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Abstract
Equine herpesvirus-1 (EHV-1) is a highly prevalent and frequently pathogenic infec-

2College of Veterinary Medicine, University of

Georgia, Athens, Georgia, USA . . . .. . . .
5 tion of equids. The most serious clinical consequences of infection are abortion and
College of Veterinary Medicine, North

Carolina State University, Raleigh, North
Carolina, USA

equine herpesvirus myeloencephalopathy (EHM). The previous consensus statement

was published in 2009 and considered pathogenesis, strain variation, epidemiology,
“Maxwell H. Gluck Equine Research Center,

University of Kentucky, College of Agriculture,
Food and Environment, Lexington,
Kentucky, USA

Snstitut fir Virologie, Freie Universitat Berlin,
Berlin, Germany

4School of Veterinary Medicine, University of
California, Davis, California, USA

7College of Veterinary Medicine, Michigan
State University, Veterinary Medical Center,
East Lansing, Michigan, USA

Correspondence

David P. Lunn, School of Veterinary Science,
University of Liverpool, Leahurst Campus,
Chester High Road, CH64 7TE,

United Kingdom.

Email: paul.lunn@liverpool.ac.uk

diagnostic testing, vaccination, outbreak prevention and control, and treatment. A
recent survey of American College of Veterinary Internal Medicine large animal diplo-
mates identified the need for a revision to this original consensus statement. This
updated consensus statement is underpinned by 4 systematic reviews that addressed
key questions concerning vaccination, pharmaceutical treatment, pathogenesis, and
diagnostic testing. Evidence for successful vaccination against, or effective treatment
of EHV-1 infection was limited, and improvements in experimental design and
reporting of results are needed in future studies of this important disease. This con-

sensus statement also updates the topics considered previously in 2009.
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1 | INTRODUCTION

Equine herpesvirus-1 (EHV-1, renamed: equid alphaherpesvirus-1)
infection is thought to be ubiquitous in equine populations through-
out the world. Infection can occur in the first months of life* and may
result in the establishment of presumably lifelong latent infection. Pri-
mary infection, or reactivation of latent infection during periods of
stress, causes clinical disease including rhinopneumonitis, epidemic
abortion in late gestation, neonatal foal death, and equine herpesvirus
myeloencephalopathy (EHM).2> The ACVIM commissioned an EHV-1
consensus statement in 2009,° and there have been a series of inter-
national workshops focused on the virus, the most recent of which
was in 2018.7 Although scientific investigation of the pathogenesis of
diseases like EHM and their prevention continues, so do frequent out-
breaks of disease in populations of horses across the world, including
major outbreaks that have devastating effects on equine health and
the equine industry.®?

The ongoing global effects of EHM led to the ACVIM Board of
Regents charging the authors to revise the EHV-1 consensus state-
ment. The original EHV consensus statement was a literature review,
structured around addressing a series of questions.® The 9 questions
addressed by the 2009 consensus statement and key messages are
provided in Table 1. Some, but not all, of the answers to these ques-
tions that were provided in the 2009 consensus statement remain
valid today. For example, factors to consider in controlling disease
caused by EHV-1 and best practices in response to an infection out-
break remain largely unchanged. In other cases, our scientific under-
standing of EHV-1 infection in horses has improved resulting in
updated messaging to equine practitioners. Our updates to these orig-
inal 9 questions are included in this revised consensus statement.

This revision uses a more rigorous evidence-based approach that
relies heavily on formal systematic review methodologies. This report
describes our approaches and major findings from our literature
reviews. We consider the implications for the findings of the first con-
sensus statement, and we provide suggestions for future investigation

and research.

1.1 | Approach

The authors used an online survey tool to poll the Large Animal
Internal Medicine (LAIM) ACVIM Diplomates to identify important
challenges when managing EHV-1 infection. Fifty-one responses
were received. Respondents were asked to evaluate the importance
of the 9 questions addressed in the original EHV-1 consensus
statement,® all of which were ranked as important by 82% to 96% of
respondents. Half of the respondents also suggested additional high-
and medium-priority questions, and these responses were coded to
identify themes. The authors of this consensus statement analyzed
the responses and developed the following 4 high priority research
guestions that were judged to best address the challenges identified
in the survey of LAIM ACVIM Diplomates:
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1. Question 1: Does vaccination protect against EHV-1 infection and
disease?®

2. Question 2: Are pharmacologic treatments effective in managing
EHV-1 infection?**

3. Question 3: Does the degree of viremia correlate with the occur-
rence of abortion or EHM?*2

4. Question 4: What is the best sampling strategy to detect EHV-1

infection?®

1.2 | Conduct of the reviews
Individual scoping and problem formulation steps were performed for
each research question. Scoping considered stakeholder input from
the survey and existing literature to determine the type of information
available on the topic and to identify critical data gaps. Problem for-
mulation helped refine the research questions and led to the develop-
ment of Population, Intervention, Comparator, and Outcome (PICO)
statements, inclusion and exclusion criteria, determined the type of
evaluations to be performed, and identified the methods to be used for
data management and extraction. Formal systematic reviews were per-
formed to address Research Questions 1-3. The remaining research
question was addressed using a narrative review approach that included
multiple systematic review elements. The systematic reviews followed
the PRISMA (Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) statement guidelines.*

Briefly, separate research protocols were developed for each review.
A trained medical librarian (P. Gross) conducted literature searches of
multiple databases for each review. Our reviews only considered peer-
reviewed publications in any language and without restriction to publica-
tion date. We did not include conference proceedings, technical reports,
and other “gray” literature in our reviews. All citations were imported
into Covidence systematic review software (Veritas Health Innovation,
Melbourne, Australia) for screening by the research team. Screening was
performed independently by 2 members of the research team. Citations
were screened initially using review-specific inclusion and exclusion cri-
teria against material provided in the citation's title and abstract. Cita-
tions that were selected for the second tier of screening were evaluated
using the full text of the study. Relevant data from citations that met an
individual review's inclusion criteria were extracted. Studies included in
our systematic reviews were evaluated for study quality using appropri-
ate risk of bias assessment tools. Two systematic reviews that addressed
the efficacy of vaccines and pharmacologic interventions were also evalu-
ated using the Grading of Recommendations, Assessment, Development,
and Evaluation (GRADE) approach to assess the strength of evidence for
any finding.*> We adapted the GRADE approaches developed for animal
studies by the National Institute of Environmental Health Sciences Office
of Health Assessment and Translation and the National Academies of Sci-
ences, Engineering, and Medicine.1*!” Meta-analyses were also performed
to evaluate the efficacy of vaccines for different health outcomes.2® Addi-
tional information regarding the methods and findings of the 4 reviews

are available in the individual manuscripts.*%3
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TABLE 1 Questions and main conclusions in the 2009 EHV-1 consensus statement.

Question

How and why does equine herpesvirus-1 (EHV-1)
infection target the pregnant uterus and CNS? Why
do some horses but not others develop neurological
disease?

What are the clinical implications of the DNA,, single-
nucleotide polymorphism (SNP) (D75, versus N7s5)?

What does the most current data tell us about EHV-1
epidemiology, and the prevalence of strain variants?

What are the risk factors for horses for respiratory,
abortigenic, or neurologic disease caused by EHV-1?

What kinds of viral detection tests should | select for
diagnosis, prognosis, and screening of horses for
EHV-1 and its strains?

How and when should | use current commercially
available vaccines to control EHV-1 infection and
disease?

What are the key factors to consider in controlling
disease caused by EHV-1?

Main conclusions

Primary EHV-1 infection occurs in epithelial cells of the upper respiratory tract
(URT), with cell-to-cell spread leading to infection of URT lymph nodes within
24 to 48 hours. A mononuclear cell-associated viremia follows and can last up
to 14 days. Nasal viral shedding typically ends by 10 to 14 days after infection.
The viremia can infect endothelial cells of both the spinal cord resulting in
equine herpesvirus myeloencephalopathy (EHM) or the pregnant uterus,
resulting in abortion in the third trimester. The underlying pathogenesis is
similar for both EHM and abortion. Incidence rates of EHM and abortion in
infected horses are approximately 10% and 250%, respectively. The factors that
lead to development of EHM are poorly understood, but in experimental
infection studies, it occurs at much higher rates in old horses (18 years+).

There is evidence of an association between a SNP in the DNA polymerase
(DNApol) gene, leading to D752 and N752 biovars, which have been more often
associated with EHM, and abortion, respectively. However, this association is
not absolute and may be influenced by the relative prevalence of each strain in
different populations. As a result, DNApol genotype is not relevant to the
management and prevention of EHV-1 disease outbreaks.

Reactivation from latency, with shedding and transmission to susceptible hosts are
critical features of the epidemiology of EHV-1 infection. Primary EHV-1
infection occurs in the early months of life and may occur because of viral
reactivation in latently infected mares. When horses are first infected, latency is
established in both the lymphoreticular system and in the trigeminal ganglion.
Clinicians should presume that most horses are latently infected with EHV-1.
Subclinical shedding of EHV-1 is relatively infrequent.

Risk factors that influence the size and clinical presentation of EHV-1 disease
outbreaks include viral, host, and environmental factors. The presence of both
EHV-1 (eg, from an infected shedding horse) and susceptible horses is a
prerequisite. Host factors also include breed, sex, reproductive status, and age.
Younger horses (<2 years old) are at increased risk of developing respiratory
disease, whereas older horses at increased risk of developing EHM. Abortion is
largely restricted to the last trimester of pregnancy. Weaning, commingling,
transportation, concurrent infections, and other stressors may increase infection
rates. The role of immunity and EHM risk remains uncertain. Environmental
factors include season with most EHM outbreaks occurring in late autumn,
winter, and spring. Geographical region also appears to be associated with the
development of EHM.

General recommendations for documenting an active EHV-1 infection include the
use of uncoagulated blood and nasal swab samples for quantitative real-time
PCR assays. These samples can be used for virus isolation of EHV-1 when
clinical signs and PCR results are suggestive of infection. Paired-serum samples
collected 15 to 21 days apart for serology—VN assay and ELISA for specific
virus antigen, can provide presumptive evidence of EHV-1 infection. In the
absence of clinical signs consistent EHV-1 infection, use of current diagnostic
methods, including real-time PCR, as a screening test is not recommended.

Protection against EHV-1 may require a combination of mucosal and systemic
immune responses including both neutralizing antibody and CTL responses.
Vaccination remains the optimal means to prevent infectious diseases; however,
there is no evidence that vaccines prevent EHM, although there is some
evidence for protection against abortion. Vaccination can be expected to reduce
nasopharyngeal virus shedding during an outbreak and thereby limit the spread
of infection.

Control measures include those designed to prevent or reduce the likelihood of
outbreaks, and those designed to limit the spread of disease when an outbreak
occurs. For example, measures used to prevent abortion or neurologic disease in
pregnant mares include segregation of pregnant mares from other horses,
isolation of all mares entering a stud facility for at least 3 weeks, subdivision of
pregnant mares into small physically separated groups for the duration of
gestation, maximize herd immunity through vaccination, and stress reduction.
Similar measures can be applied to other horse populations.
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TABLE 1 (Continued)

Question

What are the key things | need to know as | plan for, and
respond to, an outbreak of clinical EHV-1 infection?

What therapeutic modalities are useful for treating
EHM, beyond supportive and symptomatic care?
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Main conclusions

The priorities for management of an outbreak of EHV-1 are early diagnosis,
prevention of further viral spread including disinfection of contaminated areas,
isolation of infected horses and enhanced biosecurity to reduce the spread of
infection, and management of clinical cases. Air-borne, direct contact, and
fomite transmission and contact with aborted fetuses, fetal membranes, and
infected neonates are important modes of transmission. In the face of an EHV-1
outbreak, vaccination can be used in horses at increased risk of exposure in the
hope it may reduce spread of infectious virus. A period of 28 days after the
occurrence of any new cases of EHV-1 infection is recommended for the lifting
of quarantine. Alternative strategies such as a 14-day quarantine period
followed by testing all horses by real-time PCR analysis of nasal swabs for 2 to 4
consecutive days, along with twice daily monitoring of rectal temperatures has
also been used. Horses that are dispersed to other stables should be
quarantined on arrival and their health monitored. Virus in the environment is
very unlikely to survive in an infectious form 21 days after depopulation of
horses.

The treatment of horses with EHM involves empiric supportive care. The use of
corticosteroids is reserved for EHM cases presenting in recumbency or with
severe ataxia, in which the prognosis is guarded for survival. There is limited
scientific rationale for the use of immunomodulators. Some antiviral drugs
including the thymidine kinase inhibitor acyclovir have demonstrated in vitro
efficacy against EHV-1. However, evidence-based studies of the value of
antiviral drugs in the prevention and treatment of EHV-1 infection are lacking.
Acyclovir after a single oral administration to adult horses is associated with
high variability in serum acyclovir-time profiles and poor bioavailability.
Bioavailability of valacyclovir is higher, although its impact on treatment

outcome is unknown.

2 | FINDINGS OF THE REVIEWS

Several global findings are worth noting. Our reviews relied heavily on
experimental studies. These experiments varied by age of animals,
reproductive status, breed of horses, strain of EHV-1 used in chal-
lenges, types of interventions, outcomes of interest, timing of sample
collection, among other factors resulting in considerable differences
among study designs. This heterogeneity may contribute to the dispa-
rate results we often observed among individual studies evaluated in
a review. We also found that reporting of the methodological features
of individual studies was often incomplete, making evaluation of study
quality within and across studies difficult. Researchers are encouraged
to use ARRIVE guidelines (Animal Research: Reporting of In Vivo
Experiments) to improve the reporting of research involving animals.*®
Another challenge we faced in our reviews was inconsistent methods
and approaches being used by different investigators. For example,
case definitions for respiratory disease and EHM varied across stud-
ies. These differences may further contribute to the heterogeneity we
observed and can also hamper the ability of investigators to synthe-
size the evidence using meta-analytic approaches. Likewise, timing of
when different outcome measures (eg, sampling for viremia, clinical
evaluations) were assessed also varied among the reviewed studies.
The reviewed experimental studies often had small sample sizes that
led to some studies being underpowered. Moreover, incidence rates
for EHM and abortion in many experimental studies were often low

and further reduced our ability to detect treatment effects of these

underpowered studies, which resulted in multiple studies reporting
negative outcome data. It is clear that models of EHM and EHV-1
abortion that will reliably induce the desired outcome need to be
developed and used to more definitively answer questions considered
in this consensus statement. Collectively, these finding often reduced
our confidence in the available data, which is reflected in the current
consensus statement. It has also led to our continuing advocacy for

the use of certain interventions despite limited supporting data.

21 | Research Question 1: Does vaccination
protect against EHV-1 infection and disease?

1. Evidence from the review: A total of 1018 unique studies were
identified, of which 35 met the inclusion criteria.’® Experimental
studies accounted for nearly 90% of the studies, with the remainder
being observational studies. Eight vaccine subclasses were identified
including commercial (modified live, inactivated, or a combination)
and experimental (modified live, inactivated, deletion mutant MLV,
DNA, recombinant) vaccines. Vaccine efficacy varied by both vac-
cine type and outcome. Several studies reported either no benefit
or minimal vaccine efficacy for the primary outcomes of interest.
Meta-analyses revealed significant heterogeneity was present, and
our overall confidence in the quality of the evidence for most out-
comes was low to moderate. There is limited evidence that vaccina-

tion can reduce pyrexia and signs of respiratory disease and may



1294 | Journal of Veterinary Internal Medicine AC\?' M

LUNN ET AL.

Veterinar t

American Colege of
ernal Medicine

reduce the levels and duration of nasal virus shedding. This evidence
was strongest with modified live and deletion mutant vaccines.
There is no evidence that vaccination fully prevents viremia and no
evidence that it prevents the occurrence of EHM after EHV-1 infec-
tion. There is limited evidence that killed vaccines may reduce the
incidence of abortion. The findings of our systematic review are
qualitatively similar to a recently published systematic review and
meta-analysis evaluating randomized controlled trials with experi-
mental challenge of horses.!® This meta-analysis showed that

EHV-1 vaccination did not result in significant improvements in

clinical and virological outcomes.

2. Consensus statement: Our review indicates that commercial and
experimental vaccines minimally reduce the incidence of clinical
disease associated with EHV-1 infection. Vaccination does not
fully prevent horses from becoming EHV-1 infected or prevent
nasal shedding of virus after challenge infection. Importantly, our
analysis is largely based on experimental studies that incompletely
mimic conditions that occur naturally. Despite our systematic
review finding that vaccine efficacy was often questionable, we
support the vaccination of individual or groups of horses. Vaccina-
tion should be undertaken after a risk assessment of the likelihood
of exposure to EHV-1 infection and the consequences of infection.
Vaccination may limit some signs of disease and the spread of
infection, but it must be part of a comprehensive biosecurity pro-
gram if EHV-1 infection is to be prevented or limited. For at-risk
horses, vaccination is recommended as part of biosecurity pro-
gram, and with an awareness of the limits of protection. Future

research is critically needed to support development of safe and

effective vaccines.

2.2 | Research Question 2: Are pharmacologic
treatments effective in managing EHV-1 infection?

1. Evidence from the review: A total of 7009 unique studies were
identified, of which 9 met the inclusion criteria.'* Two studies
evaluated valacyclovir or small interfering RNAs, and single
studies evaluated the use of a Parapoxvirus ovis-based immuno-
modulator, human alpha interferon, an herbal supplement, a
cytosine analog, and heparin. Study designs included both
randomized controlled studies and observational trials. Most
studies reported either no benefit or minimal efficacy of the
intervention tested. Our review indicates minimal or limited
benefit either as a prophylactic or postexposure treatment for

any of the studied interventions in the mitigation of EHV-1-

associated disease outcome.

2. Consensus statement: There is no evidence that pharmacologic
treatments given after the onset of clinical signs of EHV-1 infection
prevent or affect the development or course of EHM. There is mod-
erate evidence that valacyclovir given to horses in advance of
EHV-1 exposure can limit the development of EHM, and this strat-
egy could be considered in an outbreak situation preexposure when

early intervention is possible. Future research remains needed to

evaluate the efficacy of pharmaceutical interventions under blinded,
controlled, and randomized experimental conditions with sufficient

sample size in the target population.

2.3 | Research Question 3: Does the severity of
viremia correlate with the occurrence of abortion
or EHM?

1. Evidence from the review: A total of 189 unique studies were

identified, of which 34 met the inclusion criteria.*? Thirty studies
evaluated viremia and neurologic outcomes including 4 observa-
tional studies. Eight experimental studies examined viremia and
abortion, which used the Ab4 and OHOS3 virus strains or mutant
Ab4 derivatives. Several studies reported findings for both out-
comes. Incidence rates for both EHM and abortion in experimental
studies varied among the different studies as did the level of evi-
dence. Viremia was generally detectable before the onset of either
EHM or abortion. The results of our study support the hypothesis
that viremia is regularly present before EHM or abortion occurs.
However, no inferences could be made about the relationship
between the occurrence of either signs of neurological disease or

abortion and the magnitude or duration of viremia.

. Consensus statement: Viremia is a prerequisite for the occurrence

of both abortion and EHM. Therefore, prophylactic or therapeutic
interventions that eliminate viremia are likely to also prevent abor-
tions and EHM. There is limited current evidence that a reduction
in the duration or magnitude of viremia will affect abortion or

EHM outcomes.

24 | Research Question 4: What is the best
sampling technique to detect EHV-1 infection?

1. Evidence from the review: 58 experimental and 19 observational

studies met inclusion criteria.'® EHV-1 detection frequency by
guantitative PCR (qPCR) in nasal secretions and blood from natu-
rally infected horses with fever and signs of respiratory disease
were 15% and 9%, respectively; PCR detection rates in nasal
secretions and blood from horses with suspected EHM were 94%
and 70%, respectively. In contrast, when mares were tested after
abortion, EHV-1 was more frequently detected in blood samples
when compared with nasal secretions. In experimental studies, the
sensitivity of gPCR matched or exceeded that seen for virus isola-
tion from either nasal secretions or blood. Detection of nasal shed-
ding typically occurred within 2 days after EHV-1 inoculation with a
detection period of 3 to 7 days. Viremia lasted 2 to 4 days and was
usually detected 21 days after positive identification of EHV-1 in
nasal secretions. Nasal shedding and viremia decreased over time
and remained detectable in some horses for 2-3 weeks after experi-
mental infection. Under experimental conditions, blood and nasal
secretions have similar sensitivity for the detection of EHV-1 when

horses are sampled on multiple consecutive days. In contrast, in
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observational studies detection of EHV-1 in nasal secretions was
consistently more successful.

2. Consensus statement: When horses are sampled on several consec-
utive days, such as is the case in experimental infections, both blood
and nasal secretions display similar sensitivity for detection of
EHV-1 by gPCR. When horses are just sampled on 1 occasion, as
often occurs in disease outbreaks, nasal secretion samples are more
likely to detect EHV-1 in horses with fever and signs of respiratory
disease and in horses with suspected EHM. In contrast, in abortion
outbreaks, blood samples are more successful for detecting EHV-1.
Experimental studies demonstrate that EHV-1 can be detected in
both blood and nasal secretions by qPCR for approximately 9 days
after challenge infection, with viremia being initially detected 1 or
more days after nasal shedding is first detected. When possible, it is
advisable to test both nasal secretions and blood for the presence
of EHV-1 but when resources are limited or large numbers of horses
have to be tested then only nasal secretions should be tested. The
exception is in mares after abortion when blood samples are more

sensitive than nasal secretions.

3 | REVISION OF THE FIRST EHV-1
CONSENSUS STATEMENT

The questions addressed by the first EHV-1 consensus statement
continue to be identified as important by an online survey of LAIM
ACVIM Diplomates. A summary of the answers to these questions
from the 2009 consensus statement® can be found in Table 1. The
sections below seek to identify new peer-reviewed papers published

since the first statement that inform the answers to the questions.

3.1 | Pathogenesis: How and why does EHV-1
infection target the pregnant uterus and CNS? Why do
some horses but not others develop neurological
disease?

After primary infection of the respiratory epithelium, EHV-1 infection
is established in local respiratory lymph nodes within 24 to 28 hours.
A cell-associated viremia is then established with EHV-1 present in
CD8 and CD4 lymphocytes, B lymphocytes, and monocytes.?° This
viremia transports the virus to the vascular endothelium of secondary
sites of infection, which are typically immune privileged tissues. Infec-
tion of the pregnant uterus and the CNS resulting in third trimester
abortion and EHM are the most important secondary sites, but the
vasculature of eye and the testis are also affected.?'22

The pathogenic mechanism underlying CNS endothelial infection
remains ill defined. Viral factors have been reported to affect pathogene-
sis, including the extensively studied D752/N752 single-nucleotide poly-
morphism (SNP) in the DNA polymerase (DNA Pol) described in the next
section. Additional studies of mutations in the open reading frame (ORF)
30 gene and their association with EHM have been published,?3? but it

has not been clearly demonstrated that any EHV-1 genotype is
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associated with increased pathogenicity. Other viral proteins have been
implicated in the neuropathogenesis of EHV-1 including glycoprotein D
in an equine model,?®> and glycoprotein B, the protein kinase US3, and
the ORF1/2 genes in in vitro studies, but their association with disease
progression or severity is also unclear.2%?” A review of viral factors puta-

tively involved in neuropathogenesis was recently published.?®

3.2 | Neuropathogenic strains: What are the
clinical implications of the DNA Pol variants (D52
versus Ns2)?

In 2006, a comprehensive study of EHV-1 genotypes from several
continents proposed that a point mutation in the DNA Pol, the virus
enzyme responsible for replicating the virus' genetic material, might
be a bona fide virulence marker.?? A single nonsynonymous nucleo-
tide exchange (adenine at position 2254 to guanine) resulting in an
amino acid change at position 752 (asparagine to its acidic cousin
aspartic acid) of the 1220 amino acid protein, appeared to be more
frequently associated with EHV-1 infections that resulted in EHM. A
biological explanation was provided inasmuch as D752 variants repli-
cated more robustly in some target cells, specifically in peripheral
blood mononuclear cells.??-3 However, several subsequent studies of
EHV-1 isolates challenge the tenet that the D752 EHV-1 biovar is
more frequently associated with EHM cases, at least in certain geo-
graphic locations.?432-34 For example, a recent large outbreak of EHM
that originated at an international jumping event in Valencia, Spain, and
then spread extensively was caused by a representative of the N752
biovar.?2>3¢ Also of note, investigations of EHV-1 isolates from other
recent outbreaks revealed a third SNP at position 2254 (cytosine) of
DNA Pol, which results in an H752, although the effects, if any, on rep-
licative ability or pathogenic potential remains uncertain.2437-38
Currently, it is not clear that any specific EHV-1 strain is more
likely to cause neurological disease or that any of the 3 DNA Pol vari-
ants (D752, N752, or H752) differ markedly in their ability to cause
EHM outbreaks in the field. To better understand the role of EHV-1
strains in naturally occurring disease, we need to know the prevalence
of strains in different equine populations to determine whether a dis-
ease association with a strain is a result of strain pathogenicity or

more simply of a high prevalence of a strain in a population.

3.3 | Epidemiology: What does the most current
data tell us about EHV-1 epidemiology and the
prevalence of strain variants?

The epidemiology of EHV-1 is believed to depend on latency and reac-
tivation, neither of which are well understood. Primary EHV-1 infec-
tions occur early in life, but it is unclear what percentage of infections
result in the establishment of latency, that is, virus persistence in horses
or how long this persistent state is maintained. Factors leading to reac-
tivation in the field are unknown. When latent EHV-1 infection is reac-

tivated by immunosuppression with corticosteroids under experimental
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conditions, subsequent spread to other susceptible horses did not
occur.®? Latency becomes established in lymphoreticular tissues and tri-
geminal ganglia.® The percentage of horses harboring latent infections
appears highly variable and may depend on the geographic region, the
population tested, and the technology and criteria used to detect this
quiescent state of infection. Although many authorities suggest the
prevalence of latent EHV-1 infection in adult horses to be in excess of
60%,4° more recent publications have estimated that the percentage
of latently infected horses is much smaller and ranges from 15% to
27%, with latent EHV-1 detected in the trigeminal ganglia more com-
monly than in submandibular and bronchial lymph nodes.*®** The rate
of subclinical EHV-1 shedding in horses is low and depends on the time
of the year as well as the age and use of the population of horses
tested.*>*® Large outbreaks of EHM remain infrequent, although their
effects on the equine industry in Europe and the USA continues to
raise concern, and many questions surrounding risk factors, prevention,

and management remain unanswered.8*’

3.4 | Risk factors for disease: What are the risk
factors for horses for respiratory, abortigenic, or
neurologic disease caused by EHV-1

The risk factors identified in the 2009 EHV-1 consensus statement
included viral, host and environmental factors,® and the known factors
are largely unchanged. One study by Klouth et al*® again identified
increasing age, fever, and female sex as risk factors for occurrence of
EHM and indicated that Welsh, and Shetland ponies, were at a lower
risk. Large multiday gatherings of horses were associated with the
2 notable very large EHM outbreaks in 2011 and 2022.24° An experi-
mental study identified a series of immunoregulatory changes in
horses that developed EHM.>* A review of host factor contribution to

neuropathogenesis was published in 2022.52

3.5 | Diagnostic testing: What kinds of viral
detection tests should | select for diagnosis, prognosis,
and screening of horses for EHV-1 and its strains?

Real-time qPCR has supplanted conventional PCR and virus culture for
the detection of EHV-1 in both respiratory secretions and uncoagulated
blood as a diagnostic tool because of its high analytical sensitivity and
specificity. Nevertheless, virus isolation should ideally still be attempted
at reference laboratories for detailed characterization of the virus iso-
late. This consensus statement recommends testing of both nasal
secretions and blood samples for the presence of EHV-1 with some
caveats as stated in our findings above.

Consequent to the identification of the DNApol SNP (D752/
N752/H752), commercially available tests have been developed that
can distinguish these 3 biovars?*>3; however, the interpretation of the
results in terms of disease association needs caution as discussed under
“Neuropathogenic Strains” above. To further reduce the turn-

around-time of sample testing, various stall-side molecular EHV-1

testing platforms have been described,>*5°

and new technologies may
be applicable to these platforms.>® Although rapid testing is advanta-
geous in acute case management, it is important that new point-of-care
EHV-1 tests are properly validated and show acceptable agreement

with gold standard tests, including gPCR and virus isolation techniques.

3.6 | Vaccination: How, and when should | use
current commercially available vaccines to control
EHV-1 infection and disease?

The recommendations of the original consensus statement remain rel-
evant.® Vaccination against EHV-1 infection is likely to be effective in
preventing the major pathological sequelae when it can prevent the
occurrence of viremia, as supported by our consensus opinion on
Research Question 3 above and our recent systematic review.'? The
prevention of viremia may be a reasonable surrogate for abortion and
EHM challenge models in horses and offer a more ethically acceptable
experimental endpoint.

Our current consensus statement on the efficacy of EHV-1 vacci-
nation is presented above, and this is supported by 2 recently pub-
lished systematic reviews of EHV-1 vaccine efficacy.'®*? Although
our overall confidence in the quality of the evidence was low to mod-
erate, we continue to recommend vaccination as part of biosecurity
program, with an awareness of the limits of protection, and after a risk
assessment of the likelihood of exposure to EHV-1 infection and the

consequences of infection.

3.7 | Disease control and prevention: What are the
key factors to consider in controlling disease caused
by EHV-1?

The fundamental principles described in the original consensus state-

ment remain unchanged (Table 1).°

3.8 | Outbreak response: What are the key things |
need to know as | plan for, and respond to, an
outbreak of clinical EHV-1 infection?

The fundamental principles of outbreak response described in the
original consensus statement remain unchanged (Table 1),° and
the AAEP General Biosecurity Guidelines are a good resource when
confronted by the risk or diagnosis of EHV-1.%" Strategies aimed at
preparing for and responding to an EHV-1 outbreak continue to
include early diagnosis, prevention of further spread, and manage-
ment of clinical cases. The diagnostic techniques best suited to
detecting EHV-1 infection are described above, and the clinician
needs to identify a laboratory that can provide testing in advance of
having to use their services.

Our understanding of the duration and intensity of EHV-1 shed-
ding by infected horses has changed consequent to experiences
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gained during major outbreaks of EHM at veterinary hospitals and
large boarding facilities.®>8° Infected horses in EHM outbreaks can
shed infectious amounts of EHV-1 for many days beyond the onset of
clinical disease. Our ability to prevent this spread among horses in the
same building, even with extensive barrier precautions, is limited. It is
therefore important to house suspected and confirmed EHV-1 cases
in isolation facilities whenever practicable and to stop horse move-
ment and practice stringent biosecurity for all in contact animals
pending the outcome of testing or completion of quarantine.

The risks of environmental spread of EHV-1 have recently been
reviewed.®! Potentially infectious EHV-1 persists in the environment
for at least 48 hours®? and for up to 14 days in water.®® Although
virus in the environment is unlikely to survive in an infectious form
21 days after removal of horses, appropriate disinfection and decon-
tamination of facilities will be an important component of outbreak

control in most circumstances.

3.9 | Treatment: What therapeutic modalities are
useful for treating EHM, beyond supportive and
symptomatic care?

Our current consensus statement on the value of pharmacologic
treatments for EHV-1 infection is presented above and is supported
by our recently published systematic review.**

4 | CONCLUSIONS

Equine herpesvirus-1 infection remains an important equine pathogen
throughout most of the world, and an active area of investigation.
Although important progress has been made in several areas, our ability
to vaccinate against, or treat the sequelae of infection with EHV-1
remains limited.

We encourage investigators to consider our reviews when
designing future studies. As noted earlier, our reviews often found
inconsistent results, moderate to high risk of bias and heterogene-
ity among the studies we reviewed. Robust studies with adequate
statistical power remain of utmost importance to reliably determine
whether vaccination or therapeutic interventions are effective in
the management of EHV-1 infection in horses. More thorough
reporting of study methods and results using available reporting
guidelines!® is also desirable. Another lesson learned from our
reviews is the need for additional sampling across time to better
characterize disease outcomes and progression. Publication of
individual animal data as supplemental files will also support future

systematic reviews and analyses.
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