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You don’t know which horse 

is carrying herpesvirus, or 

when the virus might again 

become contagious
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By KImBERly S. BRown

So often the critical scene in a cinematic medical drama hinges on 
what the “lab report” says. It is this pathological study of a disease 
that often allows researchers and veterinarians to determine cause, 

treatment, and prevention of problems in horses. 
The day prior to the start of the 53rd annual convention of the American 

Association of Equine Practitioners (AAEP) in Orlando, Fla., in December 
2007, a meeting was hosted by the C.L. Davis Foundation and the American 
Association of Veterinary Laboratory Diagnosticians on Equine Herpesviral 
Diseases. The meeting was sponsored by Fort Dodge Animal Health.

Equine Herpesvirus 
    Seminar

What was predicted at first to be a small 
meeting of perhaps 35 people blossomed into 
a packed room of more than 130 leaders in 
equine veterinary practice and research. Fa-
bio Del Piero, DVM, PhD, Dipl. ACVP (pa-
thology), of the University of Pennsylvania, 
was the course organizer, and his loaded pro-
gram was what packed the room.

It is an understatement to say that all of 
the participants didn’t agree on all comments 
made about equine herpesviruses and the 
diseases they cause. Yet this fostered highly 
active debates and question-and-answer ses-
sions throughout the day.

overview
The meeting started with an overview of 

herpesviruses in horses by Klaus Osterrieder, 
DVM, DVM Habilitation (German equivalent 
to a PhD), a professor of virology in the De-
partment of Microbiology and Immunology 
at Cornell University and who also serves 
as head of the Institute for Virology at Freie 
Universität Berlin, Germany; and Paul Lunn, 
BVMS, MS, PhD, head of the Department of 

Clinical Sciences at Colorado State Univer-
sity.

“The family of the Herpesviridae is large,” 
began Osterrieder. “Everyone in this room 
harbors three to four of these critters in them 
for the duration of their lives.”

Equine herpesviruses are the second- 
largest animal viruses known (250 nano-
meters). “All have a linear, double-stranded 
DNA genome,” he added. “They usually have 
a close relationship with the host.”

Looking at equine herpesviruses under 
an electron microscope reveals their distinc-
tive “sunny-side-up” egg appearance, noted 
Osterrieder. The “yolk” of this “egg” is what 
harbors the DNA. 

Equine herpesviruses are found all over 
the world. There are nine equine herpesvi-
ruses identified at this time, noted Osterrie-
der. “EHV-1 and EHV-4 are clinically most 
relevant,” he said. “There is discussion of 
EHV-2 and EHV-5 being involved in disease 
development and immunosuppression, espe-
cially EHV-2 in eye infections. I’m not con-
vinced yet this is the case.”

Agreement? No. Education? Yes! The daylong seminar on 
equine herpesviruses—especially the neurologic form—brought 
in a stellar lineup of presenters who packed the house 

An electronic micrograph showing an equine  
herpesvirus-1 particle.
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Osterrieder said EHV-1 and EHV-4 are 
“closely related; they were considered one 
virus until the mid-1980s.” Both are Alpha-
herpesvirinae, whereas EHV-2 and EHV-5 are 
Gammaherpesvirinae.

Herpesviruses can cause disease in the 
equine respiratory tract, reproductive organs, 
and central nervous system (CNS), noted Os-
terrieder. The main focus of this conference 
was on the neurologic form of equine herpes-
virus-1. 

Equine herpesvirus-1 is taken in through 
the respiratory route, and it first replicates 
while in the nasopharyngeal epithelium. It 
can cause respiratory disease “by direct de-
struction of tissue and the initiation of an in-
flammatory response,” said Osterrieder. The 
virus spreads to the tonsils and lymph nodes 
and finally causes a cell-associated viremia 
(period when there is virus circulating in the 
blood usually associated with fever), which 
Osterrieder said could last several days.

The virus penetrates a horse’s cell, where 
the viral DNA is injected into the nucleus 
of the cell. There is a cascade of viral pro-
tein production, DNA replication, and other 
changes within each infected cell that pre-
pare the virus to move out of that cell to in-
fect other cells. 

Herpesviruses have adapted well to their 
equine hosts so they don’t kill the cells they 
infect for quite some time; those cells are 
necessary for the virus’ survival. In fact, the 
horse’s own cells provide “envelopes” to sur-
round the virus and protect it while it is trav-
eling in the horse’s body.

As in humans (think cold sores), horses 
can become infected with a herpesvirus, ap-
pear normal, but the virus can still be living 
in the animal. This “latent” stage of infection 
does not cause disease, and it probably is the 
virus’ best means of continued survival over 
millions of years. In fact, Osterrieder said, 
research has shown more than 80% of adult 
horses are latent carriers of equine herpes-
viruses.

So if the virus is latent at levels low enough 
to not cause disease in the host horse, how 
does it spread? 

When a horse (or human) becomes 
stressed, the virus reactivates and can rise 
to a level to sometimes cause illness in the 
host horse, or to be spread from a seemingly 
“well” host horse to other horses through di-
rect nose-to-nose contact, aerosol exposure 
(sneezing, coughing), or fomites (equipment, 
human hands, etc.). 

“Immunosuppression results in reactiva-
tion from latency,” said Osterrieder. Immuno-
suppression can be caused by several things, 
including use of specific drugs (including 
corticosteroids) and stress.

“Stressors include social stress (mixing 
of strange horses), exercise, transportation, 
and concurrent disease,” added Osterrieder. 
“I think a major cause of reactivation is so-
cial stress. (This means mixing) horses with 
no recollection of each other or which have 
never met.”

There is a short incubation time after ex-
posure to herpesvirus, from 12 to 48 hours, 
he noted. The horse can shed virus for two to 
three weeks, peaking two to four days after 
infection. The horse then mounts an immune 
response that wanes quickly. 

The length of shedding is why horses 
should be tested when they have respiratory 
disease, then maintained in quarantine for 
four weeks after the last fever.

Herpesvirus can be isolated in the labo-
ratory using secretions collected with nasal 
swabs, especially early after infection (within 
days). There are a number of lab tests that 
can determine the presence of herpesvirus, as 
well as the type. 

Serology can be a useful tool. However, 
one antibody titer doesn’t tell you anything, 
noted Osterrieder. “If you want to know if 
this (antibody titer in the test results) is con-
sequence of a ‘fresh’ infection, do serum pairs 
in weekly or two-week intervals.” This allows 
you to determine if antibody titers are rising 
or falling. If they are rising, then this is a new 
challenge to your horse’s system and not the 
result of an old infection (latency).

However, if you use serum to do neutraliza-
tion assays, do not compare values between 
labs, noted Osterrieder. It’s not that one lab is 
better than another, but there is a high prob-
ability that reagents and equipment will not 
be set up the same.

There is an immune response to a virus 
protein that can be used to differentiate 
between EHV-1 and EHV-4, and there is a 
test that can distinguish between EHV-1 

and EHV-4 using this protein. This test is 
not widely used in the United States, but 
has been used for years in Europe. The test 
is based on differences between EHV-1 and 
EVH-4 gG gene, and the distinguishable an-
tibodies that are produced. The company 
that manufacturers this test is trying to get it 
licensed for use in the United States.

EHV-1 neurologic Form
But what about the neurologic form of 

EHV-1? That’s what many horse owners have 
read about in the last few years and what is 
the basis of the “scare” factor of today’s her-
pesviruses. 

While not based on any scientific meth-
ods, a look at the number of articles about 
neurologic EHV-1 on TheHorse.com in 2007 
showed 82 individual articles (this does not 
reflect separate outbreaks). In 2006 there 
were 94 articles. 

In 2007 there were reports of EHV-1 neu-
rologic problems in California, Connecticut, 
Florida, Illinois, Kentucky, Maine, Maryland, 
New York, Pennsylvania, Rhode Island, Vir-
ginia, and Wisconsin. Some of these states 
had multiple outbreaks or outbreaks on mul-
tiple properties. At least one report was for 
a single horse. In 2006 there were reported 
neurologic cases in California, Colorado, 
Connecticut, Florida, Kentucky, Maryland, 
Michigan, New Jersey, Pennsylvania, and 
Wisconsin. Some of these outbreaks over-
lapped years.

Again, these are just reports that made na-
tional news; there’s no way of knowing the 
actual occurrence.

A change in the DNA (genetic mutation) of 
the virus has been found in horses with the 
neurologic form of EHV-1. There is debate 
whether you have to have this mutated form 
circulating and infecting horses to have the 
resultant neurologic disease, or if any EHV-
1 virus can change into the neurologic form, 
or if any EHV-1 virus can cause neurologic 
signs without mutating.

There is good evidence that the “wild” form 
of EHV-1 (as opposed to the form found in 
vaccines) is more likely to cause neurologic 
disease. 

During discussion later in the day Oster-
rieder said, “If a horse gets sick from herpes 
(EHV-1), isolate it because it could turn into 
neurologic disease regardless of the type.”

Lunn added, “If a horse tests positive for 
herpes (EHV-1), you have to do (biosecurity)—
you can’t guarantee a non-neurolgic herpes 
outcome.” Lunn added that as many as 25% 
of neurologic outbreaks are associated with 
non-neurologic strains of EHV-1.

Equine Herpesvirus Seminar 

 I think a major cause of 
(EHV) reactivation is social 

stress. 
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“Treat all (EHV-1) cases the same way (for 
bioecurity),” said Lunn. “Be afraid of the ‘Ty-
phoid Mary.’ ”

Osterrieder said, “Dramatic apparent dif-
ferences in pathogenic (disease-causing) 
potential have been detected among natu-
rally circulating viruses. Although all EHV-1 
strains and isolates are capable of causing re-
spiratory disease and abortion, the neurolog-
ical form of the disease can only be induced 
by a subset of strains that have the capacity 
to induce highly lethal disease of the central 
nervous system with remarkable fatality rates 
of up to 50%.”

No wonder horse owners are scared.
He added that, “No differences between 

strains representing the neurovirulent 
(neurologic disease-causing) and non- 
neurovirulent (abortion-only) pathotypes 
of EHV-1 have been detected in their abil-
ity to infect cultures of equine endothelial 
cells in vitro (in the laboratory). It has been 
argued, however, that neurovirulent EHV-1 
isolates appear to replicate more efficiently 
in vivo (in the horse)—particularly in lym-
phocytes—induce prolonged and high levels 
of viremia, and cause a more widespread 
vasculitis (inflammation in blood vessels that 
can cause leakage) when compared with non- 
neurovirulent EHV-1 isolates recovered from 
aborted equine fetuses.”

A single change in the DNA of EHV-1 (a 
single nucleotide polymorphism at position 
752 in the viral DNA polymerase) has been 
associated with the neurological form of 
EHV-1. This mutated strain results in a more 
severe central nervous system disease with 
higher levels of viremia “as well as preferen-
tial infection of T versus B lymphocytes and 
monocytes,” noted Osterrieder. 

Researchers have discovered virus release 
from the respiratory epithelium was not dif-
ferent between strains, “indicating that ef-
ficient interanimal spread in the absence of 
severe neurological disease is possible,” he 
added.

One of the most important things to realize 
about what happens during a neurologic epi-
sode of EHV-1 is that the virus does not infect 
neuronal cells. The way it causes central ner-
vous system problems is through infection of 
endothelial cells that line blood vessels. This 
causes leakage of the blood vessels supply-
ing the central nervous system. This blood 
leakage causes areas of inflammation, which 
leads to disruption of the normal action of 
neuronal cells.

Pamela Wilkins, DVM, MS, PhD, Dipl. 
ACVIM, ACVECC, of the University of  
Pennsylvania, later in the day described the 
damage caused by neurologic herpesvirus 
in the central nervous system as similar to a 
stroke. Osterrieder said the impaired micro-
circulation and hypoxia (decreased oxygen 
in the tissues) results in swelling, malfunc-
tion, and ultimately the death of neurons. 
These insults to the central nervous system 
are what cause the clinical signs of neuro-
logic EHV-1.

Research and testing
Lunn continued the overview of EHV-1. 

He discussed outbreaks and cases through-
out the world. For example, the United 
Kingdom seems to have a 10-year cycle of 
seeing an increase in neurologic herpes-
virus cases. A question from the audience 
questioned whether labs in Europe or Aus-
tralia were actually testing for the mutated 

neurologic form of EHV-1. James Gilkerson, 
BVSc, BSc(Vet) Hons, PhD, of Australia, said  
veterinarians in that country were not very 
good at diagnosing neurologic disease be-
cause they don’t have many cases there. 

Lunn said a USDA/APHIS publication in 
January of 2007 suggested that neurologic 
herpesvirus is an emerging disease. Lunn 
said George Allen, PhD, of the University of 
Kentucky’s Gluck Equine Research Center, 
held the opinion that there is a great increase 
in neurologic equine herpesvirus.

“We think we have a problem,” said Lunn 
in a provocative understatement.

Lunn showed the cycle of how horses are 
latently infected and spread herpesviruses 
based on an illustration published in Large 
Animal Infectious Diseases. The cycle shows 
a horse latently infected with EHV-1 and 
EHV-4. The horse has reactivation, nasal 
shedding, infection of young (unexposed) 
horses that become new hosts, the virus goes 
into latency again, and the cycle repeats.

Studies have shown that most adult hors-
es are positive for EHV-4. Allen did a study 
of biopsied lymph nodes and found 56% 

of adult horses latently infected with wild  
type EHV-1.

“When I’ve studied latency, I’ve found 80% 
were latently infected,” said Lunn.

Allen estimated the prevalence of the neuro-
logic strain of EHV-1 to be 5-15% of the adult 
population. He thinks foals are infected with 
EHV-1 at 30-120 days of age, which is prior to 
vaccination. Respiratory disease is often asso-
ciated with seroconversion post-weaning. 

A study done on mares and foals in the 
Tuscany region of Italy in 2004 used mares 
vaccinated at five, seven, and nine months 
of gestation, and foals vaccinated at 3 to 6 
months of age. “We found the same results of 
foal infection,” said Lunn. “The killed vaccine 
had no effect on the spread of the virus.

“The notion of preventing infection of 
EHV-1 is not possible,” he concluded. “Her-
pes and R. equi are normal in horses.”

Josie Traub-Dargatz, DVM, MS, Dipl. 
ACVIM, of Colorado State University’s Col-
lege of Veterinary Medicine and Biomedi-
cal Sciences, mentioned from the audience 
a survey done by Colorado State (which 
Lunn headed) of herpesvirus prevalence at 
specific horse shows and sales (sponsored 
by Intervet). That report stated, “Horses at 
equine events can shed EHV-1 and -4. The 
majority of horses detected to be shedding 
were less than 2 years of age, most had no 
history of recent illness, and there were posi-
tives at multiple events.” These were healthy 
horses, and the results showed that one in 
20 were shedding EHV-1 upon arrival, but at 
low levels. There were some horses showing 
clinical signs of respiratory disease found to 
be shedding EHV-4, but this was found less 
frequently than EHV-1. (For more informa-
tion see article #10034.)

Lunn said EHV-1 spreads early and is 
commonly found subclinically in older horse 
populations.

There was some discussion at this point of 
the potential of EHV-2 being reactivated dur-
ing EHV-1 trials and what that might mean. 
Some think other subtypes of EHV (such 
as EHV-2) can cause immunosuppression, 
which might lead to reactivation of more seri-
ous disease-causing subtypes such as EHV-1.

Lunn said that during an outbreak situa-
tion, it is important to use real-time assays 
and use a laboratory designed to handle real-
time testing in large quantities. He said one 
of the problems he encountered during the 
Colorado outbreak of neurologic EHV-1 was 
that not all laboratories are accredited by the 
AALA. “Our small lab (at Colorado State) was 
not set up to do that many (samples),” said 
Lunn. H
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