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Molecular and Pathological Survey of
Bovine Viral Diarrhea Virus in the Testis
of Bulls
Bogalarin Testislerinde Bovine Viral Diyare Virusunun
Molekuler ve Patolojik Olarak Arastiriimasi

Mustafa OZKARACA!

Mehmet Ozkan ABSTRACT

TIMURKAN? Bovine viral diarrhea virus (BVDV) is an important pathogen that causes diseases in the gastro-

Yavuz Selim SAGLAM?
Selcuk OZDEMIR?
Hakan AYDIN?

Serdar ALTUNS®

'Department of Veterinary
Pathology, Cumhuriyet University,
Sivas, Turkiye

°Department of Veterinary Virology,
Atattrk University, Erzurum, Turkiye
*Department of Veterinary
Pathology, Atatlirk University,
Erzurum, Turkiye

“Department of Veterinary
Genetics, Atatlrk University,
Erzurum, Turkiye

Gelig Tarihi/Received: 02.10.2022
Kabul Tarihi/Accepted: 14122022
Yayin Tarihi/Publication Date: 16.08.2023

Sorumlu Yazar/Corresponding author:
Mustafa Ozkaraca

E-mail: mustafaozkaraca@cumhuriyet.
edu.tr

Atif: Ozkaraca M, Timurkan MO,

Saglam YS, Ozdemir S, Aydin H, Altun S.
Bogalarin testislerinde bovine viral
diyare virlisiiniin molekdler ve patolojik
olarak arastirilmasi. Vet Sci Pract.
2023;18(2):47-51.

Cite this article as: Ozkaraca M,
Timurkan MO, Saglam YS, Ozdemir S,
Aydin H, Altun S. Molecular and

intestinal, respiratory, and reproductive systems. It also leads to a decrease in reproductive per-
formance and consequently continuous economic losses in cattle management. The presence
of BVD virus in bull testes was investigated in this study using indirect immunofluorescence (IF),
immunohistochemistry (IHC), and Reverse Transcription polymerase chain reaction (RT-PCR)
methods. The tissue distribution of BVDV was examined pathologically and virologically in
100 bull testis tissue samples. For this purpose, IF, IHC, and RT-PCR methods were employed.
Positive IF staining was detected in 21 (21%) testis samples using the indirect IF method. In
IHC staining, 16 (16%) samples were found to be positive. In RT-PCR, 13 (13%) samples tested
positive. The results of the presented study demonstrate that BVDV can infect different cell
types in bull testes and that the virus can primarily be transmitted through natural or artificial
insemination. Therefore, bulls are an important epidemiological factor in the transmission of
the disease.

Keywords: Bovine viral diarrhea virus, immunoflourescence, immunohistochemistry, RT-PCR,
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Bovine viral diarrhea virus (BVDV), gastrointestinal, solunum ve treme sistemlerinde hastaliklara
neden olan 6nemli bir patojendir. Ayrica, ireme performansinda azalmaya yol agar ve bu nedenle
sigirlarin yonetiminde sirekli ekonomik kayiplara neden olur. Bu galismada, BVDV'nin boga tes-
tisindeki varligi indirekt immunofloresan (IF), immunohistokimya (IHC) ve ters transkriptaz poli-
meraz zincir reaksiyonu (RT-PCR) yontemleriyle arastirildi. Calismada, 100 boda testis dokusu
orneginde BVD virusunun doku dagilimi patolojik ve virolojik olarak incelendi. Bu amagla, IF, IHC ve
RT-PCR yontemleri kullanildi. indirekt IF ydntemiyle 21 (%21) testis 6rnek, IHC yontemiyle 16 (%16)
ornek pozitif bulundu. RT-PCR'da ise 13 (%13) 6rnek pozitif bulundu. Sunulan galismanin sonuglari,
BVDV'nin boga testisinde farkli hiicre tiplerine enfekte olabilecedini ve virlisiin dncelikle dogal
veya suni tohumlama yoluyla bulasabilecedini gostermektedir. Bu nedenle, bogdalar hastaligin
yayllmasinda énemli bir epidemiyolojik faktorddr.

Anahtar Kelimeler: Bovine viral diyare virlisli, immunfloresans, immunohistokimya, RT-PCR,
testis

INTRODUCTION

Bovine viral diarrhea (BVD) is a viral cattle disease that occurs worldwide, resulting in significant eco-
nomic losses.! The responsible virus is part of the Flaviviridae family of viruses under the genus Pesti-
virus. It is an RNA virus with a positive-strand structure and has 3 classes: type | (BVD1), type Il (BVD2),
and type lll (BVD3).2Two distinct biotypes, that is, the non-cytopathic (NCP) biotype and the cytopathic
(CP) biotype, are known to be manifested by all genotypes of BVD1 and BVD2 viruses.®* Significant
effects of the NCP-BVD become noteworthy in the periods of breeding and pregnancy. Persistently
infected (PI) calves are the most important outcomes of this condition.>®

pathological survey of bovine viral
diarrhea virus in the testis of bulls. Vet
Sci Pract 2023;18(2):47-51.

Copyright@Author(s) - Available online at
veterinarysciences-ataunipress.org
Content of this journal is licensed under a
Creative Commons Attribution
NonCommercial 4.0 International License


mailto:mustafaozkaraca@cumhuriyet.edu.tr
mailto:mustafaozkaraca@cumhuriyet.edu.tr
http://orcid.org/0000-0002-6359-6249
http://orcid.org/0000-0002-0458-7887
http://orcid.org/0000-0002-7861-9642
http://orcid.org/0000-0001-7539-0523
http://orcid.org/0000-0003-2200-1744
http://orcid.org/0000-0002-8735-7031

48

Bovine viral diarrhea can display various clinical manifestations
affecting respiratory, gastrointestinal, reproductive, and fetal tis-
sues and manifest in acute, transient, mucosal, or thrombocyt
openic/hemorrhagic forms. Persistently infected cattle are also a
result of BVD.” It is considered that transiently infected (IT) cattle
are epidemiologically insignificant compared to Pl cattle as they
are the prime means of transmission.®"° The virus can be found
in the testicular tissue and semen of bulls with a BVD infection
history." Different approaches can be utilized for the detection of
infected specimens. However, the most effective approaches are
the precise diagnosis of the acute form and the elimination of Pl
cattle in a given herd."”? Cattle worldwide are under the threat of
BVD infection.” It has been reported that the serological preva-
lence of bovine viral diarrhea virus (BVDV) ranges between 2.3%
and 64.7%.'*' It is stated that intensive breeding of dairy cattle
generates less than 0.25% PI cattle in establishments.”® Persis-
tently infected cattle have higher quantities of the virus in their
tissues, and established methods can effectively diagnose it, for
example, isolation, enzyme-linked immunosorbent assay (ELISA),
polymerase chain reaction (PCR), immunofluorescence (IF), and
immunohistochemistry (IHC)."2° Two objectives of the present
study were as follows: (1) comparative detection of BVD virus
in testicular specimens using PCR, IHC, and IF methods and (2)
determination of viral distribution and localization of antigens in
testicular tissue.

MATERIALS AND METHODS

Sample Collection

This study was carried out in accordance with the Declaration of
Helsinki. Macroscopically examined 100 bulls’ (showing no clinical
signs) testes were collected. Collected testis tissues were sepa-
rated into 2 pieces. Half of the sections were fixed in 10% neutral
formaldehyde solution for IHC and IF process. The other half of
testis samples that were suspected of having persistent infection
were homogenized for reverse transcription (RT)-PCR in a tissue
disruptor in phosphate buffer saline (PBS) containing 1% IU of 10
000 U penicillin/mL, 10 mg streptomycin/mL, and 0.025 mg/
mL amphotericin B, and then, tissues were centrifuged at 3000
rpm for 15 minutes at +4°C. This supernatant was passed through
a 0.45 um diameter injector filter in a sterile cabinet and each
specimen was transferred to sterile tubes of 2 mL volume. Sam-
ples were stored at -80°C until RT-PCR testing was performed.

Nucleic Acid Extractions

A commercial kit (GF-1 Viral Nucleic Acid Extraction Kit (protein-
ase K included), 100 preps, GF-RD-100, Vivantis, Malaysia) was
used for RNA isolation. After frozen testis tissue samples were
thawed at room temperature, RNA extractions were performed
perthe manufacturer's instructions and the samples were passed
to RT process.

Reverse Transcription

Because BVD contained a genome in RNA, RT was performed
before PCR. Reverse transcriptase enzyme was used for this
purpose. First-strand complementary DNA (cDNA) synthesis kit
(Thermo Scientific, USA) was used. The kit was applied according
to recommendations from the manufacturing company.

Polymerase Chain Reaction

The sample was subjected to PCR process using cDNA template
obtained after RT. Bovine viral diarrhea virus-specific primer pair
was used to investigate the presence of the BVDV genome in the
samples. The heat cycles, primers, and optimization conditions
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to be used in the reaction were maintained as described in a pre-
vious study.? Bovine viral diarrhea virus-positive tissue samples,
confirmed by sequence reaction, were used as positive control.
The amplicons obtained from the PCR were evaluated by gel
electrophoresis and 288 bp product reactions were evaluated as
positive.

Immunohistochemistry and Indirect Immunofluorescence
Examination

Bulls’ testis samples were washed with tap water before routine
serial treatment of samples with graded alcohol and xylene was
performed, and these tissues were embedded in paraffin. After
the routine histopathology process, sections of 5 um in thick-
ness were cut with a rotary microtome and mounted on glass
slides that were precoated with poly-L-lysine. After deparaffiniza-
tion, 3% H,O, solution (hydrogen peroxide; 18304-1L, Sigma,
Mo, USA) was applied dropwise on each slide for 10 minutes to
inactivate endogenous peroxidase activity. Then, the slides were
immersed in antigen retrieval solution (ab96674, Abcam, USA)
(pH 6.0) and heated in a microwave for 10 minutes to unmask the
antigens. After cooling, sections were incubated for 10 minutes
with a protein block solution (Cat. no. ab80436, Abcam) to pre-
vent non-specific binding. Sections were incubated for IF stain-
ing with primer antibody (BVDV anti-viral antiserum (Cat. No.
210-70-BVD, VMRD, USA)) at room temperature for 30 minutes.
Sections were incubated for IF staining with a secondary anti-
body—anti-caprine immunoglobulin G-FITC (fluorescein isothio-
cyanate) (Cat. No. CJ-F-CAPG-10 mL VMRD, USA) in the dark for
45 minutes at room temperature. Sections were then examined
with fluorescence microscope at magnification of 40x and closed
by fluoroshield mounting medium with 4,6-diamino-2-phenyl
indole (DAPI).

In IHC staining, sections were incubated with primary antibody
(BVDV anti-viral antiserum, (Cat. No. 210-70-BVD, VMRD) at
room temperature for 20 minutes. Labeled Streptavidin-Biotin
(LSAB)+System-HRP (Carpinteria, USA) IHC kit was used and
sections were incubated with 3,3’-diaminobenzidine and chro-
mogen. The slides were counterstained with hematoxylin, and
entellan was dropped on the tissue sections, which were then
marked as positive (+) or negative (=) under a light microscope.

Statistical Analysis

The specificity and sensitivity of the tests were calculated using
International Business Machine’ Statistical Package for Social
Science (SPSS) 20.0 software (IBM Corp.; Armonk, NY, USA). The
sensitivity and specificity of the test were evaluated using RT-
PCR as a relative gold standard. The level of agreement between
the results of the PCR, IF, and IHC staining was measured at a 5%
level of significance.

RESULTS

Positivities concerning PCR, IHC, and IF are given in Table 1. Pes-
tivirus nucleic acid was detected in 13 (13%) of 100 tissue sam-
ples that were suspected of being infected with BVDV (Figure 1).
Bovine viral diarrhea virus viral antigens were found in 16 of the

Table 1. Numbers of Positivity of BVDV Antigens Using PCR, Immunohistochemical,
and Immunofluorescence

PCR IHC IF

Positive sample number 13/100 16/100 21/100

BVDV, bovine viral diarrhea virus; IF, immunofluorescence; IHC, immunohistochemistry; PCR, polymerase
chain reaction.
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Figure 1. RT-PCR product visualized in agarose gel electrophoresis.
Arrows show 288 bp fragments. 1: positive control, 2-6: BVDV-positive
samples, and 7: negative control. M=100 bp ladder. BVDV, bovine viral
diarrhea virus; RT-PCR, reverse transcription-polymerase chain reaction.

100 samples examined in IHC staining and in 21 of the 100 sam-
ples examined in IF staining. Bovine viral diarrhea virus positivity
was detected by IF and IHC methods in all 13 samples that tested
positive for PCR. In addition, BVDV positivity was detected in 3
samples with IHC and 8 samples with IF. Bovine viral diarrheavirus
positivity determined according to cell types is given in Table 2.
Immunohistochemically, BVDV viral antigens were detected in
spermatocytes, spermatids, and Sertoli cells in the seminifer-
ous tubules (Figure 2A and C). Immunopositivity was observed as
intracytoplasmic at severe level in spermatocytes and sperma-
tids, moderate level in Leydig cells in intertubular areas, and mild
level in Sertoli cells. In IF staining, BVDV viral antigen positivity
was observed as intracytoplasmic at the severe level in sperma-
tids and Leydig cells in intertubular areas (Figure 2B), moderate
in spermatocytes, and mild in Sertoli cells (Figure 2D). Using PCR
as the relative gold standard, the IF had a sensitivity of 85.7% and
specificity of 87.3% and IHC had a sensitivity of 81.2% and a speci-
ficity of 88.1%.

DISCUSSION

With over 70% incidence rate, BVD infection is a significant risk for
cattle reproductive health worldwide in all herds. Studies inves-
tigating the seroprevalence of BVD disease found seropositiv-
ity between 12% and 86% in herds from different countries.?>2¢
Seroprevalence studies for BVDV in Turkiye have reported sero-
positivity between 50% and 94%.2"%® Different results were seen
in the determination studies of BVDV antigen positivity with IHC,
IF, or PCR in Turkiye. In the study performed on the testis, BVD
virus was not obtained from testicular tissues.?® In our study,
BVDV antigen positivity by PCR, IHC, and IF at 13%, 16%, and 21%,
respectively, was seen.

Table2. BVDV AntigenPositivity ObservedinDifferent Cell TypesbyIHCandIF Methods

IHC IF
Spermatid 16 21
Leydig cells 7 12
Spermatocytes 12 21
Sertoli cells 16 21

BVDV, bovine viral diarrhea virus; IF, immunofluorescence; IHC, immunohistochemistry.

A “f‘
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Figure 2. Photomicrograph showing antigenic localization in BVDV-
infected testis tissues using immunohistochemistry and immuno-
fluorescence staining (A-D). (A) BVDV antigen positivity in spermatocytes
(white arrow), spermatids (arrowhead), Sertoli cells (thick arrow), and
Leydig cells (thin arrow) IHC x20. (B) Intracytoplasmic BVDV antigen
positivity in Leydig cells (arrow) IF. (C) BVDV antigen positivity in
spermatocytes (white arrow) and spermatids (arrowhead) IHC x20. (D)
BVDV antigen positivity in spermatocytes (thin arrow), spermatids (thick
arrow), and Sertoli cells (arrowhead) IFx20. BVDV, bovine viral diarrhea
virus

Reproductive results of BVD infection include death in embryonic
and fetal stages, defective calves at birth, and PI calves.®® Again,
the BVD virus can be persistent in semen in cases where bulls are
significantly seropositive yet non-viremic.®' It has been observed
that PI bulls' entire genital tract, including the testes, has signifi-
cant amounts of the BVD virus. Acute infection in bulls provided
the virus to accessory glands and epididymis but not the testes."
However; the presented study found BVDV antigen positivity in
bulls’ testes. This state shows that the bulls are infected during
the formation of blood-testis barriers; so the virus can replicate
in the testis and escape from the barrier.®'

In terms of pathogenesis, persistent infection is formed by
transfer of virus from mother to fetus during pregnancy in
female animals. Our aim in this study was to investigate the
pestiviruses incidentally found in the testis which is one of the
places where the virus would persist in male individuals. In this
context, pestivirus nucleic acid was searched in testicular tissue
of 100 animals cut in a slaughterhouse, and 13 cases (13%) were
detected positively. Persistent infection rates were determined
between 0.07% and 3.07% in studies conducted.?”®? The rate,
which is quite high compared to these studies, may be due to
the fact that our study was carried out in the testis, and RT-PCR
was selected as the diagnostic method instead of the Ag-ELISA
method used in other studies.® The persistence situation could
not be fully explained in this study because the animal has to be
sampled at least 21 days later again and antigen positivity must
be provided for this situation to be revealed.’* However, since
the testicular tissue of the animals that died as the material is
selected and single sampling is performed, the status of persis-
tent infection cannot be determined. Antigen positivity in BVDV
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infections identifies 2 conditions. Positivity may indicate both
acute infection and persistent infection.” However, since the
findings obtained in the study are the determination of antigen
positivity in randomly sampled animals, it is not known whether
the animals are in the period of acute infection or persistent
infection.

Eventhough organ-level distribution of virus was present in differ-
ent research,®®%¢ few studies have been performed on prevalence
and the localization of virus in the bulls’ testis.>"* Viral antigens
were demonstrated in different tissues in lung, thymus, heart,
pancreas, placenta, ovarium, uterine, skin, sinusoids of spleen,
and mucosa of the digestive system in many BVD studies.®**' In
the present study, BVD virus was observed in bulls’ testes using
IHC and IF methods, and the accuracy of these tests was proven
by PCR. Viral antigens were observed to be intracytoplasmic as
reported in the literature.®®#243 |n studies regarding the BVD virus
distribution in the testes, Givens et al** demonstrated the pres-
ence of the antigen in the Sertoli cells but not in Leydig cells and
seminiferous tubules adjoining the basal membranes by using
2 bulls that were artificially infected. In studies performed, viral
antigen immunopositivity was detected in Sertoli cells and sper-
matogonia, but not in Leydig cells. In the present study, BVDV
immunopositivity was found in Sertoli cells, spermatocytes, sper-
matogonia, and Leydig cells. Positivity in Leydig cells has been
associated with BVDV agent that can settle into Leydig cells,
depending on the increased amount of viral antigen. While the
results were incompatible with the observations from cell cul-
ture, 65 bulls did not provide BVD virus in the following tissues:
testes, epididymis, seminal vesicle, and the prostate gland.?®
Positive staining was detected as 21%, 16%, and 13% by indirect IF,
IHC, and PCR, respectively. In IHC and IF testing, several factors
that may play a role in different outcomes have been reported.
One notable drawback of the IF method is its subjectivity in inter-
pretation, even by the experts. It should be noted that the IHC
staining enables the detection of virus particles concealed in the
regular FA method due to utilizing proteolytic enzymes.*

In conclusion, in this study on the investigation of BVDV anti-
gens in bovine abortions in Turkiye where the work was carried
out, while 8 (14.28%) samples were detected positive by direct
IF method, 6 (10.71%) samples were found to be positive by IHC
staining in fetal tissues.*® Results of the presented study are in
accordance with this study and it has determined that bulls are
an important epidemiological factor in the transmission of the
disease. Bovine viral diarrhea virus-positive bulls are widely used
both in natural mating and in artificial insemination; they can
cause a significant increase in the percentage of abortions that
occur. Bovine viral diarrhea virus antigen positivity was found at
21%, 16%, and 13% by indirect immunofluorescence, immunohis-
tochemistry, and RT-PCR, respectively. Cellular localization of the
virus was observed to be testicular cytoplasms. Obtained results
indicate that bulls are a transmission source of infection, whether
they are persistently infected or in the acute phase, and have an
important place in the spread and prevention of the disease.
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