
+ Models

THE-10624; No of Pages 12
Equine viral arteritis: Current status and prevention
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Abstract

Recently, there has been increased interest in equine viral arteritis (EVA) among veterinarians and horse owners. Outbreaks of

the disease were identified initially in New Mexico, USA in 2006, and in the Normandy region of France in the summer of 2007.

Both occurrences were associated with AI of cool-shipped semen. Each was linked to respiratory illness, neonatal death, abortion,

development of carrier stallions, and cancellation of equestrian events. In light of the increased interest, this paper will present a

brief case history, followed by a review addressing common concerns regarding EVA, current status, and control and prevention

strategies, including vaccination, and recommended bio-security measures.
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1. Case history

Early in the first week of June 2006 on an equine stud

farm in New Mexico, USA, early pregnancy losses were

detected in mares previously confirmed pregnant. The

problem continued, and on June 16 the farm manager

contacted the Maxwell H. Gluck Equine Research

Center, University of Kentucky, to discuss probable

causes [1]. Equine viral arteritis (EVA) was suggested

as a likely cause of the abortions. Of the four stallions

standing at this farm, the first developed fever,

depression and dependant edema, especially of the

scrotum and hind limbs. His fertility decreased, and he

failed to impregnate any mares for the remainder of the

season. Equine arteritis virus (EAV) was subsequently

isolated from the semen of this stallion. Shortly
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thereafter, the stud manager reported that a second

stallion had developed pyrexia; however, his fertility

remained adequate to impregnate mares. Virus-positive

semen was shipped from this stallion to multiple states

within the United States prior to and during the second

and third weeks of June and before the diagnosis of EAV

infection by the Maxwell H. Gluck Center on June 26,

2006 [1]. During this time, two other stallions became

infected. Stallion 3 developed a short-lived fever

without substantial signs of disease, whereas Stallion

4 had neither fever nor clinical signs of disease. Both

stallions subsequently tested positive for EAV in their

semen. In early September 2006, Stallion 1 died from

complications associated with laminitis. Stallion 2

remained persistently infected, shedding virus in his

semen through January 31, 2007, tested negative on

multiple virus isolation attempts in March 2007, and

had three negative test breedings in July 2007. Stallion 3

tested positive through January 9, 2007, tested negative

on multiple virus isolation attempts in February 2007,

and had three negative test breedings in July 2007.

Stallion 4 remains persistently infected, shedding
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infectious virus in his semen as of December, 2007

[Murray J. personal communication]. Also associated

with the outbreak were 30 abortions, involving

approximately half of the exposed pregnant mares on

the farm with the index case.

The virus was disseminated to farms in 18 states,

either via cool-shipped semen (48 mares) or mare

transport (20 mares and foals) before the spread was

controlled by quarantine and close surveillance [1]. A

substantial spread point occurred in Utah via cool-

shipped semen transport and subsequent animal move-

ment; this resulted in respiratory illness, abortion,

neonatal pneumonia, and death [1]. These outbreaks

were finally controlled by quarantines and close

surveillance.

2. Introduction

An extensive outbreak of equine viral arteritis that

occurred in Kentucky Thoroughbreds in 1984 generated

widespread interest, publicity and concern [2–5]. A

number of other outbreaks of the disease have since

been reported from North America and Europe [5–10].

Similarly, equine arteritis virus infection of horses has

been identified in countries including Australia, New

Zealand, and South Africa, previously thought to be

largely or completely free of the virus [11–14].

Serological surveys have shown that EAV infection

occurs among horses in North and South America,

Europe, Australasia, Africa, and Asia [15], with

considerable variation in seroprevalence of EAV

infection among countries and within equine popula-

tions in some countries.

In the summer and fall of 2006, related to the use of

cool-shipped semen for AI, EVA was identified in New

Mexico and five other states, in association with abortion,

respiratory disease, neonatal illness, and the development

of the carrier state in an additional number of American

Quarter Horse stallions (numerically the largest equine

breed in the USA) reported at the 2006 Annual Meeting

of the United States Animal Health Association, ‘‘of

overriding importance was the ease with which infection

was very effectively spread among an immunologically

naı̈ve population through the use of semen from a stallion

acutely and later, persistently infected with EAV. This

occurrence of EVA was the first in which there was

widespread dissemination of EAV in Quarter Horses, a

breed essentially not previously exposed to this virus’’

[1]. Most recently, in the summer and fall of 2007, the

disease occurred on breeding farms in the Normandy

region of France including the national stud, the Haras

du Pin, where the infection was first diagnosed in a
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Percheron stallion. Within a week, other stallions

developed clinical signs of the disease. This outbreak,

which was also linked to AI of cool-shipped semen,

eventually affected 26 farms, resulting in illness, neonatal

death, abortion, development of persistently infected

stallions, and cancellation of equestrian events [16]. The

following review will address some of the common

concerns with regard to EVA, its etiology, epidemiology,

pathogenesis, pathology, clinical findings, diagnosis,

transmission risks, control and prevention, including

vaccination and recommended bio-security measures.

3. Etiology

Due to the distinctive inflammation in the muscle

wall of small arteries in the acute phase of the infection,

the virus is called equine arteritis virus and the disease

it causes, EVA [15–17]. Equine arteritis virus is the

prototype virus in the family Arteriviridae (genus

Arterivirus, order Nidovirales), which also includes

porcine respiratory and reproductive syndrome virus

(PRRSV), lactate dehydrogenase-elevating virus, and

simian hemorrhagic fever virus [18,19]. It is an

enveloped, single-stranded, positive-sense, RNA mole-

cule (Fig. 1) [19,20]. There is only one known serotype

of EAV, but geographically and temporally distinct

strains of EAV differ in the severity of the clinical

disease they induce and in their abortigenic potential

[15,21–29]. Strains of EAV from North America and

Europe share at least 85% nucleotide identity;

following phylogenetic analysis, these viruses gener-

ally segregate into North American and European

geographical groups.

Survival of EAV is temperature dependant; although

it may survive only 20–30 min at 56 8C and from 2 to 3

d at 37 8C, it can survive up to 75 d at 4 8C. Tissue

culture fluid or tissue samples containing EAV can be

stored at �70 8C for years without loss of infectivity

[30]. However, the virus is readily inactivated by lipid

solvents (ether and chloroform) and by common

disinfectants and detergents [31].

4. Epidemiology

Although EVA is a disease almost exclusively of

equids, antibodies to EAV have been identified in

donkeys in South Africa [12,13] and in the USA [32].

Clinical, virological and serological responses of

donkeys have been determined following intranasal

inoculation with the KY-84 strain of equine arteritis

virus. Equine arteritis virus has also been reported

associated with a case of abortion in an alpaca in
ral arteritis: Current status and prevention, Theriogenology
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Fig. 1. Schematic representation of the EAV genome organization and the virus particle (adapted from [30]).
Germany, based on a positive reaction in the polymerase

chain reaction assay [33].

Serological surveys have shown that EAV infection

occurs among horses in North and South America,

Europe, Australasia, Africa, and Asia [15], with

considerable variation in seroprevalence of EAV

infection among countries and within equine popula-

tions in some countries. In that regard, Iceland and

Japan are apparently free of the virus, whereas EAV

infection is relatively common in horses in several

European countries. The seroprevalence of EAV

infection was estimated at 11.3% in Swiss horses,

and 2.3% in English horses, in studies conducted in

1973 [34,35]. Similarly, in 1963 and 1975 [29]

approximately 14% of Dutch horses were seropositive

to EAV, whereas 1.8% of German horses were

seropositive in 1987, increasing to 20% in a subsequent

survey in 1994 [36]. In the USA, the National Animal

Health Monitoring System’s Equine 1998 Study

revealed that only 2.0% of unvaccinated horses in the

U.S. were seropositive to EAV [37]. Similarly, resident

unvaccinated California horses had a seroprevalence to

EAV of only 1.9%, whereas 18.6% of horses imported

into California, most commonly European Warm-

bloods, were seropositive [38].

The seroprevalence of EAV infection varies not only

among countries, but also among breeds, for example,

Standardbred and Thoroughbred horses in the USA

[39,40]. In that regard, infection is endemic among

Standardbred but not Thoroughbred horses in the USA,
Please cite this article in press as: Holyoak GR, et al., Equine vi
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with 77.5–84.3% of all Standardbreds, but only 0–5.4%

of Thoroughbreds being seropositive [15,40,41]. The

seroprevalence of EAV infection in Warmblood

stallions is also very high in a number of European

countries, e.g., 55–93% of Austrian Warmblood

stallions were positive for antibodies to EAV [42,43].

Although breed-specific differences might reflect

inherent genetic differences that confer resistance to

infection, they are more likely reflective of different

cultural and management factors within horse popula-

tions and breeds. Studies have not demonstrated any

breed-specific variation in susceptibility to EAV

infection or in establishment of the carrier state [44].

This was highlighted in the 2007 series of outbreaks of

EVA in France [15], with a wide range of breeds

affected. The number of carrier stallions likely

determines the prevalence of EAV infection within

individual horse breeds and populations. The carrier

state that occurs in persistently infected stallions (30–

70% of those exposed), constitutes the natural reservoir

of EAV, with carrier stallions venereally transmitting

EAV to susceptible mares by natural service or AI

[15,24,39,45]. This was the case in the most recent

occurrences of EVA in the USA and France [1,15]. The

emergence and spread of specific variants of EAV

present in the quasispecies virus population in the

reproductive tract of individual carrier stallions occurs

in EVA outbreaks [22,27,28], however, the mechanisms

involved in selection and emergence of virulent viral

variants remain unclear (Fig. 2).
ral arteritis: Current status and prevention, Theriogenology
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Fig. 2. Transmission of EAV between horses (adapted from [30]).
5. Pathogenesis

Within 2 d after aerosol infection, EAV is rapidly

spread within the lung and bronchial lymph nodes, and

then disseminated throughout the body via the

circulation [46,56]. Virus can be isolated from the

nasopharynx, buffy coat and serum for a variable

duration following intranasal exposure (e.g., isolated

from the nasopharynx and buffy coat for 2–14 d and for

2–21 d, respectively, after infection). Virus typically is

isolated from serum or plasma for 7–9 d; disappearance

of virus from serum coincides with the development of

virus-specific neutralizing antibodies. Virus can be

isolated from a wide variety of tissues and body fluids of

infected horses beginning approximately 1–2 d after

experimental infection by the respiratory route [46].

Apart from infrequent instances where EAV has been

isolated from buffy coat cells for several months after

infection, and from the reproductive tract of colts (>6

mo of age), EAV is not isolated more than 28 d after

infection, except from the semen of carrier stallions

[45,47,14]. While a true EAV carrier state occurs only in

mature stallions, there have been a small number of

cases where the virus has been recovered from the

accessory sex glands for up to 180 d after experimental

infection of pre-pubertal colts [48–51]. The presence of

EAV in the reproductive tract of the infected mare has

not been as well characterized as in the stallion. A study
Please cite this article in press as: Holyoak GR, et al., Equine vi
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at the University of Kentucky documented EAV in

urine, vaginal secretions, and feces [52,53], whereas

studies at Oklahoma State University documented

EAV in ovary, oviduct, oocyte, and uterine secretions

[54].

Vascular injury in EVA likely results from direct

virus-mediated injury to the endothelium and muscu-

laris media of affected vessels. Equine arteritis virus

infects and replicates in endothelial cells and causes

extensive damage to the endothelium and the subjacent

internal elastic lamina, and then gains access to the

media of affected vessels. Vasculitis is characterized by

marked fibrinoid necrosis of small muscular arteries,

with extravasation of erythrocytes and proteinaceous

material into the media, adventitia and perivascular

tissues [17,55,56,49]. The increased vascular perme-

ability and leukocyte infiltration resulting from gen-

eration of chemotactic factors lead to hemorrhage and

edema around these vessels [57,58]. In addition to

endothelial cells (EC), EAV also replicates well in

macrophages (MF) of infected horses. Infection of

cultured equine EC and MF leads to their activation

with increased transcription of genes encoding proin-

flammatory mediators, including IL-1b, IL-6, IL-8, and

TNF-a [59]. Furthermore, virulent and avirulent strains

of EAV induced different quantities of TNF-a and

other proinflammatory cytokines in both infected ECs

and MFs. These studies would indicate that cytokine
ral arteritis: Current status and prevention, Theriogenology
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mediators produced by ECs and MFs have a central role

in the pathogenesis of EVA.

There is evidence that abortion following experi-

mental infection of a pregnant mare with the virulent

horse adapted Bucyrus strain of EAV may be the result

of a lethal fetal infection, rather than myometritis and/or

placental damage impairing progesterone and pregnane

synthesis leading to fetal demise/expulsion [60]. The

tissues of the aborted fetus contained higher titers of

virus than those of its dam, indicating that there was

substantial virus replication in the fetus [60].

6. Clinical findings

There is considerable variation in clinical signs and

their severity in cases of EAV infection [15,26,35,61–

63]. Most infections are subclinical, especially those

that occur in mares bred to many long-term carrier

stallions [15,26,45]. Although there is only one serotype

of EAV, as noted above, the clinical disease produced by

different EAV strains can range in severity (Fig. 3)

[15,60,61,64,65,66]. As with most infectious diseases,

old, debilitated or immunosuppressed horses and very

young foals are predisposed to more severe disease.

Natural outbreaks of clinical disease are characterized
Please cite this article in press as: Holyoak GR, et al., Equine vi
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Fig. 3. Clinical and laboratory findings and sequential pathogenesis of E

chronological occurrence of the respective clinical or laboratory findings and

[30]).
by one or more of the following: abortion in pregnant

mares; fulminant infection in neonates associated with

severe interstitial pneumonia or enteritis; systemic

illness in adult horses; and persistent infection in

stallions. Cases of EVA are characterized by an

incubation period of 2–14 d (6–8 d following venereal

exposure) with the most consistent clinical features of

EAV being pyrexia and leukopenia [15,44,66,67].

Typically, a fever (�41 8C) may continue for 2–9 d,

associated with any combination of the following:

depression and anorexia; conjunctivitis and rhinitis with

nasal and ocular discharge; leukopenia; peri- and

supraorbital edema; dependant edema localizing in the

scrotum, prepuce or mammary glands and limbs

(especially hind limbs); urticaria that may be localized

to sides of the neck or face, or generalized over most of

the body; and abortion [15,67,68]. The clinical signs

observed in natural cases of EVA vary considerably

among individual horses and among outbreaks. These

can be influenced by such factors as the age and

physical condition of the individual, route of exposure,

strain of virus and dose, and environmental conditions

[15,61].

Abortion in pregnant mares is usually not preceded

by premonitory signs and may occur late in the acute
ral arteritis: Current status and prevention, Theriogenology

VA following respiratory infection. Vertical bars correspond to the

the distribution of virus in body tissues and secretions (adapted from
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phase or early in the convalescent phase of the EAV

infection [15,68]. Abortions have been documented

from 3 to over 10 mo of gestation following natural or

experimental infection [15,57,61]. Abortion rates in

outbreaks of EVA have varied from less than 10% to as

high as 50–60% [15].

During acute EVA infection, stallions may undergo a

period of temporary subfertility, associated with reduced

libido and decreases in sperm motility, concentration, and

percentage of morphologically normal sperm. These

changes can persist for up to 16 wk before returning to

pre-exposure levels after experimental EAV infection of

stallions [15,69]. They probably result from increased

scrotal temperature, rather than any direct virus-induced

pathologic effect [69], although pathology may initially

be present during the acute phase of infection [49].

Semen quality is normal in persistently infected stallions,

despite active shedding of the virus into the semen.

Similarly, venereal infection of mares by persistently

infected stallions may result in decreased fertility on the

initial cycle, but it does not appear to result in subsequent

fertility problems [15].

7. Diagnosis

Because clinical EVA resembles various other

infectious and non-infectious diseases of horses [15],

a presumptive diagnosis of EVA should not be based

solely on clinical signs. The differential diagnosis of

EVA includes other viral respiratory tract infections

such as equine herpesviruses 1 and 4, equine influenza

virus, equine rhinitis A and B viruses, equine

adenovirus, and Getah virus [15]. Also to be included

are equine infectious anemia, African horse sickness,

purpura hemorrhagica, urticaria and toxicosis due to

hoary alyssum (Berteroa incana) [15,70]. Histologi-

cally, EVA is characterized by a distinctive arteritis that

can differentiate it from some of these other diseases,

although vasculitis certainly is not pathognomonic and

the severity and distribution of vasculitis varies

markedly. Abortion induced by EAV can also cause a

diagnostic dilemma. Differential diagnoses must

include a number of non-infectious causes and

infectious causes, most notably equine herpesvirus 1

(or rarely 4). Whereas in the case of EHV 1 abortion,

fetuses are typically expelled without any premonitory

signs, are fresh and frequently have characteristic gross

and microscopic lesions, those infected with EAV are

usually partially autolyzed and lack pathognomonic

lesions. Laboratory diagnosis of EVA is currently based

on a combination of virus isolation, viral nucleic acid or

antigen detection, and serology [15].
Please cite this article in press as: Holyoak GR, et al., Equine vi
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The most appropriate specimens for virus isolation

from live horses include nasopharyngeal swabs or

washings, conjunctival swabs and citrated or EDTA

blood samples for separation of buffy coat cells.

Heparinized blood is not suitable for virus isolation

because of the inhibitory effect of heparin on the

isolation of EAV in cell culture [71]. Collection of

semen containing the sperm rich fraction of the

ejaculate is optimal for virus isolation from equine

semen samples [15]. Placenta, fetal fluids, lung, spleen

and lymphoid tissues should be collected for virus

isolation to confirm cases of EAV-induced abortion. A

wide variety of organs and lymph nodes associated with

the alimentary and respiratory tracts should be collected

for virus isolation in suspected cases of ‘‘pneumo-

enteric’’ forms of EVA in neonates [15]. Specimens

should be collected as soon as possible after the onset of

clinical signs or suspected EAV infection, and

nasopharyngeal and conjunctival swabs should be

immediately placed in transported medium (any cell

culture medium or balanced salt solution containing 2–

5% fetal bovine or calf serum) and either refrigerated or,

preferably, frozen at �20 8C or lower [2]. Except for

blood samples, which should be refrigerated, all other

specimens for virus isolation should be packed in ice

and sent via overnight delivery to a laboratory approved

by the USDA National Veterinary Services Laboratory,

Ames, IA, USA.

Immunohistochemistry is a reliable, powerful and

rapid method to diagnose EAV infection in tissues and

occasionally in skin biopsies [73]. An avidin-biotin

complex (ABC) immunoperoxidase staining using

monoclonal antibodies to individual EAV proteins

has been successfully used to detect viral antigens in

formalin-fixed, paraffin-embedded tissues, as well as in

frozen tissues sections [60,72–74].

Several reverse transcription, polymerase chain

reaction (RT-PCR) assays, including, nested RT-PCR

(RT-nPCR) and real-time RT-PCR assays have been

developed for detection of the EAV nucleic acids in cell

culture supernatants and clinical specimens [75–81].

Assays using RT-PCR have several potential advantages

over the current virus isolation procedure. However,

further standardization and validation is absolutely

necessary before RT-PCR is adopted as a reliable

screening assay to evaluate clinical specimens, such as

those from cases of abortion and semen from horses that

are suspect carriers of the virus [82,83].

For serological diagnosis of acute EAV infection,

acute and convalescent sera (paired serum samples)

should be collected 3–4 wk apart, and tested for either

seroconversion or a four-fold or greater increase in
ral arteritis: Current status and prevention, Theriogenology
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serum antibody titer. The virus neutralization assay

remains the gold standard for detection of serum

antibodies to EAV, although several enzyme-linked

immunosorbent assays (ELISAs) have been described

[84–87]. None of these, however, has gained wide-

spread acceptance.

For histopathological examination tissue samples

should be fixed and saved in Modified Davidson’s or

10% neutral buffered formalin.

8. The impact of EVA

A diagnosis of EVA can have profound economic

consequences for both the breeding and performance

sectors of the horse industry. Direct financial losses

resulting from outbreaks of the disease on breeding

farms include: losses due to abortion and/or disease and

death in very young foals; decreased commercial value

of persistently infected stallions; reduced demand to

breed to carrier stallions, due to the added expense and

inconvenience involved in vaccinating and isolating

mares before and after breeding; and denied export

markets for carrier stallions and infected semen [88].

An outbreak of EVA at a racetrack, equestrian event, or

horse show can have considerable impact, due to the

widespread potential for further dissemination of the

virus when horses return to their farm or premises of

origin [1]. This impact may include direct financial

losses such as abortion, pneumonia in newborn foals,

infected stallions, and disruption of training schedules,

reduced competition entries, and event cancellations.

The impact at the international level will affect the trade

of horses and semen, due to denied export opportunities

for carrier stallions and EVA-infective semen [88,89].

In fact, in the case of some countries, all categories of

horses that have antibodies to the virus are affected.

9. Transmission risks

Our role as equine veterinarians is to have sufficient

knowledge of this disease to interrupt the transmission

cycle and establish effective programs for controlling,

preventing and perhaps, eventually eliminating it. These

can be summarized as follows:

Equine arteritis virus infection can be transmitted

among horses in five ways:

� Respiratory: primary route of transmission in acute

cases of infection, common at racetracks, shows,

sales.

� Venereal: the virus shed in the semen of a carrier

stallion (cooled or frozen semen can be infectious).
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� Other bodily secretions: urine, feces, etc.

� In utero: the virus passes across the placenta from an

acutely infected mare to her unborn foal.

� Indirect contamination: tack and/or equipment shared

among horses.

There is a very real risk of EVA being transferred

indirectly via personnel and fomites. Special care

should be taken when handling semen in laboratories

prior to insemination or preparation for shipping.

10. Control and prevention

Equine viral arteritis is a manageable disease.

Effective strategies for control and prevention can be

and have been designed (Fig. 4) [15,90]. These

strategies include:

� Minimizing or eliminating direct or indirect contact

of susceptible horses with the secretions/excretions of

EVA-infected animals.

� Restricting spread of EAV in breeding populations, to

prevent outbreaks of virus-related abortion or illness

in young foals, and to prevent the establishment of the

carrier state in stallions and post-pubertal colts.

� Establish AI industry standards!

* Determine serologic and virologic status of all

stallions contributing semen that will be cool-

shipped or cryopreserved and subsequently used

for AI.

� Prevent the establishment of the carrier state in

stallions and post-pubertal colts.

* Vaccinate colts after 6 mo and prior to 12 mo of

age.

* Prevent the carrier state and the disease may

ultimately be eliminated.

There is a safe and effective EVA vaccine

(Arvac1, Fort Dodge Animal Health).

� This vaccine has been shown to be both safe and

effective for use in stallions, non-pregnant mares,

geldings, fillies, and colts.

� There is no evidence that a vaccinated stallion will

develop the carrier state with vaccine virus.

Vaccination has been successfully used to help

control the spread of this disease [91]. Primary

vaccination affords protection against clinical disease

for several years [92,93]. If initial vaccinates are

exposed to field virus for the first time via venereal or

aerosol transmission, they will probably have a limited

re-infection cycle and be short-term shedders (up to 10
ral arteritis: Current status and prevention, Theriogenology
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Fig. 4. Guidelines and minimum standards for prevention and control of EVA (adapted from [90]) [75].
d) of the field strain virus [52], so should be isolated

from susceptible animals for 21 d. Revaccination

normally results in a pronounced increase in neutraliz-

ing antibody titers and protection against the disease.

10.1. Vaccination

Vaccination strategies include:

� Vaccinate only healthy, non-stressed horses.

� If all horses are not being vaccinated at the same time

on the premises, isolate those being vaccinated from

those not being vaccinated (those remaining serone-

gative). There is a minimal potential for vaccine virus

to be shed and spread to other horses.

� Vaccinate all horses according to the label instruc-

tions. (Note: Not for use in foals less than 6 wk of age,

except in emergency situations when threatened by

natural exposure.)

Guidelines for vaccination of horses against EAV

have been prepared by the American Association of

Equine Practitioners (AAEP) [94] and are presented

below.

10.1.1. Stallions

Breeding stallions, previously vaccinated: Should

receive an annual booster vaccination against EVA
Please cite this article in press as: Holyoak GR, et al., Equine vi
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every 12 mo, and no earlier than 4 wk before the start of

each breeding season.

Breeding stallions, first-time vaccinates: Prior to

initial vaccination, all stallions undergo serologic

testing and are confirmed negative for antibodies to

EAV. Testing should be performed shortly prior to, or

preferably at, the time of vaccination. Negative

certification is of importance, should a vaccinated

stallion be considered for export at a later date. All

first-time vaccinated stallions should be isolated for 4

wk following vaccination before being used for

breeding.

Teasers can play a role in the introduction and

dissemination of EAV within a breeding population.

Vaccination against EVA is recommended on an annual

basis.

Mares to be bred to carrier stallions or to be bred with

virus-infective semen should first be tested to determine

their serological status for EAV antibodies.

Seronegative mares should be vaccinated against

EVA and isolated from any other seronegative horses

for 3 wk. The purpose of the isolation period is twofold:

(1) To enable the vaccinated mare adequate time to

develop immunity against the disease before being

exposed to EAV infection during breeding.

(2) To afford ample opportunity for cessation of post-

vaccinal viral shedding via the respiratory tract.
ral arteritis: Current status and prevention, Theriogenology
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Following insemination, first-time vaccinated mares

must be isolated for an additional 3-wk interval, as they

are likely to experience a limited re-infection cycle with

the strain of EAV present in the semen. Should such

mares fail to become pregnant, they can be bred back to

a carrier stallion or with infective semen without the

need for revaccination or an additional 3-wk isolation

period post-insemination.

Seropositive mares, having tested serologically

positive for antibodies to EAV, can be bred to a carrier

stallion or with infective semen for the first-time

without the need for prior vaccination against EVA.

After breeding, such mares should be physically

separated from unvaccinated or unprotected horses

for 24 h, to avoid possible risk of mechanical

transmission of virus from voided semen.

Pregnant mares: The manufacturer does not recom-

mend use of this vaccine in pregnant mares, especially

in the last 2 mo of pregnancy. Under circumstances of

high risk of natural exposure to infection, the vaccine

has been administered to pregnant mares in order to

control outbreaks of the disease. Based on early

experimental studies and field experiences using this

vaccine, the last 1–2 mo of pregnancy represent the time

of greatest risk for a possible adverse effect on

pregnancy. This was most recently illustrated in the

aftermath of the 2006 multi-state occurrence of EVA,

when a very limited number of abortions caused by the

vaccine virus were confirmed in mares vaccinated

within the final 2 mo of gestation.

Nurse mares can play a role in the introduction and

spread of EAV among resident equine populations and

should be vaccinated annually according to recom-

mended protocols.

Foals: The manufacturer does not recommend use of

this vaccine in foals <6 wk of age, unless under

circumstances of high risk of natural exposure to

infection.

Colt (male) foals: Especially in EAVendemic breeds,

colt foals should be vaccinated between 6 and 12 mo of

age to protect against the risk of their becoming carriers

later in life. Colts should be confirmed seronegative for

antibodies to EAV prior to vaccination as described

above and kept isolated for 3 wk following vaccination.

As foals of EAV-seropositive mares can carry colostral

derived antibodies for up to 6 mo, testing and

vaccination should not be performed prior to 6 mo

of age.

10.1.2. Outbreak mitigation

Non-breeding population: Vaccination is an effective

strategy in containing outbreaks, particularly in con-

G.R. Holyoak et al. / Ther
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gregated groups of horses where isolation may be

problematic. Serology testing, as described above,

should be performed on intact males and females that

may be intended for future breeding purposes and/or

export.

10.2. Summary of prevention and control measures

1. Isolate all new arrivals for 3–4 wk.

2. If at all possible, separate pregnant mares from other

horses.

� Maintain pregnant mares in small groups according

to predicted foaling dates.

3. Determine the infectivity status of all semen used

for AI.

� Prior to each breeding season, have new breeding

stallions tested for evidence for EAV infection.

� Culture semen from all non-vaccinated seroposi-

tive stallions for virus.

4. Vaccinate all non-carrier breeding stallions on an

annual basis.

5. Vaccinate all immature colts after 6 mo and before 12

mo of age.

10.3. Bio-security measures in managing a

persistently infected stallion

Stallion owners and stallion managers should

disclose the shedding status of their stallions to mare

owners, breed associations and, where required, to state

authorities. Persistently infected stallions have been

housed near non-infected stallions for years without

transmission to non-infected stallions, and can be safely

bred to adequately immunized mares or to mares that

have tested serologically positive for neutralizing

antibodies to EAV. This virus is readily killed under

warm environmental conditions, as it is sensitive to

sunlight, and low humidity. However, there has been

one report of stallions becoming infected through

indirect exposure to infective semen from a shedding

stallion [14]. While it was unclear from this paper as to

the exact mode of transmission, it was suggested that

masturbatory emissions may have played a role.

Normally such emissions are primarily pre-ejaculatory

fluid containing little or no virus. A few stallions

are occasionally observed to masturbate to ejaculation

and if a stallion is sedated (e.g., with xylazine or

detomadine), a chemical-induced ejaculation may

occur; those emissions could contain infectious virus.

To prevent aerosolization of contaminated bedding and

to effect killing of the virus should any emissions

occur, bedding can be dampened with a disinfectant.
ral arteritis: Current status and prevention, Theriogenology
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Persistently infected stallions have been safely managed

with the following guidelines:

� Physically isolate any EAV-carrier stallions.

� Observe strict precautions when breeding carrier

stallions or collecting infectious semen, to avoid the

risk of inadvertently transferring infection via indirect

contact.

� Limit breeding carrier stallions to vaccinated mares or

mares with antibodies to EAV following natural

exposure.

* Mares with natural titers only need to be isolated

for 24–48 h after breeding, due to normal voiding

of semen-associated virus.

� Vaccinate mares with negative titers at least 4 wk

prior to breeding to a known carrier stallion or by AI

with infected semen.

� Isolate initial vaccinated mares for 3 wk weeks post-

breeding from all horses, except those known to have

EAV-positive titers.

* It is especially important that these mares do not

have contact with pregnant mares by any route,

aerosol, respiratory and/or indirect contact,

because they may shed field virus during this time.

� Isolate for 24–48 h afterwards for all subsequent

breeding cycles, as with mares with antibodies to

EAV following natural exposure.

11. Conclusions

Effective strategies for the control and prevention of

EVA must be driven by the equine industry and

facilitated by the veterinary profession. It is imperative

that the equine AI industry establish standards. The

primary objective is to restrict the spread of EAV in

breeding populations, detect and appropriately handle

infective semen, thereby preventing outbreaks of virus-

related abortion, illness in young foals, and develop-

ment of the carrier state in stallions and post-pubertal

colts. This can be facilitated by determining the

serologic and virologic status of all stallions contribut-

ing both cool-shipped and cryopreserved semen for AI,

and through the prevention of the carrier state in

stallions and post-pubertal colts by vaccinating colts

between 6 and 12 mo of age.

References

[1] Timoney PJ, Creekmore L, Meade B, Fly D, Rogers E, King B.

Multi-state occurrence of EVA. Report of the Committee on

Infectious Diseases of Horses: Addressing equine viral arteritis

in the United States. In: Proceedings of the one-hundred tenth
Please cite this article in press as: Holyoak GR, et al., Equine vi

(2008), doi:10.1016/j.theriogenology.2008.04.020
annual meeting of the united states animal health association.

Minneapolis, Minnesota: Pat Campbell & Associates and Spec-

trum Press; 2006. p. 354–362.

[2] Timoney PJ. Equine viral arteritis: a disease of emerging sig-

nificance? Equine Vet J 1986;18:166–8.

[3] Timoney PJ, McCollum WH, Roberts AW, et al. Status of equine

viral arteritis in Kentucky, 1985. J Am Vet Med Assoc

1987;191:36–9.

[4] Timoney PJ, McCollum WH, Roberts AW, et al. Status of equine

viral arteritis in Kentucky for 1986. Vet Rec 1987;120:282.

[5] Camm IS, Thursby-Pelham C. Equine viral arteritis in Britain.

Vet Rec 1993;132:615.

[6] Monreal L, Villatoro AJ, Hooghuis H, et al. Clinical features of

the 1992 outbreak of equine viral arteritis in Spain. Equine Vet J

1995;27:301–4.

[7] Wood JL, Chirnside ED, Mumford JA, et al. First recorded

outbreak of equine viral arteritis in the United Kingdom. Vet

Rec 1995;136:381–5.

[8] Higgins AJ. Equine viral arteritis–a challenge for the British

horse industry. Br Vet J 1993;149:305–6.

[9] Higgins A. Equine viral arteritis. Vet Rec 1993;132:591.

[10] Larsen LE, Storgaard T, Holm E. Phylogenetic characterisation

of the G(L) sequences of equine arteritis virus isolated from

semen of asymptomatic stallions and fatal cases of equine viral

arteritis in Denmark. Vet Microbiol 2001;80:339–46.

[11] Huntington PJ, Forman AJ, Ellis PM. The occurrence of equine

arteritis virus in Australia. Aust Vet J 1990;67:432–5.

[12] Paweska JT, Aitchison H, Chirnside ED, et al. Transmission of

the South African asinine strain of equine arteritis virus (EAV)

among horses and between donkeys and horses. Onderstepoort J

Vet Res 1996;63:189–96.

[13] Paweska JT, Binns MM, Woods PS, et al. A survey for antibodies

to equine arteritis virus in donkeys, mules and zebra using virus

neutralisation (VN) and enzyme linked immunosorbent assay

(ELISA). Equine Vet J 1997;29:40–3.

[14] Guthrie AJ, Howell PG, Hedges JF, et al. Lateral transmission of

equine arteritis virus among Lipizzaner stallions in South Africa.

Equine Vet J 2003;35:596–600.

[15] Timoney PJ, McCollum WH. Equine viral arteritis. Vet Clin

North Am Equine Pract 1993;9:295–309.

[16] International Collating Center, Interim report, France equine

viral arteritis, animal health trust, information exchange on

infectious equine disease. http://www.aht.org.uk/icc/link-

sicc.html; June 2007.

[17] Doll ER, Bryans JT, McCollum WH, et al. Isolation of a

filterable agent causing arteritis of horses and abortion by mares;

its differentiation from the equine abortion (influenza) virus.

Cornell Vet 1957;47:3–41.

[18] Cavanagh D. Nidovirales: a new order comprising Coronaviridae

and Arteriviridae. Arch Virol 1997;142:629–33.

[19] Snijder EJ, Meulenberg JJ. The molecular biology of arteri-

viruses. J Gen Virol 1998;79(Pt 5):961–79.

[20] Snijder EJ, Meulenberg JJ. Arteriviruses, Fourth ed., Philadel-

phia (PA) USA: Lippincott Williams & Wilkins; 2001.

[21] McCollum WH, Timoney PJ, Lee Jr JW, Habacker PL, Balasur-

iya UBR, MacLachlan NJ. Features of an outbreak of equine

viral arteritis on a breeding farm associated with abortion and

fatal interstitial pneumonia in neonatal foals. In: Proceeding of

the eight international conference (equine infectious diseases

VIII). 1998. p. 559–60.

[22] Balasuriya UB, Hedges JF, Nadler SA, et al. Genetic stability of

equine arteritis virus during horizontal and vertical transmission
ral arteritis: Current status and prevention, Theriogenology

http://www.aht.org.uk/icc/linksicc.html
http://www.aht.org.uk/icc/linksicc.html
http://dx.doi.org/10.1016/j.theriogenology.2008.04.020


G.R. Holyoak et al. / Theriogenology xxx (2008) xxx–xxx 11

+ Models

THE-10624; No of Pages 12
in an outbreak of equine viral arteritis. J Gen Virol 1999;80(Pt

8):1949–58.

[23] Patton JF, Balasuriya UB, Hedges JF, et al. Phylogenetic char-

acterization of a highly attenuated strain of equine arteritis virus

from the semen of a persistently infected standardbred stallion.

Arch Virol 1999;144:817–27.

[24] Balasuriya UB, Evermann JF, Hedges JF, et al. Serologic and

molecular characterization of an abortigenic strain of equine

arteritis virus isolated from infective frozen semen and an

aborted equine fetus. J Am Vet Med Assoc 1998;213. 1586–

1589, 1570.

[25] Murphy TW, McCollum WH, Timoney PJ, et al. Genomic

variability among globally distributed isolates of equine arteritis

virus. Vet Microbiol 1992;32:101–15.

[26] McCollum WH, Timoney PJ. Experimental observations on the

virulence of isolates of equine arteritis virus. In: Proceedings of

the eighth international conference (equine infectious diseases

VIII); 1998. p. 558–9.

[27] Balasuriya UB, Timoney PJ, McCollum WH, et al. Phylogenetic

analysis of open reading frame 5 of field isolates of equine arteritis

virus and identification of conserved and nonconserved regions in

the GL envelope glycoprotein. Virology 1995;214:690–7.

[28] Stadejek T, Bjorklund H, Bascunana CR, et al. Genetic diversity

of equine arteritis virus. J Gen Virol 1999;80(Pt 3):691–9.

[29] Zhang J, Miszczak F, Pronost S, Fortier C, Balasuriya UB,

Zientara S, et al. Genetic variation and phylogenetic analysis

of 22 French isolates of equine arteritis virus. Arch Virol

2007;152:1977–94.

[30] Balasuriya UB, MacLachlan NJ. Equine viral arteritis. In:

Balasuriya Udeni Bei, MacLachlan N a, editors. Equine infec-

tious diseases. 2007. p. 153–64 (Chapter 14).

[31] Shirai J, Kanno T, Tsuchiya Y, Mitsubayashi S, Seki R. Effects of

chlorine, iodine, and quaternary ammonium compound disin-

fectants on several exotic disease viruses. J Vet Med Sci

2000;62:85–92.

[32] McCollum WH, Timoney PJ, Tengelsen LA. Clinical, virologi-

cal and serological responses of donkeys to intranasal inocula-

tion with the KY-84 strain of equine arteritis virus. J Comp Path

1995;112:207–11.

[33] Weber H, Beckmann K, Haas L. Case report: equine arteritis

virus (EAV) as the cause of abortion in alpacas? Dtsch Tierarztl

Wochenschr 2006;113:162–3.

[34] de Boer GF, Osterhaus AD, van Oirschot JT, et al. Prevalence of

antibodies to equine viruses in the Netherlands. Tijdschr Dier-

geneeskd 1979;104(Suppl.):65–74.

[35] Glaser AL, de Vries AA, Rottier PJ, et al. Equine arteritis virus: a

review of clinical features and management aspects. Vet Q

1996;18:95–9.

[36] Eichhorn W, Heilmann M, Kaaden OR. Equine viral arteritis

with abortions: serological and virological evidence in Germany.

Zentralbl Veterinarmed B 1995;42:573–6.

[37] Anonymous. NAHMS. Equine Viral Arteritis (EVA) and the US

Horse Industry. Fort Collins, CO: USDA:APHIS:VS, CEAH,

National Animal Health Monitoring System; 2000.

[38] Hullinger PJ, Gardner IA, Hietala SK, et al. Seroprevalence of

antibodies against equine arteritis virus in horses residing in the

United States and imported horses. J Am Vet Med Assoc

2001;219:946–9.

[39] Timoney PJ, McCollum WH, Murphy TW, et al. The carrier state

in equine arteritis virus infection in the stallion with specific

emphasis on the venereal mode of virus transmission. J Reprod

Fertil Suppl 1987;35:95–102.
Please cite this article in press as: Holyoak GR, et al., Equine vi

(2008), doi:10.1016/j.theriogenology.2008.04.020
[40] Timoney PJ. Equine viral arteritis: epidemiology and control. J

Equine Vet Sci 1988;8:54–9.

[41] McCollum WH, Bryans JT. Serological identification of infec-

tion by equine arteritis virus in horses of several countries. In:

Proceeding of the 3rd International Conference of Equine

Infectious Diseases. 1973. p. 256–63.

[42] Moraillon A, Moraillon R. Results of an epidemiological inves-

tigation on viral arteritis in France and some other European and

African countries. Ann Rech Vet 1978;9:43–54.

[43] Burki FH, Nowotny N. Objective data plead to suspend import-

bans for seroreactors against equine arteritis virus except for

breeder stallions. J Appl Anim Res 1992;1:31–42.

[44] Timoney PJ, McCollum WH. Equine viral arteritis: current

clinical and economic significance. In: Proc AAEP; 1990.

[45] Timoney PJ, McCollum WH, Roberts AW, et al. Demonstration

of the carrier state in naturally acquired equine arteritis virus

infection in the stallion. Res Vet Sci 1986;41:279–80.

[46] McCollum WH, Prickett ME, Bryans JT. Temporal distribution

of equine arteritis virus in respiratory mucosa, tissues and body

fluids of horses infected by inhalation. Res Vet Sci 1971;12:

459–64.

[47] Neu SM, Timoney PJ, McCollum WH. Persistent infection of the

reproductive tract in stallions experimentally infected with

equine arteritis virus. In: Proceedings of the 5th International

Conference Equine infectious diseases; 1987. p. 149–54.

[48] Holyoak GR, Little TV, McCollum WH, et al. Relationship

between onset of puberty and establishment of persistent infec-

tion with equine arteritis virus in the experimentally infected

colt. J Comp Pathol 1993;109:29–46.

[49] Holyoak GR, Giles RC, McCollum WH, et al. Pathological

changes associated with equine arteritis virus infection of the

reproductive tract in prepubertal and peripubertal colts. J Comp

Pathol 1993;109:281–93.

[50] Little TV, Holyoak GR, McCollum WH, Timoney PJ. Output of

equine arteritis virus from persistently infected stallions is

testosterone dependent. In: Proceedings of the 6th international

conference on equine infectious diseases; 1991. p. 225–9.

[51] McCollum WH, Little TV, Timoney PJ, et al. Resistance of

castrated male horses to attempted establishment of the carrier

state with equine arteritis virus. J Comp Pathol 1994;111:383–8.

[52] McCollum WH, Timoney PJ, Roberts AW, Willard JE, Carswell

GD. Response of vaccinated and non-vaccinated mares to arti-

ficial insemination with semen from stallions persistently

infected with equine arteritis virus. In: Proceedings of 5th

international conference on equine infectious diseases; 1987.

p. 13–8.

[53] McCollum WH, Timoney PJ. The pathogenic qualities of the

1984 strain of equine arteritis virus. In: Proceedings of the

Grayson Foundation International Conference of Throughbreed

Breeders Organization; 1984. p. 34–47.

[54] Holyoak GR, Knight-Sherod J, Timoney PJ, McCollum WH, Spatz

M. The presence of equine arteritis virus in reproductive tract

tissues and follicular fluid from experimentally infected mares.

Society for Theriogenology, Annual Conference; 2001:p. 6.

[55] Jones TC, Doll ER, Bryans JT. The lesions of equine viral

arteritis. Cornell Vet 1957;47:52–68.

[56] Henson JB, Crawford TB. The pathogenesis of virus-induced

arterial disease–Aleutian disease and equine viral arteritis. Adv

Cardiol 1974;13:183–91.

[57] Coignoul FL, Cheville NF. Pathology of maternal genital tract,

placenta, and fetus in equine viral arteritis. Vet Pathol 1984;21:

333–40.
ral arteritis: Current status and prevention, Theriogenology

http://dx.doi.org/10.1016/j.theriogenology.2008.04.020


G.R. Holyoak et al. / Theriogenology xxx (2008) xxx–xxx12

+ Models

THE-10624; No of Pages 12
[58] Estes PC, Cheville NF. The ultrastructure of vascular lesions in

equine viral arteritis. Am J Pathol 1970;58:235–53.

[59] Moore BD, Balasuriya UB, Watson JL, et al. Virulent and

avirulent strains of equine arteritis virus induce different quan-

tities of TNF-alpha and other proinflammatory cytokines in

alveolar and blood-derived equine macrophages. Virology

2003;314:662–70.

[60] MacLachlan NJ, Balasuriya UB, Rossitto PV, et al. Fatal experi-

mental equine arteritis virus infection of a pregnant mare:

immunohistochemical staining of viral antigens. J Vet Diagn

Invest 1996;8:367–74.

[61] Vaala WE, Hamir AN, Dubovi EJ, et al. Fatal, congenitally

acquired infection with equine arteritis virus in a neonatal

thoroughbred. Equine Vet J 1992;24:155–8.

[62] Del Piero F, Wilkins PA, Lopez JW, et al. Equine viral arteritis in

newborn foals: clinical, pathological, serological, microbiologi-

cal and immunohistochemical observations. Equine Vet J

1997;29:178–85.

[63] McCollum WH, Swerczek TW. Studies of an epizootic of equine

viral arteritis in race horses. Equine Vet J 1978;2:293–9.

[64] McCollum WH. Pathologic features of horses given avirulent

equine arteritis virus intramuscularly. Am J Vet Res 1981;42:

1218–20.

[65] McCollum WH, Timoney PJ. Experimental observation on the

virulence of isolates of equine arteritis virus. In: Proceedings of

the Eighth Int Conf Equine Infect Dis; 1999. p. 558–9.

[66] Bryans JT, Crowe ME, Doll ER, et al. The blood picture and

thermal reaction in experimental viral arteritis of horses. Cornell

Vet 1957;47:42–52.

[67] Balasuriya UBR, Dobbeb JC, Heidner HW, Snijder EJ, MacLa-

chlan NJ. Characterization of the virulence determinants of

equine arteritis virus using an infectious cDNA clone derived

from the virulent Bucyrus strain.. In: Xth International Nidovirus

Symposium; 2005.

[68] Doll ER, Knappenberger RE, Bryans JT. An outbreak of abortion

caused by the equine arteritis virus. Cornell Vet 1957;47:69–75.

[69] Neu SM, Timoney PJ, Lowry SR. Changes in semen quality

following experimental equine arteritis virus infection in the

stallion. Theriogenology 1992;37:407–31.

[70] McCollum WH, Ozawa Y, Dardiri AH. Serologic differentiation

between African horse-sickness and equine arteritis. Am J Vet

Res 1970;31:1963–6.

[71] Asagoe T, Inaba Y, Jusa ER, et al. Effect of heparin on

infection of cells by equine arteritis virus. J Vet Med Sci

1997;59:727–8.

[72] Del Piero F. Diagnosis of equine arteritis virus infection in two

horses by using monoclonal antibody immunoperoxidase his-

tochemistry on skin biopsies. Vet Pathol 2000;37:486–7.

[73] Del Piero F. Equine viral arteritis. Vet Pathol 2000;37:287–96.

[74] Lopez JW, del Piero F, Glaser A, et al. Immunoperoxidase

histochemistry as a diagnostic tool for detection of equine

arteritis virus antigen in formalin fixed tissues. Equine Vet J

1996;28:77–9.

[75] Chirnside ED, Spaan WJ. Reverse transcription and cDNA

amplification by the polymerase chain reaction of equine arteritis

virus (EAV). J Virol Methods 1990;30:133–40.

[76] St-Laurent G, Morin G, Archambault D. Detection of equine

arteritis virus following amplification of structural and nonstruc-

tural viral genes by reverse transcription-PCR. J Clin Microbiol

1994;32:658–65.

[77] Sekiguchi K, Sugita S, Fukunaga Y, et al. Detection of equine

arteritis virus (EAV) by polymerase chain reaction (PCR) and
Please cite this article in press as: Holyoak GR, et al., Equine vi

(2008), doi:10.1016/j.theriogenology.2008.04.020
differentiation of EAV strains by restriction enzyme analysis of

PCR products. Arch Virol 1995;140:1483–91.

[78] Gilbert SA, Timoney PJ, McCollum WH, et al. Detection

of equine arteritis virus in the semen of carrier stallions by

using a sensitive nested PCR assay. J Clin Microbiol 1997;35:

2181–3.

[79] Balasuriya UB, Leutenegger CM, Topol JB, et al. Detection of

equine arteritis virus by real-time TaqMan reverse transcription-

PCR assay. J Virol Methods 2002;101:21–8.

[80] Westcott DG, King DP, Drew TW, et al. Use of an internal

standard in a closed one-tube RT-PCR for the detection of equine

arteritis virus RNA with fluorescent probes. Vet Res 2003;34:

165–76.

[81] Ramina A, Dalla Valle L, De Mas S, et al. Detection of equine

arteritis virus in semen by reverse transcriptase polymerase chain

reaction-ELISA. Comp Immunol Microbiol Infect Dis 1999;22:

187–97.

[82] Lu Z, Branscum A, Shuck KM, Zhang J, Dubovi E, Timoney PJ,

et al. Comparison of two real-time reverse transcription poly-

merase chain reaction assays for the detection of equine arteritis

virus nucleic acid in equine semen and tissue culture fluid. J Vet

Diagn Invest 2008;20(2):147–55.

[83] Go YY, Wong SJ, Branscum A, et al. Development of a

fluorescent microsphere immunoassay for detection of antibo-

dies specific to Equine Arteritis Virus and comparison with the

virus neutralization test. Clin Vaccine Immunol; 2007 Nov

21[Epub ahead of print].

[84] Cook RF, Gann SJ, Mumford JA. The effects of vaccination with

tissue culture-derived viral vaccines on detection of antibodies to

equine arteritis virus by enzyme-linked immunosorbent assay

(ELISA). Vet Microbiol 1989;20:181–9.

[85] Chirnside ED, Francis PM, de Vries AA, et al. Development and

evaluation of an ELISA using recombinant fusion protein to

detect the presence of host antibody to equine arteritis virus. J

Virol Methods 1995;54:1–13.

[86] Wagner HM, Balasuriya UB, MacLachlan JN. The serologic

response of horses to equine arteritis virus as determined by

competitive enzyme-linked immunosorbent assays (c-ELISAs)

to structural and non-structural viral proteins. Comp Immunol

Microbiol Infect Dis 2003;26:251–60.

[87] Cho HJ, Entz SC, Deregt D, et al. Detection of antibodies to

equine arteritis virus by a monoclonal antibody-based blocking

ELISA. Can J Vet Res 2000;64:38–43.

[88] Timoney PJ. Factors influencing the international spread of

equine diseases. Vet Clin North Am Equine Pract 2000;16:

537–51.

[89] Timoney PJ. The increasing significance of international trade in

equids and its influence on the spread of infectious diseases. Ann

N Y Acad Sci 2000;916:55–60.

[90] Anonymous. Equine viral arteritis uniform methods and rules

effective April 19, 2004. USDA-APHIS, 2004:1–19.

[91] Timoney PJ, McCollum WH. Equine Viral Arteritis – epide-

miology and control. J Eq Vet Sci 1988;8:54–9.

[92] McCollum WH. Development of a modified virus strain and

vaccine for equine viral arteritis. J Am Vet Med Assoc

1969;155:318–22.

[93] McCollum WH. Responses of horses vaccinated with avirulent

modified-live equine arteritis virus propagated in the E. Derm

(NBL-6) cell line to nasal inoculation with virulent virus. Am J

Vet Res 1986;47:1931–4.

[94] American Association of Equine Practitioners. 4075 Iron Works

Parkway, Lexington, KY 40511; http://www.aaep.org/eva.htm.
ral arteritis: Current status and prevention, Theriogenology

http://www.aaep.org/eva.htm
http://dx.doi.org/10.1016/j.theriogenology.2008.04.020

	Equine viral arteritis: Current status and prevention
	Case history
	Introduction
	Etiology
	Epidemiology
	Pathogenesis
	Clinical findings
	Diagnosis
	The impact of EVA
	Transmission risks
	Control and prevention
	Vaccination
	Stallions
	Outbreak mitigation

	Summary of prevention and control measures
	Bio-security measures in managing a persistently infected stallion

	Conclusions
	References


