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Abstract

Background: Equine herpesvirus type 1 (EHV-1) infection is associated with upper
respiratory disease, EHM, abortions, and neonatal death.

Research Questions: Are nasal secretions a more sensitive biological sample com-
pared to blood for the detection of EHV-1 infection? How long is EHV-1 detectable
after primary infection by PCR?

Methods: MedLine and Web of Science searches identified original peer-reviewed
reports evaluating nasal shedding and viremia using virus isolation methods or PCR
published in English before October 9, 2023.

Results: Sixty experimental and 20 observational studies met inclusion criteria. EHV-1
detection frequency by gPCR in nasal secretions and blood from naturally-infected horses
with fever and respiratory signs were 15% and 9%, respectively; gqPCR detection rates in
nasal secretions and blood from horses with suspected EHM were 94% and 70%, respec-
tively. In experimental studies the sensitivity of gPCR matched or exceeded that seen for
virus isolation from either nasal secretions or blood. Detection of nasal shedding typically
occurred within 2 days after EHV-1 inoculation with a detection period of 3 to 7 days.
Viremia lasted 2 to 7 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 several weeks after inoculation.

Conclusions and Clinical Importance: 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 observational studies detection

of EHV-1 in nasal secretions was consistently more successful.

KEYWORDS
abortion, equine, equine herpesvirus myeloencephalopathy, herpesvirus-1, nasal shedding,
quantitative polymerase chain reaction (QPCR), rhinopneumonitis, viremia, virus isolation

Abbreviations: EHM, equine herpesvirus-1 myeloencephalopathy; EHV-1, equine herpesvirus-1; GRADE, Grading of Recommendations, Assessment, Development, and Evaluation; PICO,
population, intervention, comparator, and outcome; RCTs, randomized clinical trials.
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1 | INTRODUCTION

Equine herpesvirus 1 (EHV-1) is a highly contagious alpha-herpesvirus
that affects equids worldwide. Horse-to-horse transmission is fre-
quently the result of direct contact with nasal discharge, or aborted
fetuses, while indirect contact can also occur through fomites.

Virus replication in the upper respiratory tract results in local
inflammation, which is associated with fever, lethargy, anorexia, nasal
discharge, coughing and mandibular lymphadenopathy. EHV-1 infects
the respiratory epithelium from which it is transported to regional
lymph nodes before establishing a cell-associated viremia which is a
prerequisite for the most serious sequelae of infection, which are
equine herpesvirus myeloencephalopathy (EHM) or abortion. Experi-
mentally, EHV-1 shedding is reported to occur from the respiratory
tract for up to 14 days, while viremia can persist for up to 21 days.*

Diagnosis of EHV-1 infection cannot be made solely based on
clinical signs. Definitive diagnosis of EHV-1 infection can be deter-
mined by inoculation of nasal secretions (swabs) and/or peripheral
mononuclear cells (PBMC) isolated from blood in cell cultures for the
isolation of the virus. EHV-1 can be isolated in a variety of cell lines
including equine kidney (EK), equine fibroblast (NBL-6 or E-Derm),
rabbit kidney (RK-13), or Madin-Darby bovine kidney (MDBK) cells.?
Infection of cells with EHV-1 results in a cytopathic effect (CPE) char-
acterized by enlarged, rounded, and ultimately detached cells. Molec-
ular diagnosis of EHV-1 infection using conventional PCR added
significantly to the speed of virus detection, but in the past 2 decades
the use of quantitative real time polymerase chain reaction (QPCR)
techniques has supplanted conventional detection methods including
cell culture and conventional PCR because of its high sensitivity, spec-
ificity, quick turn-around-time, and cost-effectiveness.> Nasal secre-
tions alone or in combination with blood are often used for the gPCR
detection of EHV-1 in clinically affected horses. Disadvantages of
PCR include the need for highly trained laboratory staff, risk of con-
tamination, and potential inability to detect novel DNA sequences.

The goal of this study was to summarize and review the available
literature to address the following research questions: (a) Are nasal
secretions a more sensitive biological sample compared to blood for
the detection of EHV-1 infection; and (b), how long is EHV-1 detect-
able after primary infection by PCR?

2 | METHODS

This review did not involve animal data collection. Therefore, ethical
approval was not required. A PICO (problem/population, intervention,
comparison, and outcome) framework was developed to help guide

this review:

e Population: Domesticated horses (Equus caballus) without sex, age,
or breed restrictions.
¢ Intervention/Exposure: Horses experimentally infected or naturally

exposed to EHV-1 infection.

e Comparator: Measurement/detection of duration of EHV-1 vire-
mia and of nasal shedding after infection in the same horses.
e Qutcome: Presence and duration of viremia and nasal shedding of

EHV-1 over time postinfection.
Studies were included if they had the following features:

o Domesticated equids without age, breed, or immunological status
restriction

e Any experimental challenge or natural infection with subsequent
measurement of nasal shedding and viremia.

e Peer-reviewed original data.

e Published in English.

e Study included clinical outcomes that reflect clinical EHV-1 infec-
tion resulting in either pyrexia, respiratory signs, abortion, neonatal
loss, or EHM.

21 | Search strategy

A search for bibliographic references was performed with the assis-
tance of a librarian to locate studies that evaluated nasal shedding and
viremia in horses following EHV-1 infection. A systematic literature
search was performed in PubMed. The search was adapted for Web
of Science, Agricola, and Global Index Medicus Regional Databases.
The search was limited to domesticated horses and was performed
without sex, age, or breed restrictions. Search terms are available in
Supplementary Materials Item 1. Searches were last performed on
10/9/2023.

2.2 | Study selection

Screening was tracked in Covidence (www.covidence.org). The evalu-
ation of titles, abstracts, and the full text were independently per-
formed by teams of 2 reviewers; disagreements were resolved by
either discussion or when consensus could not be reached using a

third reviewer.

2.3 | Data extraction

Data were extracted from included studies by 1 member of the
review team. Extraction of graphical data relied on Digitizelt ver-
sion 2.5.1 (Braunschweig, Germany). Extracted data were used to
summarize study designs and findings and/or to conduct post hoc
statistical analyses. Extracted data included: demographic data,
challenge infection protocol including virus strain and dose, inci-
dence of pyrexia, abortion, or neurologic signs, and virological
data including the presence or absence of either nasal
shedding or viremia considering the duration, quantitation, and

methods used.


http://www.covidence.org
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2.4 | Data analysis

Incidence data were used to calculate the sensitivity of virus isolation
and PCR as diagnostic tests for the detection of EHV-1 in either
nasal swabs or nasopharyngeal swabs (collectively referred to as
nasal swabs) or from whole blood or purified PBMCs. For each com-
parison, we extracted data on the number of true positives, true nega-
tives, false positives, and false negatives in the form of a 2-by-2 table.
In some cases, studies had multiple arms (eg, different virus strains,
doses, age groups). Data were pooled when results across the differ-
ent arms yielded identical results. Analyses evaluating test sensitivity
were performed on experimental datasets from studies with known
exposure to EHV-1; thus, specificity could not be determined. Unless
otherwise noted, means + standard deviations are provided. Statistical

calculations were performed using MedCalc Software Ltd (Ostend,

Belgium).
3 | RESULTS
3.1 | Results of the search

The search identified 4533 citations, of which 2165 were duplicate
citations. Another 2095 citations were excluded based on a review of
the title and abstract. Literature was almost entirely identified and

retrieved from electronic bibliographic sources. No studies were

VT e

identified from hand searching reference lists provided in the studies
that met inclusion criteria. A total of 275 studies were assessed for
inclusion using a review of the full text. A list of the 195 studies
excluded at the full text review stage, with the reason for exclusion,
are provided in Supplementary Materials Item 2. Eighty studies met
the inclusion criteria for this review, and a flow diagram for inclusion

of studies is provided in Figure 1.

3.2 |
studies

Description of the included observational

A total of 20 observational studies met our inclusion criteria.*?* The
key characteristics of these studies are reported in Table 1. Two stud-
ies used virus isolation methods to detect EHV-1.4%2% All studies used
PCR either as the only method or in combination with virus isolation,
and the large majority (14 of 20) used gPCR (Table 1). Several of the
observational studies evaluated nasal shedding and viremia in horses
with fever or cough and other respiratory signs consistent with
EHV-1 infection.#610:13151618-2022.23 ther studies performed diag-
nostic testing in horses with either neurologic signs consistent with
EHM or episodic abortions.>”?11:182021 For o]l horses in the studies pre-
senting with fever and respiratory signs for which clinical and laboratory
information was available, the detection of EHV-1 by PCR in nasal secre-
tions and blood was 15% and 9%, respectively.+¢10181516,18-2022.23 £

the same study populations, the detection of EHV-1 in nasal secretions

Records identified
through database
searching (N = 4533)

Additional records
identified through other
sources (N =0)

Identification

I I
¥

Records after duplicates
removed (N = 2368)

v

Records screened
(N =2368)

Records excluded
(N =2093)

A 4

Full-text articles assessed
for eligibility
(N =275)

Full-text articles excluded
(N =195)
Reasons included:

Eligibility ~ Screening

Wrong outcomes (n = 117)
Duplicate (n =27)

\4

Studies included in

Wrong study design (n = 25)
Not original research (n = 9)
Not in English (n = 4)
Meeting abstract only (n = 3)

synthesis
(N =80)

Included

FIGURE 1 PRISMA flowchart for the
literature search process.

Wrong species (n = 3)
Viremia only (n = 3)
Wrong comparator (n = 2)
Not peer reviewed (n = 1)
Nasal shedding only (n = 1)
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and blood by culture was 2.7% and 0.2%, respectively. For horses with
EHM, the PCR detection of EHV-1 in nasal secretions and blood was
94% and 70%, respectively.>”?11182021 |n mares that aborted their
foals, EHV-1 was detected by PCR in 30% of nasal secretions and 37% of
blood samples.®7182921 Dyration of shedding of EHV-1 during an out-
break can be variable. During of abortion outbreaks can be exten-
sive, with EHV-1 detection in nasal swabs using gPCR methods
occurring throughout the course of the outbreak as horses become
infected.® Similarly, in outbreaks not involving abortion serial sam-
pling of individual horses and analysis of nasal swabs using gPCR
showed the presence of EHV-1 DNA in samples for as long as
42 days during an outbreak.?°

33 |
studies

Description of the included experimental

A total of 60 experimental EHV-1 infection studies met our inclusion
criteria.?*8% The key characteristics of these studies are reported
in Table 2. Some studies evaluated vaccine or treatment efficacy
in horses inoculated with EHV-1. When treatments were performed only
data from infected control animals was extracted and included in our
analysis. Some studies performed experiments with 1 or more strains of
virus or infection dose. A total of 47 studies used virus isolation methods
to detect EHV-1.2426-3538-4447-505254-71,7476:7982 | these studies, RK-
13 cells were used in the majority (66%) of the experiments. A total of
23 studies used PCR either as the only method or in combination with
virus iSolation.25,29,36,37,44—46,48,51f53,57,60,65767,72,73,75,77,78,80783 The great
majority (22 of 24 used gPCR; Table 2).

3.4 | Nasalshedding

Experimental studies that evaluated nasal shedding using virus isola-
tion in cultured cells are shown in Figure 2A. Four studies failed to
detect virus in nasal swab samples using virus isolation.*+°%¢%78 |n
1 case, PCR detected EHV-1 DNA in the nasal swab samples.** Com-
bined intranasal and intravenous administration of EHV-1 strain Army
183 to horses resulted in negative nasal and PBMC samples.’® In con-
trast, administration of the virus solely by intranasal inoculation
yielded positive results for the nasal swab samples in this study.>®
Mori and coauthors used the A4/72 strain and Vero cells in their
study and failed to detect virus in either nasal swab or PBMC sam-
ples.®® Only 1 other study used Vero cells. In this study, virus was suc-
cessfully isolated from both nasal swab and PBMC samples.®2 Wimer
and coauthors report a low incidence of nasal shedding after infection
with the Ab4AORF1/71 strain, while all animals exposed to the
wildtype virus (Ab4) displayed nasal shedding.®? Sensitivity in the
remaining studies was 270%, with most studies (60%) having 100%
sensitivity. There were 19 studies that evaluated nasal shedding using
PCR (Figure 2B).25,29,36,37,44,45,48,51,52,57,65,72,73,77,78,80—83 The majority

(17/19) of studies reported 100% sensitivity using this method.

ylnt

American College of
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3.5 | Viremia

Experimental studies that evaluated viremia using blood samples
and/or virus isolation are shown in Figure 3A. Seven experimental
studies failed to detect virus in blood samples.28-32:40:48.56,60.78
Sensitivity in the remaining studies varied from 20% to 100%.
The majority of the studies (72%) had 100% sensitivity using
viral isolation methods on either PBMC or whole blood
samples,25:26:29.30.33-35,38-41,47.49.55,58,59.62:67.69.74,76-79.82 Ey o
mental studies that evaluated viremia using gPCR are shown in
Figure 3B. The majority (19/23) of these studies demonstrated 100% sen-

SItIVIty using this method.25'29’36'37'45'52'53’57’60’65'67’72'73'75'77'79'80'82

3.6 | qPCR vs virus isolation to detect EHV-1

There were 6 experimental studies that measured nasal shedding
using both virus isolation and qPCR (Figure 4A)2744485257.65 The
sensitivity of qPCR matched or exceeded that of virus isolation tech-
niques. Goehring and coauthors failed to detect EHV-1 in nasal swab
samples using virus isolation methods, whereas qPCR identified nasal
shedding in all horses (n = 4) exposed to a neuropathogenic EHV-1
strain.** Virus isolation and gPCR had 80% and 100% sensitivity,
respectively, in a study that exposed horses to the Army 183 strain.>2
Both virus isolation and gPCR had a 75% sensitivity for nasal shedding
in another study using 4 horses and an H7 strain of EHV-1.48

There were 9 studies that evaluated viremia after purification of
PBMC using both virus isolation and qPCR (Figure 4B).2%44485265:67.77.82
The sensitivity of gPCR matched or exceeded that of virus isolation in
most cases. Virus isolation and gPCR failed to detect virus PBMC samples
from 4 horses exposed to the H7 strain of EHV-1.%% Both gPCR and virus
isolation had 25% sensitivity in detecting EHV-1 in PBMC samples in
4 horses exposed to a neuropathogenic strain of EHV-1.** Virus isolation
and gPCR had 33% and 100% sensitivity, respectively, at detecting vire-
mia in horses exposed to the Army 183 strain.>2 In a second arm of this
study, gqPCR was unable to detect EHV-1 from isolated leukocytes
exposed to the Army 183 strain. Hussey and coauthors reported that the
yield and quality of DNA prepared from the leukocyte were poor based
on spectrophotometric analysis and agarose gels.>? Because of this tech-
nical concern, these data are not included in Figure 4B. In all other cases,
both virus isolation and gPCR had a 100% sensitivity for the detection of
EHV-1 in PBMC samples.

3.7 | Relative sensitivity of EHV-1 detection in
nasal swabs or blood samples following experimental
inoculation

Experimental studies that used virus isolation methods to detect the
presence of EHV-1 in both nasal swab and blood samples are shown
in Figure 5A. Seven studies using cell culture-based virus isolation
methods reported 100% sensitivity for the detection of EHV-1 in
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nasal swabs, while failing to detect the virus in the PBMC
samples.28:32:40:48.56.60.78 Njine other studies presented intermediate sen-
sitivities (25%-91%) for the detection of EHV-1 in both nasal swabs and
PBMC samples using virus isolation methods 3142-445052687071 The
remaining studies had 100% sensitivity for the detection of EHV-1 in
both nasal swabs and PBMC samples using cell culture-based virus isola-
tion methodS.25,26,29,30,33-35,38,39-41,47,49,55,58,59,61-67,69,74,74-79,82
Experimental studies that used gPCR to detect the presence of
EHV-1 DNA in both nasal swab and PBMC samples are shown in
Figure 5B. Two studies reported 100% sensitivity for PCR-based
detection of EHV-1 DNA in nasal swabs, while failing to detect the
viral DNA in the blood (PBMC) samples.*®”8 Goehring and coauthors
used gPCR to detect EHV-1 DNA in nasal swab and blood (PBMC)
samples from horses inoculated with a neuropathogenic strain of
EHV-1.* In this study, the assay sensitivities were 100% and 25% for
nasal swab and PBMC samples, respectively.** All other studies had
100% sensitivity for the detection of EHV-1 DNA in both nasal swabs

and PBMC Samples using qPCR 25,29,36,37,45,57,61,65,72,73,75,77,80-83

3.8 | Duration and magnitude of nasal shedding
and viremia in experimental studies

Figure 6 provides mean values and 95% confidence intervals for dura-
tion of nasal shedding and viremia. Data from studies using either cell
culture-based virus isolation methods or qPCR are included. Detection
of nasal shedding generally occurred within 1 to 2 days after inocula-
tion of horses with EHV-1 (Table 1). Mean days of nasal shedding ran-
ged from 1.3 to 10 days, with most studies reporting a duration of
3 to 7 days 273233:3649.50.54,55,61-64.68.70 Nj3sal shedding decreased
over time and remained detectable in some horses for more than
14 days after inoculation.??4144-46.57.59.65.74.75.78-81 \firemja was often
initially detected 1 or more days after nasal shedding was first
seen. The duration of viremia was generally shorter in most stud-
ies, with mean durations of 2 to 4 days (range of means: 1.7 to
7.3 days).242>:32-36,43,50,54,55,61,63-64.70  \firemja also decreased
over time and remained detectable in some horses 221 days after
inoculation (Table 1).29:°0:60:65.75.79

In the majority of experimental studies, duration and/or range of
EHV-1 detection in nasal secretions by culture and/or PCR was
reported.?4-29:32-50,52-59.61-83 Tha detection of EHV-1 in nasal secre-
tions via culture was successful between 1 and 19 days after infec-
tion, with the mean duration ranging from 1.3 to 11 days.
Detection of EHV-1 in nasal secretions by qPCR was possible
between 1 and 21 days, with the mean duration ranging from 2 to
11 days.

In a total of 52 studies, the duration and/or range of EHV-1

blood by culture and/or qPCR was
d'24-29,32-47,49,50,52»55,57»67,70-75,77-83 The detection range

detection in
reporte
of EHV-1 in blood via virus isolation was between 1 and 21 days
after infection, with a mean duration of 1 to 11.5 days. EHV-1
was detected in blood via qPCR between 1 and 30 days after
infection, with a mean duration ranging from 2 to 11 days.
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FIGURE 2 Sensitivity of virus isolation (A) and qPCR (B) for the detection of EHV-1 in nasal swab samples from horses experimentally
inoculated with EHV-1. Duplicate entries for the same study represent results using different strains of virus or exposures. Mean and 95%
confidence intervals provided.

Seven studies directly compared cell culture isolation and nasal secretions ranged from O to 9 days as assessed by cell
gqPCR techniques for the detection of EHV-1 in nasal culture isolation and from O to 21 days by gPCR. Eight studies
secretions.??48:52:57:6577.78 The duration of EHV-1 shedding in had direct comparison of EHV-1 detection in blood between
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virus isolation in cell culture and gPC
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Sensitivity of virus isolation (A) and gPCR (B) for the detection of EHV-1 in PBMC samples from horses experimentally inoculated with
EHV-1. Duplicate entries for the same study represent results using different strains of virus or exposures. Mean and 95% confidence intervals provided.

R 29.526566777882 The 4 | DISCUSSION

duration of EHV-1 viremia ranged from O to 14 days as determined

by virus isolation and from O to 30 days by gqPCR detection of Equine practitioners often face diagnostic challenges when presented

the virus.

with an equid that is potentially infected with EHV-1. The disease
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FIGURE 4 Relative sensitivity of gPCR vs virus isolation for the detection of EHV-1 in either nasal swab (A) or PBMC samples (B) collected
from horses experimentally inoculated with EHV-1. Mean and 95% confidence intervals provided.

stage following EHV-1 infection influence viral kinetics in both blood respiratory signs as well as acute onset of neurological disease (ie, sus-
and nasal secretions. Veterinarians routinely use nasal secretions pect EHM case). Blood is less frequently collected for EHV-1 detec-

(swabs) for the detection of EHV-1 in horses with either fever or tion but is used to corroborate presence of EHV-1 during EHM
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FIGURE 5

outbreaks as viremia is considered a prerequisite for the development
of neurological disease.
determine whether nasal secretions were a better-suited biological sam-

ple when compared to blood for the success of detection of EHV-1
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EHV-1. Data using cell culture-based virus isolation methods (A) or (g)PCR (B) are shown. Sensitivity <100% indicates that detection rates in nasal
swabs were higher than that seen in PBMC samples. Mean and 95% confidence intervals provided.

84 The primary goal of the present study was to

infection. This should allow us to make science-based recommendations
to maximize the detection frequency of EHV-1 in infected horses.
Most observational studies focused on horses with fever and

respiratory signs or on horses with either neurological signs consistent
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FIGURE 6
EHV-1.

with EHM or epidemic abortions. Our review identified a broad range
of detection frequencies of EHV-1 in sick equids following natural
infection, likely reflecting the disease stage at which testing occurred,
and the disease setting (ie, respiratory infection, abortion, EHM). The
review clearly demonstrated that nasal secretions were consistently

more successful in the detection of EHV-1 in equids with fever and

Mean

Mean duration +95% confidence interval (days) of nasal shedding (A) and viremia (B) in horses experimentally inoculated with

respiratory signs as well as in horses with suspected EHM. In contrast,
when testing mares postabortion, EHV-1 was more frequently
detected in blood samples when compared to nasal secretions. These
findings are consistent with the biology and pathogenesis of EHV-1 as
it consecutively first invades the respiratory apparatus, then the cen-

tral nervous system, and finally the pregnant uterus. The incubation
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time for abortions is the longest for all clinical presentations of EHV-1
infection.!

Collectively, observational and experimental studies support the
use of nasal secretions as a biological sample that offers the highest
chance of EHV-1 detection when compared to blood. However,
detection of EHV-1 infection using either nasal swab or PBMC sam-
ples also depends upon the timing of sample collection. Viremia was
often initially detected 1 or more days after nasal shedding was first
seen. Thus, early detection of EHV-1 in nasal secretions may be more
sensitive overall. Within several days, both nasal shedding and viremia
can occur concurrently, and detection may persist for several days to
weeks thereafter. Repeated sampling of horses in potential outbreaks
may increase the detection rate of EHV-1 infections.

A secondary goal of this study was to evaluate how long virus
could be detected after primary infection by gPCR. The detection of
EHV-1 by qPCR has become the diagnostic platform of choice for the
past 2 decades and has supplanted virus isolation. Nucleic-acid based
detection systems have many diagnostic advantages such as high sen-
sitivity and specificity, quick turn-around-time, and cost-effectiveness.
However, gPCR has several technical limitations, including risk of
false-positive and -negative results, and inability to differentiate
between viable and nonviable virus.® Technical advances in molecular
diagnostics have overcome some of these limitations by using closed-
tubes assays and incorporating quality controls.®> In experimental
studies with both nasal secretions and blood available for gPCR test-
ing, detection of EHV-1 in nasal secretions and blood ranged from
1 to 21 and 1 to 30 days postinfection, respectively, with similar dura-
tion of detection of approximately 9 days in either case. Virus was
sometimes identified significantly later after initial infection and
particularly in naturally occurring outbreaks, and the biological signifi-
cance of these results are uncertain. Quantification of mRNA tran-
scripts, a result of productive virus replication, could be used to
determine the clinical significance of this phenomenon.'® Interpreta-
tion of gPCR test results should be done in the context of clinical
signs of infected horses and unexpected or equivocal results should
be investigated and repeated.

An important limitation here is our use of a narrative review
approach to evaluate the literature, which incorporated many ele-
ments of a systematic review process. The main difference between a
narrative and a systematic review relates to the absence of an evalua-
tion of the study quality of individual studies.

In conclusion, the results of this study indicate that, under experi-
mental conditions when animals are sampled repeatedly, both blood
and nasal secretions display similar sensitivity with respect to the
detection of EHV-1. However, observational studies suggest that
nasal secretions were consistently superior for detection of EHV-1 in
equids with fever and respiratory signs and in horses with suspected
EHM. Experimental studies have also shown that EHV-1 can be detected
in both blood and nasal secretions by gPCR in most cases for approxi-
mately 9 days, with viremia being initially detected 1 or more days after
nasal shedding is first detected. While it is very important to utilize highly
sensitive diagnostic modalities such as gPCR, clinicians should interpret

the diagnostic results in the clinical context.
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