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ABSTRACT

An epizootic caused by a new orthobunyavirus called Schmallenberg virus (SBV) was recognised in
European ruminants in 2011 and 2012. The re-emergence of the infection was reported in several
countries in the subsequent years. Although the main clinical sign of SBV infection is abortion, the
impact of SBV in natural cases of abortion in domestic ruminants had not been systematically examined
before this study. The aim of the study was to investigate the role of SBV infection and to compare it to
the importance of other causes of abortion by examining 537 natural cases of abortion that had
occurred between 2011 and 2017 in Hungary. The cause of abortion was determined in 165 (31%) cases.
An infectious cause was proved in 88 (16%) cases. SBV infection was found only in a total of four cases
(0.8%) using real-time polymerase chain reaction. Three of them proved to be inapparent SBV infection,
and one case was attributed to SBV-induced abortion by detecting non-purulent encephalitis and SBV
nucleoprotein by immunohistochemistry in a brain tissue sample. According to the results, SBV played
a minor role in natural cases of domestic ruminant abortion in Hungary during the 7-year period
following the first SBV outbreak in 2011.
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INTRODUCTION

A new disease in dairy cattle was reported in north-western Germany and the Netherlands in the
late summer and autumn of 2011. Sudden decrease in milk production, fever and diarrhoea,
followed by abortion, premature birth or stillbirth were the main clinical signs (Wernike et al.,
2015). The aborted fetuses presented severe congenital malformations, cavitations in the central
nervous system, and myeloencephalitis (Herder et al., 2013). A new orthobunyavirus called
Schmallenberg virus (SBV) was identified as the cause of the disease using next-generation
sequencing-based metagenomic analysis (Hoffmann et al., 2012). SBV predominantly infects
domestic and wild ruminants, but antibodies were also detected in dogs and wild boars (Wernike
et al.,, 2015). The infection is transmitted by Culicoides as in the case of bluetongue virus (BTV),
and it has spread quickly in Europe and the neighbouring areas (Wernike et al, 2015). SBV
infection was detected in Hungary for the first time in October 2012 (Fehér et al., 2017).

There are reports dealing with the significance and economic aspects of SBV infection in
domestic ruminants (Veldhuis et al., 2013; Dominguez et al., 2014). However, the relevance
of SBV infection has not been determined so far in natural cases of abortion in the years
following the emergence of SBV. The aim of the present retrospective study was to collect
data about the prevalence of SBV-induced abortion between 2011 and 2017, and the
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importance of this infection compared to other causes of
abortion in cattle, sheep and goats in Hungary.

MATERIALS AND METHODS

Samples were submitted in a total of 2,904 abortion cases
from cattle, sheep and goats to the National Food Chain
Safety Office Veterinary Diagnostic Directorate, Budapest
from 15 out of the 19 counties of Hungary between 1 June
2011 and 31 December 2017. The majority of samples (from
2,367 cases) were intended for testing for bluetongue disease
and/or brucellosis. Since no further investigations were
applied in these cases, they were not included in the study. In
the remaining 537 cases a detailed laboratory examination
was performed, and these cases were selected for this study.
Aborted fetuses from cattle (387 cases, 72%), sheep (112
cases, 21%) and goats (38 cases, 7%) were subjected to gross
pathological and histopathological examination. Fetal mem-
branes were examined in 83 (21%), 56 (50%) and 12 (36%)
cases, respectively. For histopathological examination, brain,
liver, spleen, kidney and fetal membranes were fixed in 8%
buffered formalin, embedded in paraffin wax, cut into 4-um
sections and stained with haematoxylin and eosin. Special
histological stains (Brown-Brenn, Giemsa, periodic acid-
Schiff and Gomori methenamine silver stains) and anti-BCG
antibody-based immunohistochemistry (IHC, Table 1) were
used to detect bacteria and fungi in suspected cases. Von

Kossa and Prussian blue stains were used for the detection of
dystrophic calcification and previous haemorrhages, respec-
tively, in brain tissue in cases of SBV infection and in cases
presenting congenital malformations. Detection of Leptospira
was attempted with Warthin-Starry staining in all cases.
Leptospira-positive cases were confirmed by IHC (Table 1).
THC tests were used as well to detect Listeria monocytogenes
and Salmonella spp. in fetal tissue samples and placenta to
confirm the bacterial culture results (Table 1). Additionally,
IHC was used for the detection of Chlamydiaceae, Coxiella
burnetii, bovine herpesvirus-1 (BoHV-1) and Neospora
caninum/Sarcocystis in cases with histopathological alter-
ations suspicious for the corresponding infection (Table 1).
In the case of a positive N. caninum/Sarcocystis result,
Toxoplasma gondii IHC was applied on serial tissue sections
to determine the presence or absence of T. gondii (Table 1).
The occurrence of bovine virus diarrhoea virus (BVDV) was
examined by IHC method (Table 1) on fetal calf brain tissue.
Real-time polymerase chain reaction (RT-PCR) was used for
the detection of BTV and SBV in fetal spleen and brain,
respectively (Hofmann et al., 2008; Bilk et al., 2012; Fehér
et al, 2017). SBV-positive cases and cases presenting
congenital malformations were further examined by IHC to
detect SBV nucleocapsid protein (Table 1). Bacterial culture
was made in all cases from fetal stomach content and fetal
membranes, if available, for the detection of Brucella,
Campylobacter and aerobic bacteria.

All cases were analysed and classified into two main
categories: known or unknown cause of abortion (Table 2).

Table 1. Dilution and source of the primary antibodies and the detection systems used in the immunohistochemical examination

Detected Dilution of primary Clone or host
pathogen antibody species Source of the primary antibody Detection system
BVDV 1:10,000 15.c.5 IDEXX Laboratories Envision 4 System-HRP
(Dako, Glostrup,
Denmark)
BoHV-1 1:40,000 F2 VMRD, Pullman, WA, USA Envision 4 System-HRP
SBV 1:3,000 rabbit (kindly provided by M. Palmarini, Envision + System-HRP
Varela et al., 2013)
Chlamydiaceae 1:1,000 ACI Progen GmbH, Heidelberg, Envision 4 System-HRP
(LPS) Germany
Coxiella burnetii 1:20,000 rabbit Kindly provided by W. Envision + System-HRP
Baumgartner
Leptospira 1:100,000 rabbit NVSL, Ames, IA, USA Envision + System-HRP
Listeria 1:10,000 rabbit Difco Laboratories, Detroit, MI, Envision + System-HRP
monocytogenes USA
Salmonella spp. 5,000 mouse, O-antigens  SIFIN Diagnostic GmbH, Berlin, Envision + System-HRP
Germany
Neospora 1:20,000 goat VMRD Vectastain Elite ABC Kit
caninum® (Vector Laboratories)
Toxoplasma 1:2,000 rabbit Biogenex, Fremont, CA, USA Envision + System-HRP
gondii®
Anti-BCG 1:20,000 rabbit Dako, Glostrup, Denmark Envision 4 System-HRP
antibody®

*The reagent detects Neospora caninum, Sarcocystis and Toxoplasma gondii in formalin-fixed and paraffin-embedded tissue samples
according to our previous testing. "The reagent detects Toxoplasma gondii but not Neospora caninum or Sarcocystis in formalin-fixed and
paraffin-embedded tissue samples according to our previous testing. “The reagent detects several bacteria, fungi and parasites (Szeredi et al.,

2008).
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Table 2. The number and percentages (%) of different infectious
and non-infectious causes of abortion in cattle, sheep and goat

Table 3. Numbers and percentages (%) of examined abortion cases
with identified infectious agents in cattle, sheep and goats

Cattle Sheep Goat Total Cause of abortion Cattle Sheep Goat Total
Known cause 95 (25) 58 (52) 12 (32) 165 (31) Bacteria induced 11 (24) 3 (8) 0 14 (16)
of abortion abortion with
Bacteria 29 (7) 37 (33) 4 (11) 70 (13.4) negative bacterial
Fungi 4 (1) 0 0 4 (1) culture result®
Protozoa 6 (2) 1(1)* 0 7 (1.3) Pathogenic bacteria 5(10) 33 (86) 4 (100) 42 (47)
Viruses 7 (2)° 0 0 7 (1.3) Chlamydiaceae 0 33 (86) 4 (100) 37 (42)
Suspicious for 41 (10) 20 (18) 7 (18) 68 (12) Coxiella burnetii 1 (2) 0 0 1(1)
infection® Listeria monocytogenes 2 (4) 0 0 2(2)
Non-infectious 8 (3) 0 1(3) 9 (2) Salmonella spp. 2 (4) 0 0 2 (2)
abortions Opportunistic bacteria 13 (28) 1(3) 0 14 (16)
The cause of 290 (75) 54 (48) 26 (68) 372 (69) Escherichia coli 2 (4) 0 0 2(2)
abortion is Streptococcus uberis 1 (2) 0 0 1(1)
not known Trueperella pyogenes 10 (22) 0 0 10 (12)
Total 387 (100) 112 (100) 38 (100) 537 (100) Yersinia 0 1(3) 0 1(1)
“Inapparent SBV infection is also identified. bInapparent SBV F P seudotuberculosis 4 4
infection in two cases. “Inflammation is present in the fetal unst ) ©) 0 b 0 5)
membranes and/or in fetal organs, but no pathogenic organism Neospora ca{mnum/ 6 (13) 13 0 7
could be detected in the affected tissues. Sarcocystis
BVDV 4 (9) 0 0 4 (5)
SBV 3(7° 0 0 3 (3)
Total 46 (100) 38 (100) 4 (100) 88 (100)

The former category was further divided into six sub-
categories. (1) Bacterium-induced abortion was diagnosed,
when pathogenic bacteria were cultured. Cases showing the
growth of opportunistic bacteria in pure or in almost pure
culture with the parallel presence of inflammatory infiltra-
tion in fetal membranes or organs were also included in this
category. Cases with negative bacterial culture result were
included in this category as well, when large numbers of
bacteria with the same morphology and Gram-staining
character in or next to inflammatory infiltrations were
observed by histopathological examination. Abortion
induced by Chlamydiaceae and C. burnetii was diagnosed,
when these agents were detected in the affected tissues using
IHC test. Leptospira abortion was the diagnosis if both
Warthin-Starry staining and IHC test identified Leptospira
in tissue samples. (2) Abortion induced by fungi was the
diagnosis if fungal elements were evident in fetal membranes
presenting necrotic inflammation. (3) Protozoon-induced
abortion was diagnosed when N. caninum/Sarcocystis or T.
gondii were demonstrated using IHC in association with
granulomatous inflammation accompanied by focal necroses
or haemorrhages and non-suppurative inflammation in
brain tissues. (4) The category of virus-induced abortions
included abortion cases positive for BVDV, BTV, BoHV-1
or SBV. (5) Cases presenting mild to severe inflammatory
infiltration in one or several tissue samples without a
detectable pathogen were placed in the category of cases
suspicious for infections. (6) Abortion cases of non-infec-
tious origin were put in the last category.

RESULTS

The results of the study are summarised in Tables 2 and 3.
The cause of abortion was determined only in 165 (31%) of

*Bacterial culture of the fetal membranes and/or fetal stomach
content remained negative, but groups of bacteria with uniform
morphology and of intra- and/or extracellular location could be
observed in or next to the area of inflammatory cell infiltration.
“Inapparent SBV infection is also identified. “Inapparent SBV
infection in two cases.

the 537 cases. Brucella was not detected. Pathogenic bacteria
were identified most often (42 cases), followed by opportu-
nistic bacteria (14 cases), bacterium-induced abortion cases
with negative bacterial culture result (14 cases), viruses (7
cases), protozoa (6 cases), fungi (4 cases) and both viruses
and protozoa (1 case) among the 88 abortion cases with
determined infectious origin (Table 3). Non-infectious cases
included malformations (4 cases), trauma (2 cases), goitre (1
case) and liver fibrosis (1 case) in cattle and goitre (1 case) in
goat abortion cases (Table 2).

Viruses were identified only in the minority of cases
(1.3%, Table 2). Half of those proved to be BVDV infection.
Moderate to large numbers of immunolabelled cells were
found in the brain in these cases without the presence of any
pathological or histopathological changes in fetuses and
placenta (Fig. 1B). The remaining four viral abortion cases
were positive for SBV by RT-PCR. Malformations were not
evident in these cases on pathologic examination. Three
cases of SBV infection occurred in calves (two cases in
October 2012 and one case in October 2016), and one case
in a lamb (in February 2015) in four different farms located
in the western and central part of Hungary. SBV was absent
in the remaining 533 cases, including 4 cases presenting
congenital malformations. SBV was detected using IHC test
only in a single calf, which was the first confirmed case of
SBV infection in Hungary (Fehér et al.,, 2017). The presence
of a large amount of viral nucleocapsid protein in the axon
and cytoplasm of neurons was associated with moderate
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Figure 1. A: Brain, aborted calf. Abortion induced by Schmallenberg virus (SBV). Moderate, non-purulent encephalitis is evident. Large

numbers of neurons and axons are immunolabelled with rabbit anti-SBV-nucleoprotein specific reagent. SBV-IHC, X 100. B: Brain, aborted

calf. Numerous neurons and an endothelial cell are immunolabelled for BVDV. BVDV-IHC, X 200. C: Brain, aborted lamb. Focal,

granulomatous encephalitis. A single tachyzoite is immunolabelled with anti-Neospora caninum reagent (arrowhead). Parallel presence of

inapparent SBV infection was identified using RT-PCR test. Neospora caninum IHC, X 200. D: Liver, aborted lamb. Focal, acute, necro-
purulent hepatitis with the parallel presence of Chlamydiaceae LPS. Chlamydiaceae THC, X 200

lympho-histiocytic vasculitis and perivasculitis and the
occurrence of several glial nodules in the brain tissue
(Fig. 1A). No SBV nucleocapsid protein and no histopath-
ological alterations were found in the fetal lungs, liver, spleen
and kidney in this case. Severe dystrophic calcification of the
placental connective tissue and acute aspiration of amniotic
fluid without inflammatory infiltration in the lungs were
observed in the remaining two cases of bovine abortion
presenting SBV infection. Tissue lesions were absent from
the brain, liver, kidney and spleen in both cases. Histo-
pathological lesions characteristic of protozoal infection
were detected in the brain tissue of the SBV-infected lamb,
e.g. multifocal granulomatous encephalitis associated with
focal necrosis and haemorrhages. Low numbers of tachy-
zoites were immunolabelled with anti-N. caninum reagent
(Fig. 1C), while they were not immunolabelled with anti-T.
gondii reagent using IHC test. Histopathological lesions were
absent from the liver, spleen and kidney of this lamb. Focal
dystrophic calcification and multifocal iron deposits sug-
gestive of previous tissue damages were demonstrated in the
brain tissue in one of the four calves presenting congenital
malformations. Brachygnathia inferior, torticollis and renal
agenesis were evident in this calf. Dystrophic calcification or
iron deposits were not detected in the brain tissues in any of
the SBV-positive cases. BTV and BoHV-1 were not identi-
fied in any case.

Chlamydiaceae were the most often detected pathogenic
bacteria (Table 3), which were responsible for the majority
of abortion cases in small ruminants. Necropurulent pla-
centitis was the main lesion in these cases. Multifocal nec-
ropurulent inflammation was evident as well with the
parallel presence of Chlamydiaceae antigen in the liver and

lungs in a few cases (Fig. 1D). Moderate necropurulent
placentitis was found in the case of C. burnetii abortion.
Mild to moderate autolysis without any histologic alteration
was observed in the abortion cases induced by L. mono-
cytogenes and Salmonella spp. Moderate to large amounts of
bacterial antigens could be demonstrated in the fetal organs
using IHC in these cases (Fig. 2A and B). Catarrhal to pu-
rulent placentitis and/or pneumonia with the parallel
occurrence of bacteria were the main histopathological le-
sions in abortion cases caused by opportunistic bacteria
(Fig. 2C). Leptospira spp. were not identified in any case.
Fungal hyphae were evident in areas of severe necrotic
placentitis in abortion cases induced by fungi (Fig. 2D). In
cases of abortion induced by N. caninum/Sarcocystis,
multifocal glial cell accumulation and the parallel presence
of immunolabelled tachyzoites in the brain tissue were the
main findings (Fig. 1C). Additionally, lympho-histiocytic
vasculitis and scant focal acute haemorrhages were observed
in the brain tissue in a few cases as well.

DISCUSSION

The infectious causes of abortions were similar in the pre-
sent study to those commonly detected in ruminants in
Europe (Borel et al,, 2014). The present results are compa-
rable to the findings of a previous report examining sheep
and goat abortions in Hungary (Szeredi et al., 2006). How-
ever, this is the first study providing data about the different
causes of bovine abortion in Hungary. Previously, infectious
bovine abortions were detected in 28.5-58% of the cases
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Figure 2. A: Kidney, aborted calf. Large numbers of Listeria monocytogenes bacteria are present in the unaffected tissue. Listeria mono-

cytogenes THC, X 200. B: Spleen, aborted calf. Large numbers of Salmonella spp. bacteria are present in the unaffected tissue. Salmonella

IHC, X 200. C: Lung, aborted calf. Acute, purulent bronchopneumonia with the parallel presence of numerous bacteria. Trueperella

pyogenes was cultured in pure culture from the fetal stomach content. BCG-IHC, X 200. D: Aborted fetal membrane, cattle. Fungus-induced
abortion. Necrotic placentitis with the parallel presence of numerous hyphae. BCG-IHC, X 200

(Reitt et al., 2007; Clothier and Anderson, 2016). The fre-
quency of bovine abortions of infectious origin was signifi-
cantly lower in the present study (16%) compared to
previous studies. Probably the relatively low number of fetal
membranes submitted for examination is responsible for this
low prevalence (151/537, 28%), since the placenta is the
principal target organ for several abortifacient infections.
Infectious cause was only suspected in 68 (12%) of the
present cases by detecting mild to severe inflammatory
infiltration in the fetal organs and placenta (Table 2). In the
majority of these cases (61 cases, 90%) fetal membranes were
not sent for examination, which can partly explain the un-
successful identification of infection.

The re-emergence of SBV epizootics was repeatedly
observed in European countries after the first outbreak in
2011 (Wernike et al., 2015; Delooz et al., 2017; Wernike et al.,
2018). A similar phenomenon was observed in epizootics
caused by Akabane virus, which is closely related to SBV.
This might be the result of decreasing herd immunity caused
by the appearance of young seronegative animals (Wernike
etal, 2018). A comparable re-emergence of an SBV epizootic
could be demonstrated in the present study. However, SBV
infection was found only sporadically (4/537, 0.8%) in three
different years (2012, 2015, and 2016). Only one of these
cases could be definitely diagnosed as an SBV-induced
abortion, which was the first case of SBV-induced disease in
Hungary. Non-suppurative encephalitis was associated with
the presence of viral RNA and nucleocapsid protein in the
brain tissue in this case, similar to previous reports (Herder
et al, 2013; Peperkamp et al., 2015). Fetal neurons were
demonstrated to be the primary place of replication of SBV
(Herder et al,, 2013; Varela et al., 2013), while other fetal
tissues had only a minor role in viral growth (Laloy et al.,
2017). This was further supported by the result of the present

study in which SBV nucleocapsid protein was detected
exclusively in fetal brain tissue. Only inapparent viral infec-
tion could be determined in the remaining three cases pre-
senting SBV RNA, without the occurrence of SBV
nucleocapsid protein and characteristic pathological or his-
topathological alterations. Protozoal infection was the most
likely cause of abortion in one of these cases, while severe
dystrophic calcification of the fetal membranes and acute
meconium aspiration probably caused by fetal stress were the
only findings in the two remaining cases of bovine abortion.
The low economic impact of SBV disease in commercial
sheep flocks and goat herds was indicated in a previous
report as well (Lievaart-Peterson et al., 2015).

SBV is a teratogenic virus, which can cause varying de-
grees of deformation in the brain, spinal cord, and extrem-
ities (Wernike et al., 2014). A previous report indicates that
lambs are much more affected by congenital malformations
compared to calves in SBV-infected herds (Dominguez et al.,
2014). Only 4 out of 537 (0.8%) cases presented different
types of congenital malformations in this study. No infec-
tious agent could be identified in any of these cases, and all
of them were bovine abortion cases. Since SBV might have
been eliminated from the infected fetus by the time of
abortion, previous SBV infection could not be excluded with
complete certainty in these four cases (Bouwstra et al., 2013;
De Regge et al., 2013; Herder et al., 2013; Wernike and Beer,
2017). Interestingly, histopathological alterations indicating
previous damage of brain tissue (dystrophic calcification and
iron deposits) were detected in one of the cases presenting
congenital malformations. Corresponding lesions were ab-
sent in the fetuses infected with SBV. The low incidence of
dystrophic calcification and the presence of iron deposits in
the brain tissue was reported previously in SBV-infected
malformed fetuses (Herder et al., 2013).
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SBV was identified in 29%, 14% and 9% of lambs, calves
and goat kids, respectively, in the Netherlands by RT-PCR
examination of 2,166 malformed newborn animals collected
during 6 months at the beginning of the SBV epizootic
(Bouwstra et al., 2013). This frequency is significantly higher
than that found in the present study. One explanation could
be the different type of samples (only malformed fetuses vs.
all aborted fetuses). An additional explanation could be the
different number of infected arthropod vectors in the two
geographical areas. Infected Culicoides biting midges are
thought to be the main vectors spreading SBV infection
(Wernike and Beer, 2017). We suppose that only a limited
number of infected Culicoides reached Hungary, which may
have prevented a severe SBV epizootic in this country.
Additionally, a recent experimental infection of heifers
indicated that bovine fetuses have a natural resistance to
SBV infection (Konig et al., 2019). This could be a further
explanation for the extremely low prevalence of SBV-
induced abortion, since the majority (72%) of abortion cases
originated from cattle in the present study.

In conclusion, SBV infection played only a minor role in
the abortion of domestic ruminants in Hungary in the
period of the study. However, suboptimal changes in global
climatic conditions in the future, resulting in increasing
populations of SBV-infected Culicoides, can dramatically
alter this situation.
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