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ABSTRACT

Equine abortion, stillbirth and neonatal death cause major economic losses to the equine in-
dustry worldwide. Both non-infectious and a wide range of infectious causes have been described.
However, the relative contribution of pathogens to equine abortion, stillbirth and neonatal death
is poorly documented, since available studies involve only a limited number of pathogens. There-
fore, the objectives of the present retrospective monitoring study were to determine the preva-
lence of infectious agents associated with equine abortion and perinatal mortality in Belgium,
and to set up a protocol usable under field conditions using polymerase chain reaction targeting.
A real-time simple polymerase chain reaction for eight different abortifacient pathogens was
conducted leading to the detection of at least one infectious agent in 37% of 105 analyzed cases.
In the diagnosed cases, equine herpesvirus-1 was the most detected pathogen (49%), followed by
Streptococcus equi subspecies zooepidemicus (28%), Coxiella burnetii (18%), Leptospira interro-
gans (3%) and Neospora caninum (3%). None of the analyzed cases was positive for equine viral
arteritis, equine herpesvirus-4 and Chlamydophila spp.

In this study, PCR targeting is shown to have its value to detect a (co)-infectious cause in
equine abortion, stillbirth and neonatal death, especially in field conditions where autolysis and
contamination might preclude a full post-mortem examination protocol based on classical micro-
biological examination.

SAMENVATTING

Abortus, doodgeboorte en neonatale sterfte bij de merrie veroorzaken jaarlijks wereldwijde eco-
nomische verliezen. Zowel infectieuze als niet-infectieuze oorzaken worden beschreven in de litera-
tuur. Het relatieve belang van de verschillende pathogenen bij abortus, doodgeboorte en neonatale
sterfte bij het paard is echter onduidelijk, aangezien in de meeste studies slechts een beperkt aantal
pathogenen onderzocht werd. Daarom waren de doelstellingen van deze retrospectieve monitorings-
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studie om de prevalentie van acht infectieuze oorzaken van abortus en perinatale sterfte bij het paard
in Belgi€ te bepalen en ten tweede om een onder veldomstandigheden bruikbaar “polymerase-chain-
reaction”’protocol op te stellen. Een “real-time polymerase chain reaction” voor acht pathogenen ge-
associeerd met abortus/perinatale sterfte bij het paard werd uitgevoerd bij 105 gevallen. In 37% van
de gevallen werd tenminste één infectieus agens gedetecteerd, met als koploper equine herpesvirus-1
(49%) gevolgd door Streptococcus equi subspecies zooepidemicus (28%), Coxiella burnetii (18%),
Leptospira interrogans (3%) en Neospora caninum (3%). Equine viral arteritis, Equine herpesvirus-4
and Chlamydophila spp. werden niet gedetecteerd.

In deze studie wordt aangetoond dat PCR nuttig kan zijn om een co(-infectieuze) oorzaak van abor-
tus, doodgeboorte of neonatale sterfte bij het paard te detecteren, vooral in praktijkomstandigheden
waarbij autolyse en contaminatie een uitgebreid post-mortemprotocol met klassieke microbiologische
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analyses kunnen verhinderen.

INTRODUCTION

Equine abortion, stillbirth and neonatal death
(ASND) are major problems in the horse industry
as they cause great economical and emotional losses
worldwide (Bosh et al., 2009; Parameswaran and
Senthil, 2014). Spontaneous abortion in horses is de-
fined as pregnancy loss prior to three hundred days
of gestation. Fetuses dying after three hundred days
of gestation are conventionally termed as stillbirths,
since foals born from that time on may be capable to
survive (Acland, 1993). Cases of foals that die within
two days after birth are classified as neonatal death.

Both infectious and non-infectious causes involved
in equine ASND have been reported worldwide (Bain
et al., 1969; Giles et al., 1993; Smith et al., 2003;
Léon et al., 2006; Léon et al., 2012), but regional dif-
ferences highlight the importance of local, systematic
monitoring. In Belgium, limited information exists on
the prevalence of equine causes of ASND.

Continuous surveillance of ASND in horses is im-
portant as some disorders, e.g. equine herpesvirus-1
(EHV-1) infections (Damiani et al., 2014) and the
mare reproductive loss syndrome (MRLS) (Sebastian
et al., 2008), require immediate preventive measures,
encouraging laboratories to focus on specific infec-
tious causes. However, examination is often challeng-
ing, especially under field conditions. Cases of ASND
often show extensive post-mortal decay or autolysis,
which hampers routine bacteriological and histologi-
cal examination. Moreover, some pathogens are dif-
ficult to detect because of an intracellular location,
e.g. N. caninum and C. burnetii, or a strenuous culture
protocol (Leptospira). This underlines the importance
of the use of PCR assays.

The aims of this study were (1) to determine the
prevalence of the most important infectious causes of
equine abortion, stillbirth and neonatal death in Bel-
gium, and (2) to study the possible value of a panel of
real-time polymerase chain reaction tests in the detec-
tion of infectious agents in equine abortion, stillbirth
and neonatal death.

MATERIALS AND METHODS
Sample population

Between February 2015 and June 2017 (time pe-
riod determined by availability of funding), a total
of 133 cases (128 abortions/stillbirths, and 5 neona-
tal deaths) in different horse breeds (predominantly
warmbloods) in Belgium (95 in Flanders, 38 in Wal-
lonia) were declared by the owner. Within 24 hours
of case declaration, the fetus and, in the majority of
cases, corresponding fetal membranes and umbilical
cord, or fetal organs were collected by the veterinar-
ian and transported to the laboratory of Animal Health
Services Flanders (DGZ Vlaanderen) or the Faculty
of Veterinary Medicine of the University of Licge.
The location of referral depended only on the location
where the ASND case happened (DGZ Vlaanderen
for Flanders; University of Liege for Wallonia).

From the initial 133 cases, 28 cases were excluded
because of incompleteness of submitted material, re-
sulting in a final study population of 105 cases (Figure

1).
Necropsy protocol

Processing of the fetus/foal was performed within
24 hours after arrival at the laboratory facilities. At
necropsy, the fetus/foal was weighed, placed in right-
sided recumbency and the crown-rump length (cm)
was measured. In cases where no gestational length
was known, the gestational length was calculated
based on fetal crown-rump length, as described by
McGeady et al. (2017).

The fetus/foal, umbilical cord and placenta were
checked for macroscopic abnormalities. The thoracic
and abdominal cavities were cut-opened, followed by
tissue sampling of the lung and liver. The skull was
disarticulated at the atlantooccipital joint followed by
sagittal dissection and tissue sampling of the brain.
Finally, the placenta underwent tissue sampling.

All samples were separately packed and sent under
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Total cases
n=133
e abortions/stillbirths (n=128)
e neonatal deaths (n=>5)

Total cases analyzed
n=105
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~

/Cases with incomplete protocol (n=28)

e absent placental tissue (n=16)
absent brain tissue (n=5)
absent placental and brain tissue
(n=4)

e only placental tissue submitted
(n=2)

¢ only lung tissue submitted (n=1)

N /

Figure 1. Flow chart showing the initial and final study population and the reasons of exclusion.

cooled conditions (4°C) to LABEO (Caen, France)
for PCR examination.

Molecular analysis

The presence of EHV-1, equine herpesvirus-4
(EHV-4), equine viral arteritis (EVA), Lepstospira
interrogans (L. interrogans), Streptococcus equi sub-
species zooepidemicus (S. zooepidemicus), and Coxi-
ella burnetii (C. burnetii) was systematically investi-
gated by a simple real-time PCR on a pool sample of
liver and lung tissue. The real-time PCR for the de-
tection of Neospora caninum (N. caninum) and Chla-

Figure 2. Enlarged liver with white necrotic foci on the
capsular surface (rectangular) of an aborted foal diag-
nosed with EHV-1. These typical lesions were only seen
in half of EHV-1 positive cases.

mydophila spp. (Chlamydophila abortus, psittaci and
pecorum) was performed on brain and placenta, re-
spectively. Nucleic acids of the collected organs were
extracted using the Qiagen (QIAamp DNA/RNeasy
mini kits) procedure according to the manufacturer’s
instructions. The real-time PCR tests were performed
according to previously described procedures (Léon
et al., 2006; Diallo et al., 2007; Pronost et al., 2010;
Léon et al., 2012; Pronost et al., 2012).

RESULTS

The majority of analyzed cases (66%) happened
between the 7" and 10" month of gestation (range
3-11 months). Forty percent of the analyzed cases
were abortions, 57% were stillbirth cases (>300 days
of gestation), while 3% of the cases were neonatal
deaths.

In 35% of the analyzed cases (37/105), an infec-
tious agent could be detected. In 65% (68/105) of the
cases, no infectious agent was detected, nor was there
an apparent cause of abortion seen.

Viral infection

The main infectious agent that could be detected
was EHV-1. This virus was present in 49% of the di-
agnosed cases (19/39). In 58% of the EHV-1 positive
cases (11/19), post-mortem examination revealed le-
sions such as icterus, and an enlarged liver with or
without pinpoint necrotic foci was noticed (Figure 2).

No cases were positive for EVA.
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Bacterial infection

In 28% of the diagnosed cases (11/39), S. zooepi-
demicus was detected. Coxiella burnetii was detected
in 18% of the diagnosed cases (7/39). In two of these
C. burnetii positive cases, a co-infection was noticed
(one with S. zooepidemicus; one with EHV-1). Only
one case was positive for Leptospira interrogans (3%;
1/39), and no cases were positive for Chlamydophila

spp.
Parasitic infection

Three percent of the diagnosed cases (1/39) was
positive for N. caninum.

Non-infectious

In 4% of the analyzed cases (4/105), umbilical
cord strangulation was present.

The results of the diagnostic analyses and the sam-
pled tissues are summarized in Table 1.

In 5.7% of the analyzed cases (6/105), a presump-
tive diagnosis of placentitis was made based on gross
abnormalities, such as thickening, edema and disco-
loration. However, no infectious agents could be de-
tected in these cases.

DISCUSSION

This is the first overall survey in Belgium with the
objective to establish an epidemiologic insight into
equine ASND. In 37% of the analyzed cases (39/105),
an infectious agent was detected.

In most large-case studies on aborted foals focus-
sing on well-known pathogens causing abortion in
horses (EHV-1 and S. zooepidemicus), standard mi-
crobiological, fungal examination, and viral isolation
are used. In these surveys, prevalences of infectious
causes of abortion ranging from 12% (Rickets et al.,
2003) to 20% (Smith et al., 2003) have been reported.

61

Léon et al. (2012) were the first to investigate an ex-
tensive panel of abortifacient pathogens (EHV, EVA,
S. zooepidemicus, Leptospira, C. burnetii, N. caninum
and C. abortus) in French horses using molecular
analysis, resulting in a diagnostic rate of 27%. Sze-
redi et al. (2008) also used PCR to target EHV-1 and
C. abortus in aborted foals. The higher diagnostic rate
in the present study may be the result of the use of
molecular analysis, or the higher prevalence of some
of the analyzed pathogens. Additionally, the higher
detection of infectious agents may also be caused by
submission bias. Horse owners and their veterinarians
may be more motivated to submit ASND cases for
laboratory analysis when infectious causes are sus-
pected.

In the present study, EHV-1 was the leading
cause of equine ASND, similar to reports worldwide
throughout all stages of pregnancy (Macleay et al.,
2022). Both EHV-1 and EHV-4 are endemic in horses
worldwide, but regional differences exist (Allen et
al., 1999; Yildirim et al., 2015). In the UK, EHV was
detected in 7% of aborted foals (Ricketts et al.,2001;
Smith et al., 2003). The large majority of these cases
represented an EHV-1 infection (>90%) which corre-
sponds with other studies (Patel and Heldens, 2005).
In France, Léon et al. (2012) identified EHV-1 infec-
tion in 8.8% of aborted foals. These percentages are
low compared to the present study, which suggests a
higher circulation of EHV-1 in Belgium than in some
other countries. Belgium is known for its important
role in equine breeding, and it is also a popular eques-
trian sports country. Consequently, there is a higher
chance of direct contact between animals, which may
lead to new outbreaks of EHV-1, as already shown
in the past (Carvelli et al.,, 2022). In other impor-
tant horse breeding areas, such as the USA and UK,
EHV-1 positive cases have declined over time, which
was attributed to a combination of vaccination and
improved risk reduction (Macleay et al., 2022). The
higher number of EHV-1 positive cases in the present
study could be the result of the fact that the involved
veterinarian might have been more inclined to refer

Table 1. Results of diagnostic analyses in 105 cases of equine abortion, stillbirth and neonatal death. In 37% of the
cases (39/105), at least one infectious abortifacient agent could be detected (= diagnosed cases).

Pathogen % positive % positive of Sample type
(n=105) diagnosed cases (n=39)

EHV-1 18.1 48.7 Fetal/foal liver and lung

S. zooepidemicus 10.5 28.2 Fetal/foal liver and lung

C. burnetii 6.7 17.9 Fetal/foal liver and lung

L. interrogans 1.0 2.6 Fetal/foal liver and lung

N. caninum 1.0 2.6 Fetal/foal brain

Chlamydophila spp. 0 0 Placenta

EHV-4 0 0 Fetal/foal liver and lung

EVA 0 0 Fetal/foal liver and lung
EHV-1 = equine herpesvirus-1; S. zooepidemicus = Streptococcus equi subspecies zooepidemicus; C. burnetii = Coxiella burnetii; L.

interrogans = Leptospira interrogans; N. caninum = Neospora caninum; EHV-4 = equine herpesvirus-4; EVA = equine viral arteritis
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only EHV-suspected cases for further investigation.
Weber et al. (2018) also used a PCR test to detect in-
fectious causes of abortion, but they found EHV-1/4
in only 9% of abortion cases.

In 7% of the analyzed cases, C. burnetii could be
detected in liver and lung tissues of the fetus/foal.
This prevalence suggests a high circulation of this
bacterium in Belgium. Recently, 8.5% of Belgian bo-
vine abortions originating from Wallonia, were tested
positive for C. burnetii on the basis of a PCR test on
a pool of fetal spleen and, if available, placental cote-
lydones (Saegerman et al., 2022). In Flanders, a per-
centage of only 1.5 % of bovine cases tested positive
for C. burnetii. However, in these Flemish cases, only
the fetal abomasal content was tested by PCR (Van
Loo et al., 2021). Not much literature is available
regarding C. burnetii infections in horses. A pooled
mean seroprevalence of 15.8% has been calculated
in horses (Marenzoni et al., 2013). Léon et al. (2012)
were the first to report the presence of C. burnetii in
1.5% of aborted foals. The placenta is the target organ
of C. burnetii (Clothier and Anderson, 2016). In the
study by Léon et al. (2012), both lung and placental
tissues of equine fetuses were tested by PCR. How-
ever, it was not specified if there were significant dif-
ferences in prevalence between both tested organs. In
the present study, in 2/7 of the C. burnetii positive
cases, co-infection was present (one co-infection with
EHV-1 and one co-infection with S. zooepidemicus).
Presuming that this EHV-1 infection was the cause of
abortion, the percentage of C. burnetii positive ASND
cases may be overestimated in the present study. Con-
sidering the zoonotic character of C. burnetii, extra
attention should be paid to this pathogen (Deyell et
al., 2006). More studies, including histology and im-
munohistochemistry, are needed to further unravel the
role of this pathogen in equine ASND.

L. interrogans is considered to be one of the most
widespread zoonosis worldwide (Levett, 2001). Lep-
tospirosis has also been described as a cause of pla-
centitis in horses (Ellis and O’ brien, 1988; Donahue
et al., 2000). Moreover, the disease has been docu-
mented as the second most common cause of equine
abortion in North America (Donahue et al., 1991; Ma-
cleay et al., 2022). However, only 4% of equine cases
of pregnancy loss positive for leptospirosis worldwide
originated from Europe (Macleay et al., 2022). Up till
now, no information is available concerning the role
of leptospirosis in equine ASND in Belgium. In the
present study, only 3% of the diagnosed cases were
positive for L. interrogans. Differences in density of
the horse population and in the presence of wild ani-
mal reservoirs may explain the lower prevalence of
leptospirosis in our region compared to others.

Neospora caninum, an apicomplexa protozoan
parasite, is recognized as a major cause of abortion in
cattle (Dubey, 2005; Dubey and Schares, 2006; Van
Loo et al., 2021). In horses, an association between
equine reproductive disorders and N. caninum infec-
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tion has also been suggested (Villalobos et al., 2006;
Veronesi et al., 2008). The number of animals with el-
evated anti-Neospora specific antibodies is higher in
aborting mares (Pitel et al., 2003; Kligler et al.,2007).
Léon et al. (2012) detected N. caninum by molecular
analysis in 1% of aborted foals in France. PCR for N.
caninum was positive in 23% of brain specimen from
aborted foals in a study by Veronesi et al. (2008). In
the present study, N. caninum was detected in only
one case in the brain. However, as this parasite is very
easily transmitted from infected mother to fetus, it can
also be found in cases where N. caninum is not the
cause of abortion (Dubey and Schares, 2006). Verone-
si et al. (2008) also reported infections with N. cani-
num in aborted foals where the abortion event was as-
sumed as primarily caused by EHV-1. Histology was
not performed in this study, which could have been
useful in order to correlate results of the PCR with
the detection of N. caninum tachyzoites in fetal tis-
sues (Dubey and Schares, 2006). However, detecting
these protozoal agents in brain specimens by histo-
logical examination may be challenging (Veronesi et
al., 2008).

In the present study, no EVA virus was detected.
However, a serological study has shown that 10% of
tested horses in Belgium presented specific antibodies
to EVA (unpublished data, Lauwers, 1997-1998). In
2000, a severe outbreak of EVA infection happened in
a Belgian Arabian stud farm (Van der Meulen et al.,
2001). Gryspeerdt et al. (2009) reported also a small
outbreak of neonatal death caused by EVA infection
in Belgium.

Chlamydophila abortus, C. psittaci or C. peco-
rum were not detected in this study. There is only
limited information available regarding the role of
Chlamydophila spp in equine abortion. Abortions as-
sociated with C. psittaci have been reported in both
Australia and Europe (France, Germany, Hungary and
Switzerland) (Macleay et al., 2022). A high preva-
lence of C. psittaci in equine fetal membranes has
been demonstrated in Hungary (Szeredi et al., 2005).
Reports based on molecular tests also associated C.
psittaci with equine abortion (Henning et al., 2000;
Telocnik et al., 2018).

Placentitis is known as one of the main causes of
infectious ASND in horses (Brinsko et al., 2011). Ac-
cording to a study by Macleay et al. (2022), placen-
titis accounted for 16% of reported pregnancy loss in
mares worldwide. However, this percentage may be
an underestimation as the diagnosis of placentitis in
most studies is only based on gross placental exami-
nation without further cause-specific laboratory tests
or histology (Macleay et al., 2022). Histopathology
has been described as the standard tool for definitive
diagnosis of placentitis (Cummins et al., 2008). Un-
fortunately, in the present study, no microbiological
or histological examination on placental tissue was
performed because of autolysis, contamination or
scavenger damage in multiple cases. Studies in the
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US (Tengelsen et al., 1997) and France (Bain et al.,
1996) using microbiologic examination of the pla-
centa, showed an infection by S. zooepidemicus in 7%
and 24% of equine abortions, respectively.

No analyses were performed to detect nocardio-
form placentitis. This specific type of placentitis is
associated with gram-positive branching actinomy-
cetes. The disease causes episodic abortions and weak
neonates in horses, primarily in the USA (Fedorka
et al.,, 2021). However, nocardioform placentitis is
rather uncommon in Europe (Cattoli et al., 2004), and
therefore, this pathogen was not included in the cur-
rent study.

Non-infectious conditions such as umbilical cord
abnormalities were rarely detected in the present
study. In the literature, umbilical cord disorders in
horses have been reported with an incidence ranging
from 0.8 to 46% (Smith, et al. 2003; Tengelsen et al.,
1997; Ricketts et al., 2003; Weber et al., 2018). Ma-
cleay (2022) reported umbilical cord torsion mainly
in Europe and North America, in both mid and late
gestation. In the current study, which included pre-
dominantly warmblood foals, 4% of the cases showed
umbilical strangulations. Important to mention is that
in half of these cases, no infectious pathogen was de-
tected. In the other half of the cases, an infection with
S. zooepidemicus was diagnosed. During agony, um-
bilical strangulation can occur, secondary to the pri-
mary cause of compromise. Twisted umbilical cords
without vascular compromise can often be seen in
aborted foals (Vandenplassche and Lauwers, 1986).
Umbilical strangulation in this study was only men-
tioned if edema, congestion or hemorrhage of the cord
was present. Umbilical or placental disorders were
possibly underestimated in this study due to the sub-
mission of incomplete placental tissue specimens and/
or the absence of the umbilical cord in multiple cases.

Miscellaneous conditions such as dystocia or twin-
ning could be missed due to the limited availability
of history in several cases, and the less likelihood of
such cases to be submitted as the main aim of submis-
sion to a diagnostic lab is the exclusion of infectious
causes. Twin pregnancy was the main cause of non-
infectious abortion (21.1%) in the study by Weber et
al. (2018). Late-term twin pregnancies are however
quite rare in Belgian horses because of routine ultra-
sonographic examination in early pregnancy.

CONCLUSION

In this study, the importance of PCR tests is con-
firmed, as advanced autolysis or strenuous culture
protocols are often limiting factors in standard inves-
tigation protocols of equine ASND.

EHV-1 was the predominant infectious cause of
ASND in Belgian horses, which is comparable to
results worldwide. The high prevalence of S. equi
subspecies zooepidemicus in this study highlights the
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importance of molecular analysis for this pathogen
in future studies. Given the detection of C. burnetii
and Leptospira spp., these zoonotic pathogens should
be taken into account as possible causes of equine
ASND.

As an infectious agent was detected in only 37% of
the cases, additional analyses to detect both infectious
and non-infectious causes of ASND in horses are re-
quired to increase the diagnostic rate.
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