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1. Introduction
Infection control of bovine viral diarrhea virus (BVDV) is 
important due to the negative effect on cattle management 
and production. The management of BVDV infections 
generally consists of the detection and elimination of 
persistently infected animals and vaccination as an optional 
step (1). Although there are different factors that affect the 
control of the disease, the potential effects of antigenic and 
serological differences between the strains are significant 
(2).

Two species, known as BVDV-1 and BVDV-2, were 
reported by the International Committee on Taxonomy of 
Viruses (ICTV). However, there are at least 21 subgenotypes 
in BVDV-1 (1a–1u) based on 5’ UTR and Npro regions (3–
6) and 4 subgenotypes in BVDV-2 (2a–2d) (7), which are 
not recognized by the ICTV. Apparently, BVDV-1 is the 
dominant species of BVDV. The diversity of BVDV is not 
only at the genetic level but also in antigenic composition. 
Antigenic differences were also demonstrated between both 
BVDV species (8) and subgenotypes (9). Complications 
arise from differences among BVDV strains that restrict the 
efficiency of diagnosis (2) and vaccination protocols (10) 
and negatively affect the control and management programs. 
The effect of having more subgenotypes on disease control 
programs was reviewed (11). There are a number of 

studies that demonstrate the effects of immunization by 
different kinds of vaccines. Although some side effects of 
vaccines, such as clinical signs or infection development, 
were indicated, there is progress in vaccine production. It 
has been suggested that a modified live vaccine developed 
by mutation reduces the risk of persistent infection (12). 
Therefore, new approaches on live vaccines are promising 
in terms of reducing the risk associated with live vaccines.

 Besides the increasing numbers of subgenotypes, 
interactions between the effect of vaccines and recently 
identified subgenotypes are still unknown. 

The aim of this study was to investigate neutralizing 
antibody titers against field strains from different 
subgenotypes of BVDV in cattle vaccinated with commercial 
vaccines. For that purpose, neutralizing antibody titers 
raised by three internationally widely used commercial 
vaccines, including either BVDV-1a alone or BVDV-1 
and BVDV-2 strains together, were evaluated against field 
strains (10 BVDV-1 and 1 BVDV-2) from eight different 
subgenotypes of BVDV. 

2. Materials and methods
2.1. Animals 
Twenty Holstein-Friesian calves aged between 6 and 
10 months were selected from a dairy farm located in 
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northwest Turkey. The farm uses an intensive management 
system (Dataflow, SCR), including a programmed BVDV 
eradication schedule adapted to follow by personal 
records. All animals on the farm were monitored under 
surveillance for a few years and BVDV-free status was 
confirmed prior to the start of this study. The animals 
were selected from well-conditioned male calves in a 
young stock. Confirmation of BVDV-negative status of 
the studied calves for BVDV antigen and antibodies was 
achieved by blood testing using antigen-capture ELISA 
(Herdcheck Idexx, 99-43830, Sweden) and a serum 
neutralization assay against the reference strain BVDV-
NADL (5). Unvaccinated calves were randomly selected 
from the tested calves for the study. Animals were grouped 
according to their ages and maintained under equivalent 
conditions. Twenty calves were divided into one control 
and three experimental (vaccine) groups, where each 
group consisted of five animals. Data on the animals and 

study groups are shown in Table 1. Experimental studies on 
animals were authorized by the Uludağ University Local 
Ethic Committee for Animal Experiments (UÜ-HADYEK 
2008-5/6). After immunization, the animals were housed 
in the same facility under natural management conditions 
provided by the farm.
2.2. Vaccine administration and sample collection
Three commercial vaccines were used for animal 
immunization. All three vaccines were inactivated whole 
virion vaccines and were applied as recommended by 
the manufacturers. One of the vaccines (Vaccine-1) was 
monovalent while the other vaccines, Vaccine-2 and 
Vaccine-3, were polyvalent, consisting of different viruses 
and bacteria (Table 1). A booster dose was applied for 
all three vaccines at day 30 after prime vaccination (pi). 
Beginning at prime vaccination (day 0), blood samples were 
collected into vacutainer tubes. Samples including control 
groups were collected 6 times within 15-day intervals at 

Table 1. Properties of vaccines and animals used in the experiment.  

Experimental 
groups

Vaccines Animals

Properties Type of BVDV 
content

Other pathogen 
compositions Usage Numbers Ages

(months)

Group 1
(Vaccine-1)

Inactivated, 
monovalent BVDV-1a (5960) _

2 mL, SC,
30 days interval,
2 doses

1.1 10
1.2 9
1.3 8
1.4 7
1.5 6

Group 2
(Vaccine-2)

Inactivated, 
polyvalent

BVDV-1a (KY22), 
BVDV-2a (TN131)

BHV-1, BRSV, PI-3, H. 
somnus

5 mL, IM,
30 days interval,
2 doses

2.1 10
2.2 9
2.3 8
2.4 7
2.5 6

Group 3
(Vaccine-3)

Inactivated, 
polyvalent

BVDV-1a (Singer)

BHV-1, BRSV, PI-3, 
P.haemolytica, L.pomona, 
L. hardjo, L. grippotyphosa, 
L. canicola, and L. 
icterohaemorrhagiae

5 mL, IM,
30 days interval,
2 doses

3.1 10
3.2 9
3.3 8
3.4 7
3.5 6

Control group – wPBS _
2 mL, SC,
30 days interval,
2 doses

C.1 10
C.2 9
C.3 8
C.4 7
C.5 6

BHV-1: Bovine herpesvirus type 1; BRSV: Bovine respiratory syncytial virus; PI-3: Parainfluenza virus type 3; SC: Subcutaneous 
injection; IM: Intramuscular injection; wPBS: white phosphate buffered saline.
– : There are no other pathogens given by the vaccination.



718

ALPAY and YEŞİLBAĞ / Turk J Vet Anim Sci

days 0, 15, 30, 45, 60, and 75 pi. At prime and booster 
dose applications, blood samples were collected from all 
animals before immunization. Sera were inactivated at 56 
°C for 30 min and stored at –20 °C until further use in the 
neutralization assay.
2.3. Viruses and cell line
Viruses were selected among field strains gathered from 
Turkey. There were eight published subgenotypes of 
BVDV (BVDV-1a, -1b, -1d, -1f, -1h, -1l, -1r, BVDV-
2b) circulating in Turkey at the time of the study. Thus, 
we evaluated the neutralizing antibody levels against 10 
BVDV-1 field strains from subgenotypes of BVDV-1a, 
-1b, -1d, -1f, -1h, -1l, and -1r, and one BVDV-2 strain 
(BVDV-2b), which were selected according to their 
phylogenetic analyses (5,6) (Table 2). Because BVDV-
1l is the most prevalent BVDV subgenotype in Turkey 
(3,5), four representative strains were selected from 
this subgenotype, while only one strain was selected for 
the other subgenotypes included in this study (Table 2). 
All of the 11 BVDV strains used in this study were of 
noncytopathogenic (ncp) biotype. A cytopathogenic 
reference strain BVDV-NADL was used as a control virus 
in neutralization tests and a noncytopathogenic strain 
TR-19 (BVDV-1l) isolate was chosen as a control virus for 
indirect immunoperoxidase monolayer assay (I-IPMA). 
All viruses used for the assays were propagated in the 
Madin-Derby Bovine Kidney (MDBK) cell line grown in 
Dulbecco’s Modified Eagle’s Medium (DMEM, Biochrom 
AG, T041-05) supplemented with 5% fetal bovine serum 
(PAA, A11-151), amphotericin B (250 mg/mL, PAA, 
p11-001), and penicillin/streptomycin (PAA, p11-010). 
Cell lines and fetal bovine serum were also checked by 
antigen ELISA, I-IPMA, and neutralization testing to 
confirm they were not contaminated prior to the start of 
this study. Viral growth was determined using an indirect 
immunoperoxidase monolayer assay (I-IPMA). Viruses 
were harvested, frozen-thawed twice, and centrifuged at 
3000 × g for 10 min. The MDBK cell line was also used 
in the virus titration and cross-neutralization tests. Virus 
titers were calculated using the Spearman-Karber method. 
Properties of the viruses and estimated titers are shown in 
Table 2. 
2.4. Neutralization test and indirect immunoperoxidase 
monolayer assay (I-IPMA)
To evaluate cross-reactivity between the vaccine-induced 
antibody and BVDV isolates, indirect immunoperoxidase 
monolayer assay was applied combined with neutralization 
assay, as recommended before (5,6) with minor alterations. 
Briefly, 2-fold dilutions of heat-inactivated sera from all 
animals collected at 6 different time points were prepared 
in DMEM. Two serial 2-fold dilutions of each sample were 
prepared in 24-well plates in 400 µL and mixed with an 
equal volume of 100 TCID50 of the tested BVDV strain. 

Plates were incubated for 1 h at 37 °C. After the addition of 
an equal volume of MDBK cell suspension (200,000 cells/
mL), the plates were incubated at 37 °C in an atmosphere 
of 5% CO2 for 3 days. An indirect immunoperoxidase 
monolayer assay was performed to determinate the virus-
neutralization reactions. For this purpose, after heat fixation 
of the test plates by dry heat at +80 °C for 3 h, 0.5% O-D-
glucopyranoside (Sigma, St. Louis, MO, USA) solution in 
w-PBS (without calcium and magnesium) was added and 
plates were incubated for 10 min at room temperature. 
After rinsing with Tween-PBS (0.05% Tween 20 in PBS), 
the monoclonal mouse antibody (pool 1/4/7) specific to 
NS3 protein of pestiviruses (13), biotin-labeled antimouse 
antibody (Pierce, Rockford, USA), and streptavidin-
biotinylated-HRPO conjugates (Pierce, Rockford, USA) 
were used respectively and each were incubated for 90 min 
at 37 °C. The rinse and antibody dilution were performed 
with Tween-PBS (0.05% Tween 20 in PBS) at the end of 
each step. Development of an intracytoplasmic reddish 
stain after the addition of substrate solution (2 mg AEC in 
0.3 mL DMF, 4.7 mL Na-acetate buffer [pH 5.5], and 0.05% 
H2O2) was considered virus-positive, but negative for 
specific antibodies. In addition, the highest serum dilution 
inhibited specific viral growth in 50% of the related wells 
and was considered as the neutralization titer. 
2.5. Statistical analyses
The model included the fixed effects of group, time of blood 
sampling, virus strain, and all other interactions on the 
antibody titers; the effect of calves was taken into account 
as a random effect. The PROC GLIMMIX procedure of 
the software SAS 9.4 was used for statistical analyses of 
antibody titers. All the values are expressed as least square 
means ± SEM. Statistical differences were considered 
significant for P < 0.05 and a tendency for P < 0.10.

Table 2. Virus strains and their titers. 

BVDV subgenotype Virus strain Titer
(TCID50/0.1 mL) 

BVDV-1a TR-2 10–4.7

BVDV-1b TR-12 10–4.45

BVDV-1d TR-11 10–4.2

BVDV-1f TR-38 10–2.45

BVDV-1h TR-23 10–4.95

BVDV-1l
BVDV-1l
BVDV-1l
BVDV-1l

TR-1
TR-16
TR-21
TR-29

10–4.95

10–5.2

10–3.7

10–3.7

BVDV-1r TR-73 10–4.2

BVDV-2b TR-15 10–2.75
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3. Results
All animals in the control group remained seronegative 
(< 1:5 antibody titer) until the end of the study, and all 
of the vaccinated animals had seroconverted. Neutralizing 
antibodies specific to BVDV were detected in sera 
collected from all immunized animals during the five 
sampling periods at days 15, 30, 45, 60, and 75 pi. In this 
study, individual antibody responses to BVDV-1a, -1b, -1d, 
-1f, -1h, -1l, -1r, and BVDV-2b strains were determined 
on days 0, 15, 30, 45, 60, and 75. Interaction of sampling 
times and neutralizing antibody titers of vaccine groups 
were statistically analyzed (Table 3). Geometric means of 
antibody titers against ten BVDV-1 strains and one BVDV-
2 strain detected in five animals in the group were used 
to determine the mean titer against a defined virus strain, 
as presented in Table 4. Geometric means of neutralizing 
antibody titers were calculated for each sampling time for 
comparison of the groups. 

According to the geometrical means of antibody titers 
obtained in 5 samplings (Table 4), the highest antibody 
titer was detected against BVDV-1h by Vaccine-2 (mean 
titer 1577.6). The second highest titer was against BVDV-
1a by Vaccine-1 (mean titer 1460.8). Considering that the 
four strains belong to BVDV-1l (TR-1, TR-16, TR-21, TR-
29), the highest antibody titer was obtained with different 
vaccines. While Vaccine-1 induced the highest antibody 
titers for TR-21 (445) and TR-29 (1311.9), Vaccine-3 
induced the same conditions for TR-1 (666.3) and TR-16 
(874.2). Besides the higher responses induced by Vaccine-3 
among BVDV-1 subgenotypes, titers against BVDV-1r 
and BVDV-1d at Vaccine group 3 were prominently low. 
Vaccine-3-induced antibody titers were between 147.0 
and 388.0 against TR-73 (BVDV-1r) and between 194.0 
and 445.7 against TR-11 (BVDV-1d). For strain TR-12 
(BVDV-1b), not only Vaccine-3 but also Vaccine -2 led 
to low levels of neutralization antibody titers. Titers for 
Vaccine-3 were between 55.7–84.4. 

Antibody responses of strain TR-15 (BVDV-2 
genotype) induced by all vaccines were between titer 32.0 
and 294.1 (Table 4). However, individual observations of 
antibody titers against TR-15 (BVDV-2 genotype) by each 
of the three vaccines were 128.0–294.1, 64–84.4, and 32.0–
64.0, respectively.

4. Discussion
Because of the risk of live vaccines in pregnant cows, 
investigations for the control of BVD have mostly focused 
on the improvement of inactivated vaccines (14). However, 
an inactivated BVDV vaccine PregSure® BVD containing 
cytopathogenic BVDV-1a (strain 5960) was retracted 
from the market due to having a correlation with bovine 
neonatal pancytopenia (BNP) (15).

Although the efficiency of inactivated vaccines is 
strongly and directly related to antigen concentration, the 

number and route of administration, individual immunity 
discrepancies, specificity of detection methods, type of 
adjuvant, and strains of virus selected for vaccination are 
also critical factors for the level of antibodies detected 
after BVDV immunization (16–21). In previous studies, 
effects of vaccine types on the level of immune response 
(22), differences in cross-protective immune response 
between different BVDV subgenotypes (23), or adverse 
effect, i.e. leucopenia induced by BVDV vaccination (24), 
have also been reported. Although it has been suggested 
that antibody titers may not be predictive criteria (22), 
neutralization responses are still important criteria to 
discuss the level of cross-protection among various BVDV 
strains/subgenotypes. Hence, due to high diversity among 
BVDV strains, a special interest has been focused on cross-
protection between vaccine strain and field strains over the 
last decade (17,20).  

In this study, neutralizing antibody responses developed 
by three commercial inactivated BVDV vaccines were 
investigated against 11 field strains of BVDV obtained in 
Turkey. The individual antibody titers in calves evaluated 
by virus neutralization assays ranged between 8 and 8192 
(data not shown). Although the interaction between 
vaccine groups and sampling times was not significant (P 
= 0.11), especially in groups 2 and 3, antibody titers did 
not increase quickly following the second administration 
of vaccines. This outcome can also be seen in different 
studies in which killed vaccines were used (21,25). In a 

Table 3. Least square means of antibody titers of all the 
subgenotypes (including BVDV-1 and BVDV-2) obtained with 
neutralization assay at different sampling times.

Group Sampling  day Antibody titers

1 15 1266.91 ± 151.04
1 30 963.20 ± 151.04
1 45 1247.71 ± 151.04
1 60 1203.49 ± 151.04
1 75 1245.96 ± 151.04
2 15 828.22 ± 151.04
2 30 841.02 ± 151.04
2 45 890.47 ± 151.04
2 60 929.75 ± 151.04
2 75 1204.65 ± 151.04
3 15 712.96 ± 151.04
3 30 627.64 ± 151.04
3 45 469.96 ± 151.04
3 60 874.18 ± 151.04
3 75 908.80 ± 151.04
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general approach, using killed whole virion vaccines is 
expected to have a considerably higher titer after booster 
vaccination. Unexpected data obtained in the study may 
be related to technical problems or antigenic dissimilarity 
between vaccinal strain and test viruses. 

Fulton et al. (26) reported that when using a live 
attenuated vaccine containing BVDV-1a and BVDV-
2a, the obtained neutralizing antibody titer of 64 against 
BVDV-1b was not sufficient for protection against 
infection with BVDV-1b. In another experimental study 
that evaluated the efficiency of fetal protection using an 
inactivated vaccine containing BVDV-1a and BVDV-
2a, it was noted that mean antibody titers of 724 against 
BVDV-1a and the titer of 351 against BVDV-2a could 
be inadequate for protection against new infections (27). 
These results showed that cross-neutralizing titers gained 
with the vaccines, including BVDV-1a and -2a, could be 
inadequate for protection against BVDV-1b strains. In 
the present study, the lowest geometrical mean titers in 
vaccinated animals were detected against the field strain 
from BVDV-1b among BVDV-1 subgenotypes (Table 4). 
The average of geometrical mean titers against BVDV-
1b was extremely low (55.7 at day 75 pi) in the group of 

animals vaccinated with Vaccine-3. Containing different 
BVDV-1a strains in each of the three vaccines could be the 
main reason for diversity in antibody titers against BVDV 
field strains. Thus, the obtained results support the idea 
that vaccines containing international vaccine strains of 
BVDV subgenotypes can be less efficacious in different 
countries or geographies where a different subgenotype is 
predominant.

Bolin et al. (28) suggested that a neutralizing antibody 
titer of 256 or higher is required for protection against 
the clinical appearance of BVDV infections, although 
Beer et al. (14) reported another protective titer of 
512. Considering both studies, the lowest neutralizing 
antibody titer for protection against BVDV is 256 under 
experimental conditions. Although most of the antibody 
titers detected in this study were at a considerable level, 
some results were not satisfying according to the previous 
studies. Regarding titer 256 as a reference titer, results 
against BVDV-1b and some other subgenotypes in BVDV-
1 appear to be critical. Lower antibody titers were observed 
against BVDV-1d with the sera developed by Vaccine-3 
and against BVDV-1r by both Vaccines 2 and 3. When 
considering strain BVDV TR-73 (BVDV-1r), which was 

Table 4. Geometric mean values of neutralizing antibody titers against local BVDV strains*. 

Experimental 
group

Sampling 
day

BVDV-1a BVDV-1b BVDV-1d BVDV-1f BVDV-1h BVDV-1l BVDV-1r BVDV-2b

TR-2 TR-12 TR-11 TR-38 TR-23 TR-1 TR-16 TR-21 TR-29 TR-73 TR-15

1

15 1176.3 337.8 675.6 776.0 445.7 388.0 1024.0 256.0 1782.9 675.6 128.0
30 1176.3 73.5 294.1 1176.3 388.0 256.0 891.4 337.8 1552.1 1176.3 194.0
45 2048.0 294.1 512.0 1024.0 588.1 337.8 445.7 294.1 1024.0 1351.2 294.1
60 1552.1 512.0 588.1 891.4 776.0 256.0 776.0 891.4 1024.0 1351.2 147.0
75 1351.2 256.0 588.1 2048.0 512.0 445.7 776.0 445.7 1176.3 1552.1 147.0
Mean** 1460.8 294.7 945.5 1183.1 542.0 336.7 782.6 445.0 1311.9 1221.3 182.0

2

15 588.1 194.0 445.7 1024.0 2352.5 256.0 445.7 445.7 1024.0 294.1 84.4
30 512.0 147.0 445.7 1351.2 1176.3 294.1 891.4 337.8 891.4 222.9 64.0
45 256.0 222.9 588.1 675.6 1024.0 388.0 512.0 512.0 1024.0 294.1 73.5
60 445.7 147.0 588.1 675.6 1552.1 675.6 891.4 337.8 588.1 675.6 84.4
75 675.6 222.9 675.6 588.1 1782.9 675.6 891.4 337.8 776.0 388.0 55.7
Mean** 495.5 186.8 370.4 863.9 1577.6 567,9 726.4 394.2 860.7 374.9 72.4

3

15 512.0 55.7 222.9 388.0 1176.3 891.4 588.1 388.0 1024.0 168.9 32.0
30 588.1 84.4 294.1 588.1 891.4 588.1 388.0 388.0 891.4 194.0 32.0
45 388.0 64.0 194.0 512.0 776.0 588.1 588.1 256.0 1024.0 147.0 42.2
60 891.4 73.5 337.8 776.0 891.4 675.6 1024.0 512.0 588.1 388.0 64.0
75 675.6 55.7 445.7 588.1 776.0 588.1 1782.9 675.6 776.0 388.0 55.7
Mean** 611.0 66.7 298.9 570.4 902.2 666.3 874.2 443.9 860.7 257.2 45.2

*Each value of titers represents the geometric mean of titers from five animals allocated in the subjected experimental group.
**Means of antibody titer obtained in five consecutive samples.
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isolated from a BVDV vaccinated herd (6), antibody titers 
lower than 256 support the previously suggested data (28).

The highest antibody responses are generally detected 
against homologous strains of the virus (29,30). Differences 
between antibody titers induced against homologous 
subgenotypes are another striking issue in this study. For 
Vaccine-2 and Vaccine-3, the highest antibody titers were 
observed against BVDV-1h; however, the highest antibody 
reaction with Vaccine-1 was produced by the homologous 
subgenotype BVDV-1a. Previous indicated serological 
similarities between BVDV-1a and BVDV-1h (30) may 
be related to higher antibody reactions detected in this 
study; however, antigenic dissimilarities between BVDV-
1a strain TR-2 and the strain included in the vaccine could 
be taken into account. 

The geometrical means of antibody titers against BVDV-
2 detected in this study were between 128.0 and 294.0 by 
Vaccine-1, and between 32.0 and 64.0 by Vaccine-3. There 
are different studies with BVDV-1 vaccines that reported 
low antibody responses against BVDV-2 strains compared 
to BVDV-1 (31,32). Interestingly, Vaccine-2 also induced 
low antibody titers (56.0–84.0) against BVDV-2, although 
it contains the BVDV-2 strain in addition to BVDV-1a. 
Antigenic differences between the vaccine strain and 
BVDV-2b field strain could be the reason for low reactions 
obtained at the cross-neutralization test. These parameters 
noted the importance of antigenic differences between 
BVDV-2 subgenotypes, as accepted in BVDV-1. 

The geometrical mean values of antibody titers obtained 
by all three vaccines against BVDV-1 subgenotypes were 
between 502.0 and 836.0, 443.0 and 606.0, and 273.0 
and 455.0, respectively (Table 5). Vaccine-1 used in this 
study was monovalent, while the other two vaccines were 
polyvalent. In an experiment in which the BVDV-1a-

containing monovalent vaccine and the polyvalent vaccine 
containing five BVDV-1 strains were compared, higher 
neutralization titers against the NADL strain have been 
stated by the monovalent vaccine (33). Similar results were 
obtained in this study. According to the geometric mean 
values, Vaccine-1 commonly yielded higher antibody 
titers compared to the other two vaccines. This situation 
was observed not only in BVDV-1 subgenotypes but also 
in BVDV-2b subgenotypes (Figure). The effect of group 

Table 5. Geometric mean values of antibody titers against BVDV-
1 and BVDV-2. 

Vaccine
group

Sampling
day

BVDV-1 
(total) BVDV-2

1

15 633.5 128.0
30 501.9 194.0
45 784.9 294.1
60 835.9 147.0
75 803.4 147.0

2

15 478.7 84.4
30 484.9 64.0
45 443.5 73.5
60 532.7 84.4
75 605.9 55.7

3

15 272.7 32.0
30 360.2 32.0
45 268.7 42.2
60 454.6 64.0
75 426.3 55.7
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Figure. Comparison of mean values for antibody titers against BVDV-1 and BVDV-2.
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(vaccine type) was found to be significant (P < 0.01). 
The difference among groups was a result of vaccine type 
(monovalent vs. polyvalent) and the monovalent vaccine 
(group 1) had higher antibody titers when compared to 
group 2 (P = 0.09) and group 3 (P < 0.01). The results also 
support the idea of monovalent vaccines having better 
immunity results compared to polyvalent vaccines. This 
outcome may arise not only from variations of strains 
used in vaccines but also due to different combinations 
of additional organisms in the vaccine. The efficiency of 
monovalent and polyvalent vaccines against heterologous 
subgroups may be a matter for future work.

In conclusion, abundant research studies have 
evaluated the protective efficiency of commercial 
vaccines against field isolates. A considerable amount 
of these investigations were performed with BVDV-1a, 
-1b, and BVDV-2 strains, which are widespread in most 

geographic areas (4,27,34). There is only a small number 
of investigations on immunological reactions against 
newly reported BVDV isolates. The aim of this study 
was to evaluate the antibody titers against current BVDV 
subgenotypes. This study concluded that in addition to 
the subgenotype BVDV-1b, which is frequently seen in 
Europe (3), low antibody titers could be induced against 
BVDV-1d, BVDV-1r, and BVDV-2b by commonly used 
inactivated BVDV vaccines. 

Acknowledgments
This study was supported by the Scientific and Technological 
Research Council of Turkey (TÜBİTAK) (project no: 109 
0 762) and the Uludağ University Research Fund (project 
no: 2010/43). We also thank Serdal Dikmen at Uludağ 
University, Faculty of Veterinary Medicine, Department of 
Animal Science, for support in statistical analysis.

References

1.	 Ståhl K, Alenius S. BVDV control and eradication in Europe – 
an update. Jpn J Vet Res 2012; 60: 31-39. 

2.	 Reddy JR, Xue W, Rivera S, Minocha HC. Antigenic differences 
between a field isolate and vaccine strains of bovine viral 
diarrhea virus. J Clin Microbiol 1995; 33: 2159-2161.

3.	 Yeşilbağ K, Alpay G, Becher P. Variability and global 
distribution of subgenotypes of bovine viral diarrhea virus. 
Viruses 2017; 9: 128.

4.	 Xue F, Zhu YM, Li J, Zhu LC, Ren XG et al. Genotyping of 
bovine viral diarrhea viruses from cattle in china between 2005 
and 2008. Vet Microbiol 2010; 143: 379-383. 

5.	 Yeşilbağ K, Förster C, Bank-Wolf B, Yılmaz Z, Alkan F et al. 
Genetic heterogeneity of bovine viral diarrhoea virus (BVDV) 
isolates from Turkey: Identification of a new subgroup in 
BVDV-1. Vet Microbiol 2008; 130: 258-267.

6.	 Yeşilbağ K, Förster C, Ozyiğit MO, Alpay G, Tuncer P et al. 
Characterisation of bovine viral diarrhoea virus (BVDV) 
isolates from an outbreak with haemorrhagic enteritis and 
severe pneumonia. Vet Microbiol 2014; 169: 42-49.

7.	 Giangaspero M, Harasawa R, Weber L, Belloli A. Taxonomic 
and epidemiological aspect of the bovine viral diarrhoea virus 
2 through the observation of the secondary structures in the 5’ 
genomic untranslated region. Vet Ital 2008; 44: 319-345.

8.	 Ridpath JF. Practical significance of heterogeneity among 
BVDV strains: impact of biotype and genotype on U.S. control 
programs. Prev Vet Med 2005; 72: 17-30.

9.	 Fulton RW, Ridpath JF, Confer AW, Saliki JT, Burge LJ et al. 
Bovine viral diarrhea virus antigenic diversity: impact on disease 
and vaccination programmes. Biologicals 2003; 31: 89-95. 

10.	 Zimmer GM, Wentink GH, Bruschke C, Westenbrink FJ, 
Brinkhof J et al. Failure of foetal protection after vaccination 
against an experimental infection with bovine virus diarrhea 
virus. Vet Microbiol 2002; 89: 255-265.

11.	 Fulton RW. Impact of species and subgenotypes of bovine viral 
diarrhea virus on control by vaccination. Anim Health Res Rev 
2015; 16: 40-54.

12.	 Wernike K, Michelitsch A, Aebischer A, Schaarschmidt U, 
Konrath A et al. The occurrence of a commercial Npro and 
Erns double mutant BVDV-1 live-vaccine strain in newborn 
calves. Viruses 2018; 10: 274.

13.	 Cedillio RS. Charakterisierung ruminanter Pestiviren mittels 
Polymerasekettenreaktion und monoklonaler Antikörper. 
Justus Liebig University Giessen, GER (Dissertation), 2004.

14.	 Beer M, Hehnen HR, Wolfmeyer A, Poll G, Kaaden OR et 
al. A new inactivated BVDV genotype I and II vaccine. An 
immunisation and challenge study with BVDV genotype I. Vet 
Microbiol 2000; 77: 195-208. 

15.	 Deutskens F, Lamp B, Riedel CM, Wentz E, Lochnit G et 
al. Vaccine-induced antibodies linked to bovine neonatal 
pancytopenia (BNP) recognize cattle major histocompatibility 
complex class I (MHC I). Vet Res 2011; 42: 97. 

16.	 Fernández F, Costantini V, Barrandeguy M, Parreño V. 
Evaluation of experimental vaccines for bovine viral diarrhea 
in bovines, ovines and guinea pigs. Rev Argent de Microbiol 
2009; 41: 86-91. 

17.	 Kalaycioglu AT. Bovine viral diarrhoea virus (BVDV) diversity 
and vaccination. Vet Quart 2007; 29: 60-67. 

18.	 Reber AJ, Tanner M, Okinaga T, Woolums AR, Williams S et 
al. Evaluation of multiple immune parameters after vaccination 
with modified live or killed bovine viral diarrhea virus vaccines. 
Comp Immunol Microbiol 2006; 29: 61-77. 

19.	 Ridpath JF, Dominowski P, Mannan R, Yancey JR, Jackson JA 
et al. Evaluation of three experimental bovine viral diarrhea 
virus killed vaccines adjuvanted with combinations of Quil 
A cholesterol and dimethyldioctadecylammonium (DDA) 
bromide. Vet Res Commun 2010; 34: 691-702.

http://www.ncbi.nlm.nih.gov/pubmed/?term=Reddy JR%5BAuthor%5D&cauthor=true&cauthor_uid=7559968
http://www.ncbi.nlm.nih.gov/pubmed/?term=Xue W%5BAuthor%5D&cauthor=true&cauthor_uid=7559968
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rivera S%5BAuthor%5D&cauthor=true&cauthor_uid=7559968
http://www.ncbi.nlm.nih.gov/pubmed/?term=Minocha HC%5BAuthor%5D&cauthor=true&cauthor_uid=7559968


723

ALPAY and YEŞİLBAĞ / Turk J Vet Anim Sci

20.	 Rodning SP, Marley MS, Zhang Y, Eason AB, Nunley CL et 
al. Comparison of three commercial vaccines for preventing 
persistent infection with bovine viral diarrhea virus. 
Theriogenology 2010; 73: 1154-1163.

21.	 Baccili CC, Martin CC, Decaris N, Madureira KM, Chase et al. 
Effects of 3 different commercial vaccines formulations against 
BVDV and BHV-1 on the inflammatory response of Holstein 
heifers. Vet Sci 2019; 6 (3): e69. 

22.	 Downey-Slinker ED, Ridpath JF, Sawyer JE, Skow LC, Herring 
AD. Antibody titers to vaccination are not predictive of level of 
protection against a BVDV type 1b challenge in Bos indicus - 
Bos taurus steers. Vaccine 2016; 34 (42): 5053-5059.

23.	 Riitho V, Larska M, Strong R, La Rocca SA, Locker N et al. 
Comparative analysis of adaptive immune responses following 
experimental infections of cattle with bovine viral diarrhoea 
virus-1 and an Asiatic atypical ruminant pestivirus. Vaccine 
2018; 36: 4494-4500.

24.	 Sarikaya S, Azkur AK, Gazyagci S. Inactivated bovine viral 
diarrhea virus vaccine trigger leukopenia and lymphopenia on 
calves. Acta Scientiae Veterinariae 2011; 39: 994.

25.	 Baccili CC, Sobreira NM, Silva BT, Pituco EM, Gomes V. 
Interface between maternal antibodies and natural challenge 
for bovine viral diarrhea virus (BVDV) in Holstein Heifers. 
Acta Scientiae Veterinariae 2016; 44: 1406.

26.	 Fulton RW, Briggs RE, Ridpath JF, Saliki JT, Confer AW et al. 
Transmission of bovine viral diarrhea virus 1b to susceptible 
and vaccinated calves by exposure to persistently infected 
calves. Can J Vet Res 2005; 69: 161-169.

27.	 Grooms D, Bolin SR, Coe PH, Borges RJ, Coutu CE. Fetal 
protection against continual exposure to bovine viral diarrhea 
virus following administration of a vaccine containing an 
inactivated bovine viral diarrhea virus fraction to cattle. Am J 
Vet Res 2007; 68: 1417-1422. 

28.	 Bolin SR, Ridpath JF. Assessment of protection from systemic 
infection or disease afforded by low to intermediate titers of 
passively acquired neutralizing antibody against bovine viral 
diarrhea virus in calves. Am J Vet Res 1995; 56: 755-759. 

29.	 Fulton RW, Burge LJ. Bovine viral diarrhea virus types 1 and 
2 antibody response in calves receiving modified live virus or 
inactivated vaccines. Vaccine 2001; 19: 264-274. 

30.	 Alpay G, Yeşilbağ K. Serological relationships among 
subgroups in bovine viral diarrhoea virus genotype 1 (BVDV-
1). Vet Microbiol 2015; 175: 1-6.

31.	 Bachofen C, Stalder H, Braun U, Hilbe M, Ehrensperger F et 
al. Co-existence of genetically and antigenically diverse bovine 
viral diarrhoea viruses in an endemic situation. Vet Microbiol 
2008; 131: 93-102.

32.	 Fulton RW, Step DL, Ridpath JF, Saliki JT, Confer AW et al. 
Response of calves persistently infected with noncytopathic 
bovine viral diarrhea virus (BVDV) subtype 1b after 
vaccination with heterologous BVDV strains in modified live 
virus vaccines and Mannheimia haemolytica bacterin-toxoid. 
Vaccine 2003; 21: 2980-2985.

33.	 Kurcubic VS, Milic NS, Djokovic RD, Ilic ZZ. Evaluation 
of immunogenic properties of monovalent and polyvalent 
inactivated bovine virus diarrhea virus (BVDV). Afr J 
Microbiol Res 2011; 5: 2422-2427.

34.	 Fulton RW. Vaccines. In: Goyal SM, Ridpath JA, editors. Bovine 
Viral Diarrhea Virus: Diagnosis, Management and Control. 1st 
ed. Ames, IA, USA: Blackwell Publishing, 2005. pp. 209-222.


