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Ege Bolgesi'nde sigirlarda abortusa neden olan dért 6nemli virus tizerine bir
arastirma
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Amag: Calismanin amaci, Tirkiye'nin Ege Bolgesi'nde 2015-2019
yillar1 arasinda sigir abortus vakalarinda Bovine herpesvirus-1
(BHV-1), Schmallenberg virus (SBV), Akabane virus (AKAV) ve
pestivirus'iin roliinti aragtirmaktir.

Gere¢ ve Yontem: Bu calismada, 2015-2019 yillar1 arasinda
Tiirkiye'nin Ege Bolgesi'nden toplanan 204 aborte fetiis 6rnegi ince-
lenmistir. Bu amagla Bovine herpesvirus-1 (BHV-1), Schmallenberg
virus (SBV) ve pestivirus taramasi i¢in real-time PCR teknigi kulla-
nilirken, Akabane virus (AKAV) i¢in ise nested-PCR teknigi kullanil-
mistir.

Bulgular: incelenen érneklerin 25'1 (%12.3) pestivirus pozitif, 1'i
(%0.5) Akabane pozitif ve 1'i de (%0.5) BHV-1 pozitif bulundu. SBV
tespit edilmedi. Bu sonuglara gore, Ege Bolgesi'nde en fazla aborta
neden olan viral etkenin pestiviriis oldugu belirlendi. Laboratuvara
en fazla abort materyalinin 2018 yilinda gonderildigi, bunu 2019,
2017,2016 ve 2015 yillarinin takip ettigi belirlendi.

Oneri: Bu calismanin sonuglarina dayanarak, Ege bélgesinde tes-
pit ettigimiz etkenler gelecek degerlendirmelerde dikkate alinmali,
kontrol ve izleme ¢alismalari olusturulmalidir.

Anahtar kelimeler: Abort, Akabane virus, Bovine herpesvirus-1,
pestivirus, Schmallenberg virus
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Abstract

Aim: The aim of the study was to investigate the role of Bovine her-
pesvirus-1 (BHV-1), Schmallenberg virus (SBV), , Akabane virus
(AKAV) and pestivirus in cattle abortion cases in the Aegean Region
of Turkey between 2015 and 2019.

Materials and Methods: In this study, 204 bovine abortions that
occurred in the Aegean region of Turkey between the years 2015
and 2019 were investigated. While BHV-1, SBV, and pestivirus were
examined with real-time PCR, AKAV was examined with nested-PCR.

Results: In our study, 25 (12.3%) of the samples analyzed were
positive for pestiviruses, 1 (0.5%) was positive for Akabane, and 1
(0.5%) was positive for BHV-1. SBV was not detected. According to
these results, the viral agent causing most abortions in the Aegean
region was found to be pestivirus. The most abortion-related mate-
rial was sent to the lab in 2018, followed by 2019, 2017, 2016, and
2015.

Conclusion: Based on the results of this study, future evaluations
should consider the cattle abortion agents detected in the Aegean
region, and control and monitoring studies should be established.

Keywords: Abortion, Akabane virus, bovine herpesvirus-1, pestivi-
ruses, Schmallenberg virus
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Viruses in cattle abortion

Introduction

Abortion is caused by infectious agents such as viruses, bac-
teria, fungi and parasites, as well as non-infectious causes
such as hormones, nutritional disorders and genetic factors
(Peter 2000). Abortions are considered normal at a rate of
up to 1-2% in herds. However, higher rates of abortion ca-
ses are considered a serious economic loss (Bagley 1999).
Viruses are one of the most important causes of abortion
in ruminants. Akabane virus (AKAV), Schmallenberg virus
(SBV) , Bovine herpesvirus-1 (BHV-1) and pestivirus have
been shown to be the main viral pathogens causing abortion
in cattle, sheep and goats (Inaba etal 1975, Kurogi etal 1975,
Anderson 2007, Yilmaz et al 2014, Aslan et al 2015).

Pestivirus is an enveloped, small (about 40-60nm), positi-
ve-polarity, single-stranded RNA virus classified within the
Flaviviridae family (Becher et al 2003). Pestiviruses have
been renamed and classified into 11 species, according to
the International Committee of Taxonomy Virus (ICTV). Ac-
cordingly, they are named as BVDV-1 (Pestivirus A), BVDV-2
(Pestivirus B), border disease (Pestivirus D), classical swine
fever (Pestivirus C), and HoBi-like (Pestivirus H). BVDV-1
subtypes range from 1a to 1q, while BVDV-2 subtypes range
from 2a to 2d. BVDV-3 (pestivirus H), a member of the pesti-
virus genus HoBi-like pestivirus, has been detected in cattle
and buffalo (Mishra et al 2014). BVDV has been grouped in
two biotypes, cytopathic (cp) and non-cytopathic (ncp) ac-
cording to the morphological changes it causes in cell culture
(Fulton et al 2000). Pestiviruses cause serious reproductive
disorders in pregnant animals, including abortions, physical
and congenital anomalies and the births of persistently infec-
ted animals (Nettleton et al 1998, Evans et al 2017).

The BHV-1 genome is approximately 135 kb in size, envelo-
ped, double-stranded DNA virus (Harrison 2001). BHV-1 is
a member of the genus Varicellovirus in the subfamily Alp-
haherpesvirinae, which belongs to the Herpesviridae family.
BHV-1 isolates have been grouped into three different sub-
types, BHV-1.1, BVH-1.2a and BHV-1.2b, which are distinguis-
hed by genetic differences and varieties in clinical symptoms
(Metzler et al 1985). BHV-1.1 and BVH-1.2a cause respira-
tory and genital system disorders and abortions. While BVH-
1.2b is not seen in abortion cases, it has fewer pathogenic
characteristics when compared with the other sub-types
(Edwards et al 1990, Miller et al 1991, Spilki et al 2004). The
most important source of transmission of this type of BHV-1
is through artificial insemination with infected semen and in-
fected bulls (Kupferschmied et al 1986, Wrathall et al 2006).
The virus becomes latent in sacral or trigeminal ganglia fol-
lowing primary infection and can be transmitted/shed with
or without clinical symptoms with the effect of stress factors
(Narita et al 1976, Ackermann et al 1984).

AKAV and SBV are members of the Simbu serogroup in the
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Orthobunyavirus genus, which belongs to the Peribunyavi-
ridae family, and they are carried by Culicoides biting mid-
ges (Rasmussen et al 2014). AKAV and SBV are enveloped,
3-segmented (S: Small, M: Medium, L: Large) and negative-
polarity RNA viruses (Kirkland 1988, Maclachlan and Dubovi
2016). AKAV is closely associated with Aino, Tinaroo, Peaton
and Schmallenberg viruses and causes reproductive disor-
ders (e.g., abortion, preterm births and stillbirths) in cattle,
sheep and goats, as well as congenital anomalies such as art-
hrogriposis-hydranencephaly, i.e.,, AH syndrome (Kurogi et al
1985, Maclachlan and Dubovi 2016). SBV was found for the
first time in Germany in November 2011, and the disease has
been detected throughout Europe since then (Lievaart-Pe-
terson et al 2015). The disease causes fever, decreased milk
yield in cattle, stillbirth and other anomalies in sheep and
goats (Tarlinton 2012).

The aim of the present study is to research the role of pestivi-
rus, BHV-1, SBV and AKAV in cattle abortion cases that occur-
red in the Aegean region between the years 2015 and 2019.

Material and Methods
Samples

In accordance with the regulation on the working procedu-
res and principles of animal experimentation ethics commit-
tees (8. article k subparagraph); ethics committee decision is
not required for studies with dead animals or tissue, slaugh-
terhouse materials and abort fetuses.

Aborted fetuses from cattle that underwent routine diagnosis
in a virology laboratory at izmir/Bornova Veterinary Control
Institute (Izmir, Turkey) between 2015 and 2019 were in-
vestigated in this study. A total of 204 aborted foetuses were
tested in Aegean Region of the west Turkey (Table 1).

The pool consisting of the brain, lung, spleen, lymph nodu-
le and liver from each aborted foetuses were homogenized
with 5 ml Eagle Minimum Essential Medium (EMEM) (SIG-
MA-ALDRICH, United Kingdom) and centrifuged at 3500 rpm
and 4°C for 15 min. The supernatants were stored at -80°C
until testing.

RNA Extraction and PCR Assays

Total nucleic acid was extracted from 200 pl of supernatant
using MagNA Pure LC Total Nucleic Acid Isolation Kit (Roc-
he, Germany) according to the manufacturers instructions.
Real-Time RT-PCRs for detection of Pestivirus and SBV were
performed by using Real-Time Ready Virus Master (Roche,
Germany). Primers and probs used for the amplification of
5-UTR region (132 bp) of pestivirus and partial S segments
(88 bp) of SBV have been previously published by Hoffmann
etal (2006) and Bilk et al (2012), respectively. Real-Time PCR
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Table 1. Number of samples collected from abortion cases in the
Aegean region in 2015-2019 by provinces

Provinces 2015 2016

2017

2018 2019 Total

Aydin 0 2

Denizli 0 0
zmir
Kiitahya
Manisa
Mugla

Usak 12

3

0

22 20 47

13 10 23

6 6 13

9 6 22

14 12 37

13 4 25

19 6 37

TOTAL 30

10

96 64 204

for amplifications of BHV-1 viral DNA were performed with
The LightCycler® 480 Probes Master (Roche, Germany).
Primers and probe used for the amplification of a 97 bp se-
quence of the glycoprotein B (gB) gene has been previously
published by Abril et al (2004). Nested PCR for amplificati-
ons of AKAV viral RNA of 230 bp were performed by using
One-Step RT-PCR Kit (Roche, Germany) using primers pub-
lished by Akashi et al (1999). PCR products of AKAV were
run on 1.5% agarose gel stained with ethidium bromide in
TAE buffer and photographed using equipment from Vilber
Lourmat (France).

Results

The annual distribution of the materials was examined, it
was determined that the most abortion samples were sent
to the laboratory in 2018 (96), followed by 2019 (64), 2017
(30), and 2016 (10), respectively. Interestingly, only four
samples were sent in 2015 (Table 1).

Abortion samples sent to the laboratory were mostly from
the Aydin province, followed by the cites of Manisa, Usak,
Mugla, Denizli, Kiitahya, and Izmir, which are located in the
Aegean region.

Pestivirus, BHV-1 and AKAV were found to be 25 (12.3%), 1
(0.5%), and 1 (0.5%) respectively (Table 2). Pestivirus was
detected in more samples than AKAV and BHV-1 examined in
the study (p-value < 0.00001). SBV was not detected from the
204 aborted foetuses in this study (Table 2).

In our study, no malformations were detected in abortions
with pestivirus and no signs of hydranencephaly and art-
hrogryposis were detected in AKAV positive.

Discussion

Abortions cause significant economic loss in dairy cattle bre-
eding and this can be prevented by researching the diseases

Table 2. Number of sampled aborted foetuses and positivity according to geographical position of locations and provinces

: Positive
Provinces Gelogra;.)hlcal No. foetuses
ocation AKA Pestivirus BHV-1 SBV
37°49'51.1"N
Aydin 27°51'47.0"E 47 4
37°46'57.3"N
Denizli 29°05'48.3"E 23 4 1
38°25'27.9"N
Izmir 27°08'34.5"E 13 2
39°24'18.7"N
Kiitahya 29°36'46.6"E 22
38°36'53.4"N
Manisa 27°25'45.7"E 37 6
37°14'49.5"N
Mugla 28°21'25.5"E 25 1 4
38°40'27.4"N
Usak 29°24'18.6"E 37 >
TOTAL 204 1 25 1
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which cause abortions and taking the necessary precauti-
ons. In this study, pestivirus, SBV, BHV-1, and AKAV, which
cause a significant number of the abortion cases for cattle
in the Aegean region, were examined molecularly. Viruses
are one of the most important causes of abortion in rumi-
nants. AKAV, SBV, BHV-1, and pestiviruses have been shown
to be the primary viral pathogens which cause abortion in
cattle, sheep, and goats (Inaba et al 1975, Kurogi etal 1975,
Anderson 2007, Yildirim et al 2011, Yilmaz et al 2014, As-
lan et al 2015). In our study, pestivirus, BHV-1, and AKAV
rates were determined to be 12.3%, 0.5%, and 0.5%, res-
pectively. SBV was not determined in this investigation.
When compared to the other viruses studied, pestiviruses
were discovered in a larger number of abortions. Pestivi-
ruses were found at higher rates in abortions than BHV-1,
contrary to prior studies (Kirkbride 1992, Yang et al 2012,
Morrell et al 2019). When the present study and previous
studies are taken into consideration, it is known that pes-
tiviruses are among the most important causes of abortion
cases in Turkey (Albayrak and Ozan 2012, Tuncer-Goktuna
etal 2016, Bulut et al 2018).

Pestiviruses were detected in 31 of 60 cattle abortions in a
retrospective research conducted in the Marmara region of
northern Turkey, which borders Europe, similar to the cur-
rent study (Tuncer-Goktuna et al 2016). In another study
conducted in the Black Sea region of northern Turkey, pes-
tivirus was detected in 28.5% of cattle abortions (Albayrak
and Ozan 2012). In a study performed by Sevik (2018) in
the province of Afyonkarahisar in western Turkey, pestivi-
rus was determined with a rate of 22.2%. In the present
study, pestiviruses were found at low rates when compared
with some studies (Albayrak et al 2012, Albayrak and Ozan
2012, Bulut et al 2018), but at high rates when compared
with other studies (Gur 2009, Hasircioglu et al 2009, Yang
et al 2012, Morrell et al 2019). Despite this, pestiviruses
should be considered as one of the most important prob-
lems in cattle abortions. The possible reasons for different
detection rates in different studies could be the number of
sampled farms, the number of sampled animals, and the
differences in test methods.

In transplacental infections, which are caused by pestivi-
ruses, foetal deaths can occur in any period of pregnancy.
Factors such as the biotype and dose of the virus and the
foetal development period in which the infection develops
determine the course of the infection in the foetus (Nettle-
ton et al 1998). The fact that there were no malformations
in the foetus materials which is pestivirus positive in the
study can be explained in this way. In pestiviruses cases,
malformations can be seen in the fifth and ninth months
of pregnancy (Schweizer and Peterhans 2014), but in our
study, there was no definite information about the period
of pregnancy in which the abortions occurred.

Kaplan et al

BHV-1 can be a latent in trigeminal ganglions and sacral
ganglion following field isolate infection or attenuated vac-
cination. Reactivation to a latent infection can occur du-
ring stressful situations, such as transport and delivery or
the application of corticosteroids (Nandi et al 2009). In our
study, which was based on gB gene region, DNA was detected
only in 1 of the 204 samples. Although varying prevalence of
seropositivity was obtained in studies conducted with BHV-
1in Turkey (Aslan etal 2015, Yavru et al 2015), the virus was
either not found (Yavru etal 2015) or found in very low rates
(Aslan et al 2015). The results of our study were similar to
the results of other studies previously performed in different
regions of the country and the prevelance of the agent was
detected to be low (Aslan et al 2015, Tuncer-Goktuna et al
2016). The BHV-1 virus was detected at a low rate in this
study, which is consistent with prior studies that found a low
virus rate. On the other hand, the high seropositivity in the
studies mentioned above might be attributed to the latency
of the virus, and vaccinated animals.

Vaccines developed against viral and bacterial diseases have
long been used in preventive medicine. Intensive breeding
and integrated husbandry are the most popular activities
in the Aegean region, which is the subject of our study. The
number of family-owned farms is quite low. Thus, vaccinati-
on is very common against pestiviruses and BHV-1 in hus-
bandry. It is highly possible that the viral agents that were
the subjects of this study were found to be less prevalent in
Aegean region compared with other regions due to periodi-
cal vaccinations that are common in intensive husbandry.

As in the case of the SBV, the vector of AKAV is Culicoides
(Kirkland 2015). AKAV has also been reported in Africa, the
Middle East, Southeast Asia, Australia, and Turkey (St Geor-
ge 1989). In Turkey, AKAV has been molecularly detected in
small ruminants (Oguzoglu et al 2015, Sevik 2017), howe-
ver; AKAV nucleic acid was not found in any of the cattle in
east (Yildirim et al 2015). Turkey is in a subtropical region,
and climatic factors play a significant role in the spread of
arboviral infections. The climate is suitable for year-long cir-
culation of Culicoides. In this study, the molecular detection
of AKAV in aborted calves was reported for July 2017. AKAV
was not detected in the years 2015, 2016, 2018, and 2019.
AKAV reappears in ruminants in Turkey at irregular inter-
vals of 4-6 years (Oguzoglu et al 2015, Oguzoglu 2018). The
AKAV positivity in an aborted calf in our study was found
in the province of Mugla, the southernmost part of the Ae-
gean region. Hydranencephaly and arthrogryposis were not
detected in AKAV-positive abortions. Cattle are the most sen-
sitive to the agent between a gestation period of 3-6 months.
The incidence of abnormality caused by this infection is very
low in the last gestation period (Kirkland 2015).

SBV has an endemic course in European countries (Wernike
et 2017). Following the first detection of SBV in Germany in
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2011, it spread throughout all of Europe, following which a
decrease in outbreaks was noticed after 2014. However, SBV
caused epidemics by re-emerging in Belgium in 2016, and in
France and other countries in 2017 (Muskens et al 2012, So-
hier et al 2016, Delooz et al 2017, Wernike et 2017). In this
study, primers designed by Bilk et al (2012), which targeted
the S segment used in European countries, were used. Studi-
es conducted in different countries using the same protocol
reported identifying the agent in abortions, stillbirths, and
malformed foetuses (Bilk et al 2012, Hoffmann et al 2012,
Muskens et al 2012). Our study used the same protocol, and
SBV was not detected in any of the abortion samples. Howe-
ver, RNA was determined in 2 sheep abortions by a study
conducted in the Marmara region of Turkey (Yilmaz et al
2014), and the presence of the agent was shown serologi-
cally (Azkur et al 2013).

Conclusion

The viral agents causing cattle abortions in the Aegean regi-
on, which is located in the western part of Turkey, were exa-
mined. According to this study, pestiviruses cause the highest
number of cattle abortions in this region, followed by BHV-
1 and AKAV. However, SBV was not detected as the cause of
any of the cattle abortions. When the results of the study are
evaluated overall, a general increase can be seen in abortion
cases in Aegean region in terms of years. Based on the results
of this study, future studies should take into account the Ae-
gean region's livestock abortion agents control and monito-
ring studies should be established. In addition, agents such
as BTV, BHV-4 and BHV-5, which cause abortions in cattle,
should also be studied thoroughly in the future. Lastly, since
the region has a sub-tropical climate, the presence of AKAV
and SBV should be researched in detail in biting midges.

Acknowledgement
English edited by we would like to thank Serra Tunagil.
Conflict of Interest

The authors did not report any conflict of interest or finan-
cial support.

Funding

During this study, any pharmaceutical company which has a
direct connection with the research subject, a company that
provides and / or manufactures medical instruments, equip-
ment and materials or any commercial company may have a
negative impact on the decision to be made during the evalu-
ation process of the study or no moral support.

105

Kaplan et al

References

Ackermann M, Wyler R, 1984. The DNA of an IPV Strain of
Bovid Herpesvirus I in Sacral Ganglia During Latency after
Intravaginal Infection. Vet Microbiol, 9, 53-63.

Akashi H, Onuma S, Nagano H, Ohta M, Fukutomi T, 1999.
Detection and differentiation of Aino and Akabane Simbu
serogroup bunyaviruses by nested polymerase chain reac-
tion. Archiv Virol, 144, 2101-2109.

Albayrak H, Ozan E, 2012. The investigation of pestivirus and
rift valley fever virus infections in aborted ruminant foetu-
ses in the Blacksea Region in Turkey. Kafkas Univ Vet Fak
Derg, 18(3), 457-461.

Albayrak H, Gumusova S, Ozan E, Yazici Z, 2012. Molecular
detection of pestiviruses in aborted fetuses from provinces
in northern Turkey. Trop Anim Health Prod, 44, 677-680.

Anderson ML, 2007. Infectious causes of bovine abortion du-
ring midto late-gestation. Theriogenology, 68, 474-86.

Aslan ME, Azkur AK, Gazyagc S, 2015. Epidemiology and ge-
netic characterization of Bvdv, Bhv-1, 5 Bhv-4, Bhv-5 and
Brucella spp. infections in cattle in Turkey. ] Vet Med Sci,
77(11), 1371-1377.

Azkur AK, Albayrak H, Risvanli A, Pestil Z, et al., 2013. An-
tibodies to Schmallenberg virus in domestic livestock in
Turkey. Trop Anim Health Prod, 45(8), 1825-8.

Bagley CV, 1999. Abortion in cattle. Utah State University ani-
mal healty fact sheet. 419.

Becher P, Avalos-Ramirez R, Orlich M, Cedillo RS, et al., 2003.
Genetic and antigenic characterization of novel pestivirus
genotypes: implications for classification. Virology, 311,
96-104.

Bilk S, Schulze C, Fischer M, Beer M, et al,, 2012. Organ dist-
ribution of Schmallenberg virus RNA in malformed new-
borns. Vet Microbiol, 14, 159(1-2), 236-8.

Bulut H, Sozdutmaz I, Pestil Z, Abayli H, et al,, 2018. High
prevalence of bovine viral diarrhea virus-1 in sheep abor-
tion samples with pestivirus infection in Turkey. Pak Vet ]
38(1), 71-75.

Delooz L, Saegerman C, Quinet C, Petitjean T, et al., 2017. Re-
surgence of Schmallenberg Virus in Belgium after 3 Years
of Epidemiological Silence. Transbound Emerg Dis, 64,
1641-1642.

Edwards S, White H, Nixon P, 1990. A study of the predomi-
nant genotypes of bovid herpesvirus 1 isolated in the U.K.
Vet Microbiol, 22, 213-223.

Evans CA, Reichel MP, Hemmatzadeh F, Cockcroft PD, 2017.
Clinical responses and reproductive outcomes in pregnant
ewes experimentally infected with bovine viraldiarrho-
ea virus (Type-1c) between days 59 and 69 of gestation.
Small Ruminant Res, 149, 121-127.

Fulton RW, Saliki ]JT, Confer AW, Burge L], et al., 2000. Bovine
viral diarrhea virus cytopathic and noncytopathic biotypes
and type 1 and 2 genotypes in diagnostic laboratory ac-
cessions: clinical and necropsy samples from cattle. ] Vet
Diagn Invest, 12, 33-38.

Eurasian ] Vet Sci, 2022, 38, 2, 101-107




Viruses in cattle abortion

Gur S, 2009. A investigation of border disease virus in sheep
in Western Turkey. Trop Anim Health Prod, 41, 1409-1412.

Harrison SC, 2001. Principle of virus structure, In: Field’s Vi-
rology, Ed; Knipe DM, Howley DW, 6th ed, Lippincott Wil-
lams & Wilkins, Philadelphia, USA, pp; 53-85.

Hasircioglu S, Kale M, Acar A, 2009. Investigation of pestivi-
rus infections in aborted sheep and goats in Burdur region.
Kafkas Univ Vet Fak Derg, 15, 163-167.

Hoffmann B, Depner K, Schirrmeier H, Beer M, 2006. A uni-
versal heterologous internal control system for duplex re-
al-time RT-PCR assays used in a detection system for pesti-
viruses. ] Virol Methods, 136, 200-209.

Hoffmann B, Scheuch M, Hoper D, JungblutR, et al., 2012. No-
vel orthobunyavirus in cattle, Europe, 2011. Emerg Infect
Dis, 18, 469-472.

Inaba Y, Kurogi H, Omori T, 1975. Akabane disease: ep1zootic
abortion, premature birth, stillbirth and congenital art-
hrogryposis-hydranencephaly 1n cattle, sheep and goats
caused by akabane virus. Aust Vet], 51(12), 584-585.

Keshavarzi H, Sadeghi-Sefidmazgi A, Ringgaard Kristensen A,
Helena Stygar A, 2017. Abortion studies in Iranian dairy
herds: I. Risk Factors Abortion Livestock Sci, 195:45-52.

Kirkbride CA, 1992. Etiologic agents detected in a 10-year
study of bovine abortions and stillbirths. ] Vet Diagn Inves-
tig, 4, 175-180.

Kirkland PD, Barry RD, Harper PAW, Zelski RZ,1988. The de-
velopment of akabane virus-indused congenital abnorma-
lities in cattle. Veterinery Record, 122, 582- 586.

Kirkland PD, 2015. Akabane virus infection. Rev Sci Tech, 34,
403-410.

Kupferschmied HU, Kihm U, Bachmann P, Miiller KH, et al,,
1986. Transmission of IBR/IPV virus in bovine semen: A
case report. Theriogenology, 25, 439-443.

Kurogi H, Inaba Y, Goto Y, Miura Y, et al., 1975. Serologic evi-
dence for etiologic role of Akabane virus in epizootic abor-
tion-arthrogryposis-hydranencephaly in cattle in Japan,
1972-1974. Arch Virol, 47(1), 71-83.

Lievaart-Peterson K, Luttikholt S, Peperkamp K, Van den
Brom R, etal.,, 2015. Schmallenberg disease in sheep or go-
ats: Past, present and future. Vet Microbiol, 14,181(1-2),
147-153.

Maclachlan NJ, Dubovi EJ], 2016. Bunyaviridae. In: Fenner’s
Veterinary Virology, Ed; Maclachlan NJ, Dubovi EJ, Elsevier
Inc,, San Diego, USA, pp; 411-421.

Metzler AE, Matile H, Gasmann U, Engels M, et al., 1985. Eu-
ropean isolates of bovine herpesvirus 1: a comparison of
restriction endonuclease sites, polypeptides, and reacti-
vity with monoclonal antibodies. Arch Virol, 85, 57-69.

Miller JM, Whetstone CA, Van Der Maaten M], 1991. Aborti-
facient property of bovine herpesvirus type 1 isolates that
represent three subtypes determined by restriction endo-
nuclease analysis of viral DNA. Am | Vet Res, 52, 458-461.

Mishra N, Rajukumar K, Pateriya A, Kumar M, et al,, 2014.
Identification and molecular characterization of novel and
divergent HoBi-like pestiviruses from naturally infected
cattle in India. Vet Microbiol, 174 (1-2), 239-246.

Kaplan etal

Morrell EL, Campero CM, Cantén GJ, Odeén AC, et al., 2019.
Current trends in bovine abortion in Argentina. Pesq Vet
Bras, 39(1), 12-19.

Muskens ], Smolenaars A], Van Der PWH, Mars MH, et al,,
2012. Diarrhea and loss of productionon Dutch dairy
farms caused by the Schmallenberg virus. Tijdschrift voor
Diergeneeskunde, 137, 112-115.

Nandi S, Kumar M, Manohar M, Chauhan RS, 2009. Bovine
herpes virus infections in cattle. Anim Health Res Rev, 10,
85-98.

Narita M, Inui S, Namba K, Shimizu Y, 1976. Trigeminal Gang-
lionitis and Encephalitis in Calves Intranasally Inoculated
with Infectious Bovine Rhinotraeheitis. Virus Comp Path
86, 93-100.

Nettleton PF, Gilray JA, Russo P, Dlissi E, 1998. Border disease
of sheep and goats. Vet Res, 29(3-4), 327-340.

Oguzoglu TC, Toplu N, Koc BT, Dogan F, et al., 2015. First mo-
lecular detection and characterization of Akabane virus in
small ruminants in Turkey. Archiv Virol, 160(10), 2623-7.

Oguzoglu TC, 2018. Akabane virus infection in ruminants.
Animal Health Prod and Hyg, 7(2), 592 - 595.

Peter AT, 2000. Abortions in dairy cows: New insights and
economic impact. Adv Dairy Technol, 12, 233-244.

Rasmussen LD, Kirkeby C, Bgdker R, Kristensen B, et al,
2014. Rapid spread of Schmallenberg virus infected biting
midges (Culicoides spp.) across Denmark in 2012. Trans-
bound Emerg Dis, 61(1), 12-16.

Schweizer M, Peterhans E, 2014. Pestiviruses. Annu Rev
Anim Biosci, 2, 141-63.

Sevik M, 2018. The role of pestiviruses (BDV and BVDV) in
ruminant abortion cases in the Afyonkarahisar province.
Kocatepe Vet ], 11(3), 238-244.

Sevik M, 2017. Molecular detection and genetic analysis of
Akabane virus genogroup Ib in small ruminants in Turkey.
Small Ruminant Res, 162(9), 2769-2774.

Sohier C, Deblauwe I, Van Loo T, Hanon JB, et al., 2019. Evi-
dence of extensive renewed Schmallenberg virus circu-
lation in Belgium during summer of 2016 - increase in
arthrogryposis-hydranencephaly cases expected. Trans-
bound Emerg Dis, 64, 1015-1019.

Spilki FR, Esteves PA, De Lima M, Franco AC, et al,, 2004.
Comparative pathogenicity of bovine herpesvirus 1 (BHV-
1) subtypes 1 (BHV-1.1) and 2a (BHV-1.2a). Pesq Vet Bra-
sil, 24, 43-49.

St George TD, Standfast HA, 1989. Simbu group viruses with
teratogenic potential the arboviruses: epidemiology and
ecology, In: The arboviruses epidemiology and ecology, Ed;
Monath TP, CRC Inc., Florida, USA, pp; 145-166.

Tarlinton R, Daly ], Dunham S, Kydd ], 2012. The challenge
of Schmallenberg virus emergence in Europe. Vet ], 194,
10-1811.

Tuncer-Goktuna P, Alpay G, Oner EB, Yesilbag K, 2016. The
role of herpesviruses (BHV-1 and BHV-4) and pestiviruses
(BVDV and BDV) in ruminant abortion cases in western
Turkey. Trop Anim Health Prod, 48, 1021-1027.

Wernike K, Beer M, 2017. Schmallenberg Virus: A Novel Vi-

Eurasian ] Vet Sci, 2022, 38,2, 101-107




Viruses in cattle abortion

rus of Veterinary Importance. Adv Virus Res, 99, 39-60.

Wrathall AE, Simmons HA, Van Soom A, 2006. Evaluation of
risks of viral transmission to recipients of bovine embryos
arising from fertilisation with virus-infected semen. Theri-
ogenology, 65, 247-274.

Yang N, Cui X, Qian W, Yu §, et al., 2012. Survey of nine abor-
tifacient infectious agents in aborted bovine fetuses from-
dairy farms in Beijing, China by PCR. Acta Vet Hung, 60,
83-92,2012.

Yavru S, Avci O, Kale M, 2014. Serologic and virologic inves-
tigation of BHV-1, BVDV and BHV-4 in cattle with metritis.
Anim Vet Sci, 2(5), 142-145.

Yildirim Y, Yilmaz V, Kalaycioglu AT, Dagalp SB, et al., 2011.
An investigation of a possible involvement of BVDV, BHV-
1 and BHV-4 infections in abortion of dairy cattle in Kars
district of Turkey. Kafkas Univ Vet Fak Derg, 17, 879-883.

Yildirim Y, Gokee G, Kirmizigiil H., Erkili¢ EE, et al., 2015. Mo-
lecular and serological infestigation of Akabane virus in-
fection in cattle in Kars-Turkey. Israel ] Vet Med, 70, 3.

Yilmaz H, Hoffman B, Turan N, Cizmecigil UY, et al.,, 2014. De-
tection and partial sequencing of Schmallenberg virus in
cattle and sheep in Turkey. Vector-Borne Zoonotic Dis, 14,
233-2

Author Contributions

Motivation / Concept: Abdurrahman Anil Cagirgan, Murat
Kaplan, Kemal Pekmez

Design: Abdurrahman Anil Cagirgan, Murat Kaplan, Kemal
Pekmez

Control/Supervision: Abdurrahman Anil Cagirgan, Murat
Kaplan, Kemal Pekmez, Glilnur Kalayci

Data Collection and / or Processing: Abdurrahman Anil Ca-
girgan, Murat Kaplan, Kemal Pekmez

Analysis and / or Interpretation: Abdurrahman Anil Cagir-
gan, Murat Kaplan, Kemal Pekmez, Fatih Arslan

Literature Review: Abdurrahman Anil Cagirgan

Writing the Article : Abdurrahman Anil Cagirgan

Critical Review: Abdurrahman Anil Cagirgan, Giilnur Kalayci

Ethical Approval

This study was carried out with the permission of the Izmir/
Bornova Veterinary Control Institute Animal Experiments
Local Ethics Committee report 26.05.2021.

CITE THIS ARTICLE: Kaplan M, Cagirgan AA, Pekmez K, Arslan E Kalayci G,
2022. A survey of four important viruses causing abortion in cattle in aegean

region. Eurasian ] Vet Sci, 38, 2, 101-107

107

Eurasian ] Vet Sci, 2022, 38, 2, 101-107

Kaplan et al






