for strangles is only about
50 to 60 percent effective. Cornell
veterinary microbiologist Dr. John F.
Timoney has discovered that although the
vaccine triggers antibody production in
the blood, it does not stimulate antibody
production in the pharynx, thereby failing
to offer satisfactory protection.

"The key to protection is the produc
tion of nasopharyngeal antibodies,"
Timoney explains. "They are crucial to
preventing entry of the organism into the
deeper tissues and draining lymph
nodes."

With a grant from the Harry M. Zweig
Memorial Fund for Equine Research,

Timoney has been able to determine
exactly how and where S. equi attacks the
horse. After infecting several horses,
Timoney screened tissues from the soft
palate, the cheek, the tongue, and other
areas of the head and throat to identify
where the organism attacks the body.
After months of screening Timoney
found S.equi in greatest concentrations in
the crypts of the tonsil and in low concen
trations in the soft palate.

Furthermore, Timoney found that the
organism does not attach itself to epithe
lial cells that line tissues, as previously
believed, but to M-like cells, important
immune cells that alert the immune

system that an antigen, or invader, has
entered the body. This was the first time
M-like cells had been found anywhere
near the horse's head and throat; previ
ously, they had only been found in the
intestine.

Timoney has already developed a
patented vaccine that uses an avirulent
strain of S. equi and is proving to be more
effective than current vaccines, but it

contains live organisms. While most
researchers agree that vaccines with live
organisms'are most effective, such
vaccines carry the risks of producing the
illness in the host horse, contaminating
untargeted horses and reverting to more
virulent forms.

Timoney's long-term objective is
therefore to develop a synthetic peptide
vaccine. He is currently sequencing the
gene of the protective M protein found on
the surface of S. equi. When he has
accomplished that, he plans to determine
the protein's critical amino acid sequence
involved in immunity. Ultimately he
would mimic that sequence in a synthetic
peptide vaccine. The synthetic vaccine
would stimulate the desired nasopharyn
geal protective immune response but
eliminate the risk of infection.

Since the peptide will be a very small
molecule and might get lost if sprayed
into the nose or throat of the horse,"

Timoney explains, "we want to find a
carrier protein that sticks well to the M
cell in the tonsil." The carrier protein
would be used to enhance the adhesion of

the peptide to the M cell, which is
necessary to trigger the immune response.
"The phenomenon of adhesion," Timoney
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says "is an essential prerequisite for the
colonization of mucous membranes and

for successful infection." In the mean

time, Timoney's live vaccine, now being
tested by a biologies company, needs
further work. To allow commercial

distribution of the vaccine, the avirulent

strain must be freeze-dried, since it does

not last long enough when it is fresh.
That procedure, however, results in a tre
mendous loss of viable cells. Timoney is
helping to determine what type of
suspension fluid would best preserve the
delicate freeze-dried organisms. Since
the effective fluids tend to be thick and

heavy, another challenge is to be certain
that the fluid can be sprayed back to the
tonsil area.

Timoney's research not only provides a
basis for a better understanding of the
early pathogenesis of strangles and the
role of mucosal antibody in protection for
a safer vaccine but also has implications
that reach beyond horses. Because group
A strep in human beings is a similar
disease, much of the equine research may
be applied to human beings. "We've
been able to make headway in terms of
understanding the interaction in the
nasopharynx and where strep in horses
binds. It's probably the same in hu
mans," Timoney speculates. Further
more, much of the immunological work
that Timoney has been conducting will
also be applicable to other upper respira
tory tract infections of the horse, as they
probably all enter by the same pathway
and trigger the same immunological
phenomena.

In a smear ofpharyngeal lymph node cells,
long chains ofS. equi multiplynext to white
blood cells.



Harry M. Zweig Memorial Fund Supports Cornell Equine Research in 1989

In one of the first state programs in
the nation to support equine research
through revenues from racetracks
and off-track betting, Cornell Univer
sity's College of Veterinary Medicine
will receive $437,000 in 1989. The
monies are granted through the
Harry M. Zweig Memorial Fund, a
fund created in memory of Dr. Harry
M. Zweig, a life-time supporter of the
equine industry in New York State.
The following are the selected re
searchers, projects and funding
amounts for 1989:

• $50,000 to Dr. Douglas Antczak for
"Immunogenetic Studies of the
Horse"

• $35,000 to Dr. Judith Appleton for
"Analysis of Equine Immune Re
sponse to Influenza Virus"

• $45,000 to Dr. Barry Ball for

"Culture & Transfer of Equine Tro
phoblastic Vesicle"

• $10,000 to Dr. John Cummings for
"Study of the Equine Myenteric Plexus
with Special Reference to Pelvic
Flexure Pacemaker"

• $25,000 to Dr. Edward Dubovi for
"Equine Arteritis Virus: Continuing
Studies of Diagnosis & Pathogenesis"

• $50,000 to Dr. Joanne Fortune for
"Steroidogenesis by Equine Preovula
tory Follicles"

• $45,000 to Dr. Robin Gleed, Dr.
Alan Dobson and Dr. Richard Hackett

for "Bronchial Artery Blood-Flow in
the Horse"

• $7,000 to Dr. John Hermanson for
"Muscle Morphology & Motor Control
of the Normal Equine Forelimb

• $14,000 to Dr. Katherine Houpt for
"Effect of Furosemide on Salt Intake

of Horses"

• $35,000 to Dr. Donald Lein for
"Applying New Technology for
Evaluating and Predicting Fertility of
Stallions"

• $30,000 to Dr. George Lust for
"Studies of Osteoarthritis in the

Horse

• $33,000 to Dr. David Slauson, for
"Neutrophil-Dependent Mechanisms
of Endotoxin-Mediated Equine Mi
crovascular Injury"

• $30,000 to Dr. Donald Smith for
"Gait Analysis Instrumentation"

• $28,000 to Dr. John Timoney for
"Determination of Nucleotide Se

quence of M Protein Gene of S. equi."

By New York State legislation, the Harry M. Zweig Memorial Fund for Equine Research is administered by a committee whose
members are individuals in specified government and equine industry positions and others who represent equine breeders,
owners, trainers and veterinarians. Current committee members are Daniel J. Burke, Longford Farm; Donald G. Butcher, Com
missioner of the NewYork State Department of Agriculture and Markets; Dr. Wendall Cooper, Lana Lobell Farms, Inc.;
Richard Corbisiero, Jr., Chairman, New YorkState Racing and Wagering Board; Daniel Gernatt, Collins, new York; John L.
Hardy, Tucker and Hardy Associates; Charles Knauss, Jr., Executive Director, Agriculture and New York State Horse Breeding
Development Fund; Albert W. Miller, DVM; Everett Schoenborn, Climax, New York; William H. Welch, Executive Adminis
trator, New York State Thoroughbred Breeding and Development Fund; Theodore J. Zornow, Avon Farms; Anna Zweig,
widow of Dr. Zweig; and Robert D.Phemister, Dean of the College of Veterinary Medicine, Cornell University, and chairman
of the Committee. The Zweig Fund receives two percent of all monies accruing to the Agriculture and New York State Horse
Breeding Development Fund and the New York State Thoroughbred Breeding and Development Fund from the state's tracks
and off-track betting.

Zweig News Capsule
College of Veterinary Medicine
Cornell University
Ithaca, NY 14853


