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Foot-and-mouth disease (FMD) is a highly conta-
gious viral infection that affects cloven hoofed animals 
and causes economic losses. This virus, which belongs 
to the Apthovirus genus, Picornaviridae family, has 
seven serotypes: A, O, C, Asia 1, and SAT (Southern 
African Territories) 1, 2, and 3. The FMD virus is an 
RNA virus with a highly variable structure, and there 
is generally no cross-protection between its serotypes 
(24, 27).

FMD-free countries seek to prevent the introduction 
of the virus into the country by imposing restrictions on 

the importation of animals and animal products from 
countries where the disease is present. In addition, in 
the event of an epidemic in these disease-free countries, 
compulsory slaughter, quarantine, and vaccination 
are implemented. In endemic countries, precautions 
are taken to reduce the incidence of the disease by 
combining sanitation practices and preventive vac-
cinations with inactivated vaccines of the appropriate 
serotype (7).

Bluetongue (BT) is a viral disease of ruminants. It is 
transmitted by vectors and results in high morbidity and 
mortality rates. The causative agent of BT is the blue-
tongue virus (BTV), which belongs to the Orbivirus 
genus of the Reoviridae family (29). Recent studies 
have demonstrated virulence differences and extremely 
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Summary

Foot-and-mouth disease (FMD) and bluetongue disease (BT) are two of the most devastating viral diseases 
affecting domestic and wild ruminants. They cause significant economic losses, and vaccination is the most 
important method for combating both FMD and BT. Simultaneous vaccinations are crucial for animal welfare 
as well as labor and cost savings. No reports were found on the simultaneous administration of FMD and BT 
vaccines to sheep. This study evaluated the effect of the simultaneous administration of an inactivated FMD 
vaccine and an attenuated BT vaccine on the humoral immune response to both diseases. A total of 75 six-
month-old Akkaraman-Kıvırcık crossbred sheep that did not have any vaccination history were used as research 
material. Before the experiment, the animals were tested for the absence of FMD and BT antibodies. The sheep 
were divided into three experimental groups and vaccinated with an FMD vaccine alone, a BT vaccine alone, 
and both. Blood samples were taken on days 30 and 60 post-vaccination. The blood samples were evaluated 
using liquid-phase blocking ELISA (LPBE) and virus neutralization test (VNT) for FMD antibodies, as well as 
competitive ELISA (c-ELISA) and VNT for BT antibodies. The study revealed that differences between the FMD 
and BT antibody titers of the group vaccinated simultaneously and the FMD and BT antibody titers obtained 
from the groups vaccinated separately were not statistically significant (p > 0.05). It was concluded that the 
antibody response these diseases was not altered when the FMD and BT vaccines were administered together.
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low cross-immunity between the 29 serotypes of BTV 
(28, 35). Live attenuated and inactivated vaccines are 
widely used to combat BT (10).

Vaccination campaigns against many pathogens in 
the field generally coincide within the same period, 
resulting in economic, labor, and time losses due to 
repeated visits of veterinarians to enterprises for each 
vaccination. Moreover, considering the stress caused 
by vaccination to animals, simultaneous/combined 
administration of vaccines is also important for animal 
welfare. Several studies were conducted in Turkey 
and abroad in which an inactivated FMD vaccine was 
applied simultaneously with different attenuated live 
vaccines. It has been reported that inactivated FMD 
vaccines and live attenuated vaccines can be admin-
istered together (2, 3, 10, 13, 15, 34). The present 
research was conducted to determine the level of im-
munity against both diseases that can be induced by the 
mandatory spring period administration of inactivated 
FMD vaccine and live attenuated BT vaccine in Turkey.

Material and methods
Vaccines. This study used TURVAC-OIL (Serial No. 

12/12), manufactured by the FMD Institute in Ankara, 
Turkey, a  tetravalent inactive double oil emulsion FMD 
vaccine containing A/NEP 84 (A/Asia/G-VII), A/TUR 16 
(A/Asia/G-VII), O/TUR 07 (O Panasia II), Asia 1/TUR 15 
(As/Sindh 08) vaccine strains, and Montanide ISA 206 adju-
vant (Seppic, France). The FMD vaccine, with 6 PD50 per 
dose, contained 6 µg/ml antigens of the A serotype, 8 µg/ml  
of the O serotype, and 6 µg/ml of the Asia 1 serotype. The 
BT vaccine used in this study was BLU-T4 ETVAC (Serial 
No. 16/BT/1), manufactured by the Central Veterinary 
Control Institute in Ankara, Turkey. It is a lyophilized live 
attenuated BT vaccine containing SA/BT/4 with a titer of 
TCID50 10–4.5/ml.

Viruses. FMD viruses A/NEP 84 (A/Asia/G-VII),  
A/TUR 16 (A/Asia/G-VII), O/TUR 07 (O Panasia II), and 
Asia 1/TUR 15 (As/Sindh 08) and the BTV-4 (SA/BT/4) 
virus were used to evaluate blood serum samples with the 
virus neutralization test (VNT).

Cell cultures and preparation. BHK-21 An31 mono-
layer cell culture was used to detect FMD antibodies, and 
the African green monkey kidney (Vero) cell line was used 
to detect BT antibodies in VNT. Firstly, the medium in the 
cell culture flasks covered with BHK-21 An31 and Vero 
cells was discarded. Following the trypsinization process, 
the flasks were placed in an incubator at 37°C. Glasgow 
Minimum Essential Medium (GMEM) for BHK-21 An31 
and Dulbecco’s Modified Eagle’s Medium (DMEM) for 
Vero cells (Gibco-12491015) containing 10% fetal calf 
serum (FCS) were added to the flasks when the cells were 
separated from the surface of the flask. The cells were then 
homogenized using a pipette and prepared as 6 × 105 cells/ml 
 for BHK-21 An31 and 5 × 105 cells/ml for Vero cells.

Animals and vaccination. A total of 75 six-month-old 
Akkaraman-Kıvırcık crossbred sheep with no vaccination 
history were used as research material. The sheep was 
divided into three experimental groups and one control 

group (Tab. 1). Sheep in the experimental groups were 
vaccinated according to the manufacturer’s recommenda-
tions. In Group 1, 1 ml of the FMD vaccine was adminis-
tered intramuscularly to 20 sheep. In Group 2, 1 ml of the 
BT vaccine was injected subcutaneously into 20 sheep. 
In Group 3, 1 ml of the FMD vaccine was injected intra-
muscularly into hind legs of 20 sheep, and 1 ml of the BT 
vaccine was administered subcutaneously into their front 
legs. In Group 4 (control group), 8 sheep were vaccinated 
intramuscularly with 1 ml of PBS, and 7 sheep were vac-
cinated subcutaneously with 1 ml of PBS.

Blood sampling. Blood samples were taken from the 
sheep three times: before vaccination (day 0) and on the 
30th and 60th days post-vaccination (dpv). Then they were 
centrifuged at 3000 rpm for 10 minutes. The serum sam-
ples obtained by centrifugation were transferred to sterile 
Eppendorf tubes, inactivated at 56°C for 30 minutes, and 
then stored in a deep freezer at –20°C until tests.

The liquid-phase blocking ELISA (LPBE). The liquid-
phase blocking ELISA (LPBE) was used to detect FMD 
antibodies and was prepared in-house by the FMD Institute. 
FMD antibodies were determined using LPBE according to 
Hamblin et al. (12). Briefly, ELISA plates were coated with 
rabbit antibodies against anti-FMDV 146S antigens. In the 
meantime, 1/16 dilutions of test and control sera were added 
to the carrier microplate. The plate was then inoculated with 
FMDV serotypes O, A, and Asia 1. The ELISA and carrier 
plates were incubated overnight at 4°C. On the second day 
of the test, 50 µl of serum/antigen mixture was transferred 
from the carrier microplate to the ELISA microplate after 
washing the ELISA plate. The plates were incubated at 37°C 
with continuous shaking for 1 hour. After washing, 50 µl 
of FMDV serotype-specific guinea pig antibodies against 
anti-FMDV 146S antigens were added and incubated at 
37°C for 1 hour. Then, a  50 µl of the working dilution 
(1 : 2000) of the conjugate (DAKO, P0141) was added to 
the wells and incubated at 37°C for 1 hour. A total of 50 µl 
of chromogen OPD/substrate (H2O2) (o-Phenylenediamine 
dihydrochloride, SIGMA P8412) was added to each well 
and then incubated at room temperature for 15 minutes. 
The reaction was stopped with 1.25 M sulphuric acid, and 
the absorbance was measured at 492 nm with a microplate 
reader (VersaMax, Molecular Devices, USA).

Competitive ELISA (c-ELISA). A commercially avail-
able c-ELISA (Bluetongue Virus VP7 Antibody Test Kit 
(Cat. No. P00450-5; IDEXX Montpellier, France) was used 
for the detection of BT group-specific antibodies. The test 
was performed according to the manufacturer’s instructions. 
Competitive ELISA was used to determine BTV antibody 
titers in accordance with a method reported by the manu-
facturer. According to the test protocol, 80 µl of dilution 
buffer solution was added to each well of the plates. The 

Tab. 1. Experimental design and vaccination groups
Group No Number of animals (n) Vaccine administered

Group 1 20 FMD vaccine

Group 2 20 Bluetongue vaccine

Group 3 20 FMD + Bluetongue vaccine

Group 4 (control) 15 PBS
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wells were filled with 20 µl of two positive and two negative 
control sera. Each well except the control wells received 
20 µl of the serum samples. The plate was then covered 
and incubated at 18-26°C for 45 minutes. After incubation, 
100 µl of the conjugate was added to each well. The plate 
was covered and re-incubated at 18-26°C for 45 minutes. 
After incubation, the plate was emptied and washed three 
times by adding 300 µl of washing solution to each well. 
After washing, 100 µl of the substrate was added to each 
well, and the plates were kept in the dark for 10 minutes. 
Then, 100 µl of stop solution was added to all wells, and 
the absorbance was measured at 450 nm with a microplate 
reader. According to the test protocol, samples with %SN 
(sample/negative control) ≤ 70 were considered BT virus 
antibody-positive.

Determination of infective titers of FMD and BT 
viruses (TCID50/ml). Microtitration was performed accord-
ing to a  method reported by Frey and Liess (1971) for 
determining the titers of FMD and BT viruses that were 
used in VNT. FMD virus titration plates were examined 
under a  tissue culture microscope (Olympus, Japan) and 
evaluated by staining with crystal violet. Virus titers (tissue 
culture infective dose 50-TCID50) were calculated according 
to a method reported by Kearber (1964).

Determination of FMD antibody titers by VNT. VNT 
was used for the determination of FMD antibody titers. First, 
50 µl of GMEM was added to all wells. Then, 50 µl of serum 
samples were placed in the first two wells of the microplate. 
From the first well, 50 µl of the serum sample was trans-
ferred to the following wells, and dilutions of the serums 
ranging from 1 : 4 to 1 : 2048 were prepared. Then, 50 µl 
of 100 TCID50 diluted FMD virus (A/NEP 84, A/TUR 16,  
O/TUR 07, and Asia 1/TUR 15) was added to each well and 
incubated at 37°C in a 5% CO2 chamber for 1 hour. After incu-
bation, 50 µl of BHK-21 cell suspension (6 × 105 cells/ml)  
was added to each well. The microplates were incubated at 
37°C for 72 hours, and the cells were stained with crystal 
violet dye. The titer values were determined by observing 
the cytopathic effect (CPEs) forms in the wells.

Determination of BT antibody titers by VNT. VNT 
was used to determine BT antibody titers. First, 1/5 dilutions 
of serum samples were placed in the wells of microtitra-
tion plates in the first row. After adding DMEM medium 
to all wells, 50 µl of the serum sample from the first well 
was transferred to the following wells, and dilutions of the 
serums ranging from 1 : 5 to 1 : 1280 were prepared. The 
plates were incubated for 1 hour at 37°C in a 5% CO2 cham-
ber. After incubation, 50 µl of Vero (5 × 105) cell suspension 
was added to each well. The microneutralization plates were 
covered and incubated at 37°C in a 5% CO2 chamber. The 
titers were determined by observing the formation of the 
cytopathic effect.

Statistical analyses. The mean antibody titers of the 
groups in which the FMD and BT vaccines were adminis-
tered alone were compared with the FMD and BT antibody 
titers of the group in which the FMD and BT vaccines were 
administered simultaneously at 30 and 60 dpv. The groups 
were compared using the independent sample t-test. Sta-
tistical analyses were conducted using the SPSS statistical 
software (4), and p-value ≤ 0.05 was accepted as statistical 
significance level.

Results and discussion
Titers of FMD and BT viruses. Titer values for 

FMD viruses (A/NEP 84, A/TUR 16, O/TUR 07, and 
Asia 1/TUR 15 strains) ranged from TCID50 10–5.5 to 
10–7.2/0.1 ml, and the BT virus (BTV-4 strain) titer was 
found to be DKID50 10–4.5/0.1 ml.

Evaluation of pre-vaccination blood serum 
samples. Before vaccination, all sheep were negative 
for FMD and BT antibodies.

Liquid phase blocking ELISA (LPBE). The pro-
tective cut-off value was previously determined by the 
potency test of the FMD vaccine. The cut-off value 
for LPBE was determined to be ≥ 1/96 for serotypes  
A/NEP 84, O/TUR 07, and Asia 1/TUR 15. The anti-
body titers of both Group 1 (FMD vaccine administered 
alone) and Group 3 (FMD and BT vaccines adminis-
tered together) were positive (≥ 1/96) at 30 and 60 dpv.

Antibody titers ranged from 1/96 (log10 1.98) to 
1/4096 (log10 3.61), with titers in the control group 
being negative (< 1/96). In Group 1, antibody titers 
against the serotypes of FMDV ranged from 1/96 to 
1/1024 at 30 dpv and from 1/192 to 1/4096 at 60 dpv. 
In Group 3, antibody titers against all FMDV serotypes 
ranged from 1/96 to 1/3096 at 30 dpv and from 1/96 
to 1/4096 at 60 dpv.

In both groups, the highest titer was found for the 
A/NEP 84 strain at 30 dpv, followed by O/TUR 07 
and Asia 1/TUR 15. At 60 dpv, the highest titer was 
determined for A/NEP 84 in both groups. While the 
mean titer of the O/TUR 07 serotype was higher than 
that of the Asia 1/TUR 15 strain in the group vaccinated 
against FMD alone, the Asia 1/TUR 15 titer was higher 
than that of O/TUR 07 in Group 3 at 60 dpv. In both 
groups, the titers at day 60 were found to be higher 
than those at 30 dpv (Fig. 1, Fig. 2).

Comparing the LPBE titers of different vaccination 
groups (Group 1 and Group 3), the mean antibody ti-
ters against FMDV A/NEP 84, O/TUR 07, and Asia 1/  
TUR 15 strains at 30 dpv and the mean antibody titers 
against O/TUR 07 and Asia 1/TUR 15 strains at 60 dpv 
were found to be higher in Group 3 than in Group 1 
(Fig. 1, Fig. 2). This difference between mean antibody 
titer (log10) values in the two groups at 30 and 60 dpv 
was found to be statistically insignificant for all sero-
types (p > 0.05) (Tab. 2).

Competitive ELISA (c-ELISA). In accordance with 
the manufacturer’s instructions, serums with an optical 
density (OD) value of ≤ 70 were considered positive. 
At 30 dpv, 17 (85%) out of 20 sheep in Group 2 (BT 
vaccine alone) and Group 3 (FMD and BT vaccines 
together) were positive, and 3 of them were negative. 
At 60 dpv, 17 (85%) out of 20 sheep were positive, and 
3 were negative in both groups. The mean OD value 
at 30 dpv was 42.81 in Group 2, whereas the mean 
at 60 dpv was 44.69. In Group 3, the mean OD value 
at 30 dpv was 48.24, while at 60 dpv, it was 49.73. 
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Fig. 1. The post-vaccinal arithmetic means of LPBE antibody 
titers against FMD serotypes A/NEP 84, O/TUR 07, Asia 1/
TUR 15 on the 30th Dpv

Fig. 2. The post-vaccinal arithmetic means of LPBE antibody 
titers against FMD serotypes A/NEP 84, O/TUR 07, Asia 1/
TUR 15 for the experiment groups on the 60th Dpv

Fig. 3. Boxplots showing LPBE titers for FMD serotypes A/NEP 84, O/TUR 07, Asia 1/TUR 15. Boxplots show the median 
(horizontal line), interquartile range (box) and range (whiskers). Group sample sizes are shown above each box and individual 
data points are marked as grey vertical dashes. Titres below the detection threshold were given a value of zero
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At 30 and 60 dpv, the mean OD values in Group 2 
(42.81-48.24) were higher than they were in Group 3 
(44.69-49.73) (Fig. 7). This difference between the 
mean antibody titers in the two groups was found to 
be statistically insignificant (p > 0.05) (Tab. 2).

VNT results for FMD. The protective cut-off value 
for serotypes A/NEP 84, A/TUR 16, O/TUR 07, and 

Asia 1/TUR 15 was accepted to be ≥ 1/22. Antibody 
titers in Group 1 and Group 3 were found to be posi-
tive (≥ 1/22) at 30 and 60 dpv. The titers ranged from 
1/22 (log10 1.34) to 1/1445 (log10 3.15), and all animals 
in the control group were negative (< 1/22). Antibody 
titers against all FMDV serotypes ranged from 1/22 to 
1/1445 at 30 and 60 dpv in Group 1. In Group 3, the 
antibody titers of all FMDV serotypes ranged from 
1/22 to 1/1445 at 30 dpv and from 1/45 to 1/1445 at 
60 dpv.

In both groups, at 30 and 60 dpv, the A/NEP 84 and 
A/TUR 16 titers were higher than those of the other 
serotypes, followed by O/TUR/07 and Asia 1/TUR 15. 
VNT titers in Group 3 were higher at 60 dpv than titers 
against all FMDV serotypes at 30 dpv. Furthermore, in 
Group 1, A/NEP 84 and Asia 1 serotype antibody titers 
increased at 60 dpv, while O/TUR 07 serotype titers 
remained the same in both groups at 30 and 60 dpv 
(Fig. 4, Fig. 5).

VNT titer results varied between the two groups. The 
A/NEP 84 titer was found to be equal in both groups, 

Tab. 2. Descriptive statistic and t-test result of the groups

FMD-LPBE Group Arithmetic 
mean

Standart 
deviation p-value

Serotype A/NEP84 
Dpv 30

FMD 2.383 0.300 0.192

FMD+BT 2.538 0.426

Serotype A/NEP 84 
Dpv 60

FMD 2.751 0.399 0.910

FMD+BT 2.736 0.436

Serotype O
Dpv 30

FMD 2.324 0.336 0.678

FMD+BT 2.372 0.379

Serotype O
Dpv 60

FMD 2.409 0.443 0.917

FMD+BT 2.423 0.378

Serotype Asia1
Dpv 30

FMD 2.277 0.266 0.550

FMD+BT 2.333 0.320

Serotype Asia 1
Dpv 60

FMD 2.403 0.470 0.237

FMD+BT 2.576 0.436

FMD-VNT Group Arithmetic 
mean

Standart 
deviation p-value

Serotype A/NEP 84
Dpv 30

FMD 2.423 0.423 0.999

FMD+BT 2.423 0.491

Serotype A/NEP 84
Dpv 60

FMD 2.618 0.435 0.705

FMD+BT 2.664 0.313

Serotype A/TUR16 
Dpv 30

FMD 2.257 0.397 0.706

FMD+BT 2.204 0.477

Serotype A/TUR16 
Dpv 60

FMD 2.167 0.475 0.076

FMD+BT 2.408 0.352

Serotype O
Dpv 30

FMD 2.054 0.347 0.512

FMD+BT 2.105 0.474

Serotype O
Dpv 60

FMD 2.054 0.395 0.714

FMD+BT 2.122 0.297

Serotype Asia 1
Dpv 30

FMD 1.635 0.367 0.839

FMD+BT 1.612 0.349

Serotype Asia 1
Dpv 60

FMD 1.795 0.263 0.167

FMD+BT 1.918 0.289

BT
c-ELISA/VNT Group Arithmetic 

mean
Standart 
deviation p-value

BT c-ELISA
Dpv 30

BT 48.247 19.294 0.805

FMD+BT 49.731 15.301

BT c-ELISA
Dpv 60

BT 42.813 20.039 0.799

FMD+BT 44.696 21.987

BT VNT
Dpv 30

BT 1.737 0.4150 0.691

FMD+BT 1.680 0.458

BT VNT
Dpv 60

BT 1.401 0.337 0.118

FMD+BT 1.577 0.329

Fig. 4. The post-vaccinal arithmetic means of VN anti-
body titers against FMD serotypes A/NEP 84, A/TUR 16,  
O/TUR 07, Asia 1/TUR 15 for the experiment groups at  
30th Dpv

Fig. 5. The post-vaccinal arithmetic means of VN anti-
body titers against FMD serotypes A/NEP 84, A/TUR 16,  
O/TUR 07, Asia 1/TUR 15 for the experiment groups at  
60th Dpv
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Fig. 6. Boxplots showing VN antibody titers for FMD serotypes A/NEP 84, A/TUR 16, O/TUR 07, ASIA 1/TUR 15. Boxplots 
show the median (horizontal line), interquartile range (box) and range (whiskers). Group sample sizes are shown above each box 
and individual data points are marked as grey vertical dashes. Titres below the detection threshold were given a value of zero

and the A/TUR 16 titer was higher in Group 1 at 30 
dpv. Group 3 had higher FMDV O serotype titers than 
Group 1 at 30 dpv. At 60 dpv, VNT titers in Group 3 
were higher than in Group 1 for all serotypes (Fig. 4, 

Fig. 5). This difference between the mean antibody 
titers (log10) in the two groups was statistically insig-
nificant for all FMDV serotypes (p > 0.05) at 30 and 
60 dpv (Tab. 2).
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VNT results for BT. The cut-off value was accepted 
as ≥ 1/7.5. The antibody titers of positive animals in 
Group 2 and Group 3 ranged from 1/7.5 (log10 0.87) to 
1/160 (log10 2.20). At 30 dpv, antibody titers in Group 2 
and Group 3 ranged from 1/10 to 1/160, and at 60 dpv 
the titers ranged 1/7.5 to 1/160.

According to the VNT results, antibody titers of 19 
(95%) out of 20 animals were at or above the cut-off 
value in both Group 2 and Group 3 at 30 dpv. One ani-
mal in each group was found to be negative. At 60 dpv, 
19 (95%) out of 20 animals were found to be positive 
in Group 2, whereas 18 (90%) out of 20 animals were 
positive in Group 3.

The mean antibody titer of Group 2 was higher 
than that of Group 3 at 30 dpv. However, the VNT 
titers in Group 3 were higher than those in Group 2 at 
60 dpv (Fig. 9). This difference in mean antibody titers 
between the two groups was found to be statistically 
insignificant for all FMDV serotypes at 30 and 60 dpv 
(p > 0.05) (Tab. 2).

Statistical analyses. All comparisons revealed sta-
tistically insignificant differences between the groups 
(p > 0.05) (Tab. 2).

FMD is a major concern in the cattle and sheep/
goat breeding industries because it causes significant 
economic losses (approximately $15.6 per animal) 
and remains endemic in Turkey and other countries 
(24, 31). In Turkey, a  monovalent live attenuated 
lyophilized BT vaccine prepared from the BTV-4 
strain is used for the control of BT disease. In order 
to reduce or minimize the incidence of the disease, 
quarantine methods and a regular and strict program 
of vaccination with vaccines specific to the type and 
subtype of the virus circulating in the field should be 
applied. To date, many conventional inactivated and 
attenuated vaccines have been routinely used in vac-
cination campaigns (20, 22). Many programs of vacci-
nation against different pathogens in the field coincide 
within the same period. Simultaneous administration 

of different vaccines saves labor and improves animal  
welfare.

Simultaneous vaccination has been studied and 
implemented to combat animal diseases in Turkey 
and other countries (1, 3, 5, 13, 18, 21, 33, 34). This 
research was conducted to determine the level of 
immunity to FMD and BT after the simultaneous ad-
ministration of an inactivated FMD vaccine and a live 
attenuated BT vaccine, which must be administered 
annually in vaccination programs in Turkey.

Fig. 7. The post-vaccinal competetive ELISA (c-ELISA) OD 
titers against serotype BTV-4 on the 30th and 60th Dpv

Fig. 8. Boxplots showing c-ELISA OD value. Boxplots show the median (horizontal line), interquartile range (box) and range 
(whiskers). Group sample sizes are shown above each box and individual data points are marked as grey vertical dashes. 
Titres below the detection threshold were given a value of zero

Fig. 9. The post-vaccinal arithmetic means of VN antibody 
titers against serotype BTV-4 on the 30th and 60th Dpv
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In this study, FMD antibody titer values in both 
LPBE and VNT (LPBE: 1 : 96-log10 1.98; VNT:  
1 : 22-log10 1.34) obtained in Group 1 and Group 3 were 
found to be consistent with titer values (log10 TCID50 
1.20 and 1.04 against serotypes A and O, respectively) 
reported by other researchers (6, 11, 30).

As reported in other studies (14, 17, 23, 26) that 
used a high antigen content and oil adjuvants in FMD 
vaccines, FMD antibody titers were higher at 60 dpv 
than they were at 30 dpv in both groups, as determined 
by LPBE, and in the group vaccinated simultane-
ously, as determined by VNT. In addition, in both 
groups, the parallel increase in FMD antibody titers  
at 30 and 60 dpv across all serotypes indicates that the 
BT vaccine had no negative effect on FMD antibody 
titers.

In both LPBE and VNT, the highest antibody titers 
were found for A serotypes (A/NEP 84 and A/TUR 16) 
in both groups, while other serotypes showed variabil-
ity within the groups. Lombard (19), in a study inves-
tigating the efficacy of FMD vaccines, reported that 
the difference in antibody response between serotypes 
was due to varying amounts of antigen, and emphasized 
that the immunological potency of each serotype is 
different (7). In this study, it has been concluded that 
the reason for the different antibody responses of the 
serotypes is related to the use of different amounts of 
antigen in the FMD vaccine and the varying immuno-
logical potencies of the serotypes, as suggested by the 
researchers (7, 19).

The European Medicines Agency (EMA) (8) has 
reported that concomitant administration of two or 
more vaccines may result in an increase or decrease 
in immunogenicity compared to a single vaccine. In 
this study, at 30 dpv in LPBE and at 60 dpv in VNT, 
the titers of the A/NEP/84, A/TUR/16, O/TUR/07, and 
Asia 1/TUR/15 serotypes of FMD in the group vacci-
nated simultaneously against FMD and BT (Group 3) 
were higher than those in the group vaccinated against 
FMD alone (Group 1).

Hedger et al. (15) and Gullemin et al. (10) admin-
istered inactivated FMD and attenuated rinderpest 
vaccine simultaneously and separately to cattle. It was 
reported that antibody titers in the group vaccinated 
simultaneously were comparable with titers in the 
group in which the vaccines were administered alone.

Trotta et al. (34) used inactivated FMD and attenu-
ated live anthrax vaccines simultaneously in cattle. 
According to the results of that study, total antibody 
response to the O1 Campos strain was higher in the 
group vaccinated simultaneously. In another study, 
Çokçalışkan et al. (5) administered inactivated FMD 
and attenuated live anthrax vaccines simultaneously 
to sheep. In the group vaccinated simultaneously, 
FMD titers were significantly higher than they were 
in the group vaccinated against FMD alone at 7 dpv 
(5). Trotta et al. (34) commented that the cause of the 
increase in FMD antibodies was a cytokine increase 
due to the live anthrax vaccine.

In this study, the group in which the FMD vaccine 
was administered alone (Group 1) and the group in 
which the FMD and BT vaccines were adminis-
tered together (Group 3) were compared in terms of 
FMD antibody titers. At 30 dpv in LPBE and at 60 
dpv in VNT, the titers of the A/NEP/84, A/TUR/16,  
O/TUR/07, and Asia 1/TUR/15 serotypes in group vac-
cinated simultaneously were higher than those in the 
group vaccinated against FMD alone. In this study, it 
was found that FMD antibody titers were higher in the 
group in which FMD and BT vaccines were adminis-
tered together. This result was interpreted as the live 
attenuated BT vaccine potentially eliciting a stronger 
immune response by stimulating cellular immunity, as 
suggested by other researchers (5, 34).

The differences between FMD antibody titers for the 
groups vaccinated against FMD alone and against both 
FMD and BT together were found to be statistically 
insignificant (p > 0.05). As reported in other studies 
(1, 2, 5, 13, 15), in which FMD antibody titers did not 
decrease when an FMD vaccine was administered with 

Fig. 10. Boxplots showing VNT titers for BTV-4 serotype. Boxplots show the median (horizontal line), interquartile range 
(box) and range (whiskers). Group sample sizes are shown above each box and individual data points are marked as grey 
vertical dashes. Titres below the detection threshold were given a value of zero
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other vaccines, in this study as well there was no loss 
in the FMD antibody titer when the FMD vaccine was 
administered together with the BT vaccine.

It has been reported that each serotype of BTV 
produced a  different immunological response after 
the vaccination of sheep against BT (16). In a study 
by Savini et al. (31), 36 out of 44 animals vaccinated 
with bivalent attenuated BT vaccine containing BTV-2 
and BTV-9 serotypes developed neutralizing antibod-
ies against both serotypes, whereas neutralizing anti-
body response did not occur in 4 sheep. In our study,  
c-ELISA results showed that 17 (85%) out of 20 sheep 
vaccinated against BT alone (Group 2) and against 
FMD and BT together (Group 3) were positive at 30 
and 60 dpv, while three were negative. VNT results 
showed that in both groups, 19 (95%) out of 20 sheep 
were positive at 30 and 60 dpv. In Group 2, 19 (95%) 
of the 20 sheep were positive for BT antibodies, while 
in Group 3, 18 (90%) of the 20 sheep were positive 
for BT antibodies. Individual immune responses can 
explain negative results in some animals, as reported 
by other researchers (31).

In a  study conducted by Zhugunissov et al. (36) 
to determine the duration of the protective immune 
response after a  single vaccination against BTV-4 
and BTV-16 serotypes in sheep, antibody titers after 
vaccination were evaluated by serum neutralization 
(SNT) and c-ELISA tests. The researchers reported 
that the neutralizing antibody titers (log10) ranged from 
1.1 to 1.25 in all animals 1 week after vaccination, 
while the highest antibody titers (4.0-4.8 log2) were 
noted 4 weeks after vaccination. In our study, BT 
antibody titers at 30 dpv (log10 1.73-1.40) and 60 dpv 
(log10 1.68-1.57) in Group 2 and Group 3 were similar 
to those reported by other researchers (36). In group 
comparisons for BT antibody titers at 30 and 60 dpv, 
antibody titers were higher with the c-ELISA test in 
Group 2. According to VNT, BT antibody titers were 
higher in Group 2 at 30 dpv, whereas at 60 dpv, BT 
titers were higher in Group 3.

Differences between BT antibody titers for the group 
vaccinated against BT alone and the group vaccinated 
against FMD and BT together were found to be statisti-
cally insignificant (p > 0.05). Since the difference in 
BT titers between the groups (Group 2 and Group 3) 
was statistically insignificant, it was concluded that 
the FMD vaccine did not have a negative effect on the 
level of BT antibodies.

In conclusion, when administered concurrently to 
sheep, the inactivated FMD and live attenuated BT 
vaccines did not inhibit the humoral immune response 
to either vaccine. The antibody values in the groups 
were found to be comparable, which suggests that the 
two vaccines could be safely administered together in 
sheep. The data obtained from this research will be use-
ful for overcoming problems, such as economic losses 
and reduced animal welfare, arising from vaccinations 

at different times, especially in endemic regions where 
FMD vaccination campaigns are mandatory.

References
  1.	Castaneda J., Espinoza M., Bernel C., Jimenez J., Aguirre L.: Simultaneous 

vaccination of cattle with against foot and mouth disease and stomatitis live 
virus vaccines. Dev. Biol. Stand. 1976, 35, 429-436.

  2.	Chhabra R., Sharma R., Kakker N. K.: Comparative immunogenecity of foot 
and mouth disease virus antigens in FMD-haemorrhagic septicaemia combined 
vaccine and FMD vaccine alone in buffalo calves. Indian J. Exp. Biol. 2004, 
42, 259-264.

  3.	Clercq K. de, Koenen F., Strobbe R., Debecq J.: Simultaneous vaccination 
of piglets against foot-and-mouth disease and classical swine fever. Vet. 
Microbiol. 1989, 20, 215-221.

  4.	Colman A., Pulford B.: A crash course in SPSS for windows: updated for 
versions 10, 11, 12 and 13. Blackwell Publishers, Inc. 2006.

  5.	Çokçalışkan C., Göktuna P. T., Türkoğlu T., Uzunlu E., Gündüzalp C., Uzun 
E. A., Gülyaz V.: Effect of simultaneous administration of foot-and-mouth 
disease (FMD) and anthrax vaccines on antibody response to FMD in sheep. 
Clin. Exp.Vaccine Res. 2019, 8, 103-109.

  6.	Çokçalışkan C., Türkoğlu T., Sareyyüpoğlu B., Uzunlu E., Babak A., Özbilge 
B. B., Gülyaz V.: Qs-21 enhances the early antibody response to oil adjuvant 
foot and mouth disease vaccine in cattle. Clin. Exp. Vaccine Res. 2016, 5, 
138-147.

  7.	Doel T. R.: FMD vaccines. Virus Res. 2003, 91, 81-99.
  8.	European Medicines Agency (EMA): Guideline on the requirements for 

combined vaccines and associations of immunological veterinary medicinal 
products (IVMPs). European Medicines Agency. London 2013, p. 1-12.

  9.	Gerbier G., Hendrikx P., Roger F., Zientara S., Biteau-Coroller F., Grillet C., 
Albina E.: Bluetongue control using vaccines: experience of the Mediterranean 
islands. Vet. Ital. 2004, 40, 611-615.

10.	Guillemin F., Mosienyane M., Richard T., Mannathoko M.: Immune response 
and challenge of cattle vaccinated simultaneously against rinderpest and foot-
and-mouth disease. Rev. Elev. Med. Pays Trop. 1987, 40, 225-229.

11.	Gülyaz V., Saraç F., Çokçalışkan C., Satır E., Sareyyüpoğlu B., Arslan A., 
Uzar S., Karakaya M., Kara O., Öztap G.: Determination of the effect of 
ecthyma vaccine virus on immunity against the foot and mouth disease (FMD) 
vaccine in sheep. J. Anim. Health Prod. 2020, 8, 19-26.

12.	Hamblin C., Barnett I. T. R., Hedger R. S.: A new enzyme-linked immuno-
sorbent assay (ELISA) for the detection of antibodies against foot-and-mouth 
disease virus. I. Development and method of ELISA. J. Immunol. Methods. 
1986, 93, 115-121.

13.	Hancı I., Gürcan I. S., Sonmez A.: The effect of simultaneous application of 
brucella and FMD vaccines on antibody level in cattle and sheep. Etlik Vet. 
Mikrobiyol. Derg. 2016, 27, 27-37.

14.	Hassan A. H., El-Sinosy Y. A., Abdel Mageid A. D., Agoor A. A., Mahmoud 
A. E.: Study of humoral and cellular immune response in FMD vaccinated 
sheep with different inactivated FMD vaccines. Egypt. J. Agric. Res. 2018, 
96, 667-684.

15.	Hedger R. S., Taylor W. P., Barnett I. T., Riek R., Harpham D.: Simultaneous 
vaccination of cattle against foot-and-mouth disease and rinderpest. Trop. 
Anim. Health Prod. 1986, 18, 21-25.

16.	Howell P. G.: The antigenic classification of strains of bluetongue virus, their 
significance and use in prophylactic immunization. Phd thesis, Vet. Res. Inst. 
1969.

17.	Hunter P.: The performance of southern African territories serotypes of foot 
and mouth disease antigen in oil-adjuvanted vaccines. Rev. Sci. Tech. 1996, 
15, 913-922.

18.	Joseph P. G., Hedger R. S.: Serological response of cattle to simultaneous 
vaccinations against foot-and-mouth disease and haemorrhagic septicaemia. 
Vet. Rec. 1984, 114, 494-496.

19.	Lombard M. F.: In the FAO/OIE global conference on foot and mouth disease 
control: vaccine use for foot and mouth disease control 2019.

20.	Lubroth J., Rweyemamu M. M., Viljoen G., Diallo A., Dungu B., Amanfu W.: 
Veterinary vaccines and their use in developing countries. Rev. Sci. Tech. 
2007, 26, 179-201.

21.	Mansoor M. K., Al-Rawahi A. H., El-Tahir H. A., Al-Faraei B., Hussain M. H., 
Asi M. N., Sabar S.: Concurrent vaccination of goats with foot and mouth 
disease (FMD) and peste des petits ruminants (PPR) booster vaccines. Trop. 
Anim. Health Prod. 2018, 50, 1-3.



Med. Weter. 2023, 79 (10), 510-519 519

22.	Meeusen E. N., Walker J., Peters A., Pastoret P. P., Jungersen G.: Current 
status of veterinary vaccines. Clin. Microbiol. Rev. 2007, 20, 489-510.

23.	Nair S. P., Sen A. K.: A comparative study of the immune responses of sheep 
against foot-and-mouth disease virus types Asia-1 and O PEG-concentrated 
aluminium hydroxide gel and oil-adjuvanted vaccines. Vaccine 1993, 11, 
782-786.

24.	Niedbalski W., Fitzner A., Kęsy A.: Foot-and mouth disease and peste des petits 
ruminants – the role of wildlife in the epidemiology and control of diseases. 
Med. Weter. 2023, 79 (3), 111-116.

25.	Öztürk N., Koçak O., Vosough Ahmadi B.: Economic analysis of increasing 
foot-and-mouth disease vaccination frequency: the case of the biannual mass 
vaccination strategy. Front. Vet. Sci. 2020, 7.

26.	Patil P. K., Bayry J., Ramakrishna C., Hugar B., Misra L. D., Prabhudas K., 
Natarajan C.: Immune responses of sheep to quadrivalent double emulsion 
foot-and-mouth disease vaccines: rate of development of immunity and varia-
tions among other ruminants. J. Clin. Mic. 2002, 40, 4367-4371.

27.	Paton D. J., Valarcher J., Bergmann I., Matlho O. G., Zakharov V. M., Palma 
E. L., Thomson G. R.: Selection of foot and mouth disease vaccine strains – 
a review. Rev. Sci. Tech. 2005, 24, 981.

28.	Roy P.: Bluetongue viruses. Desk encyclopedia of animal and bacterial virol-
ogy. Ed., BWJ Mahy, MHV Van Regenmortel, UK, Acedemic Press 2008, 
p. 43-50.

29.	Saif L. J.: Reoviridae, [in:] MacLachlan N. J., Dubovi E. J. (eds): Fenner’s 
Veterinary Virology. 4th ed., Elsevier Science Publishers, London 2011.

30.	Sareyyüpoğlu B., Gülyaz V., Çokçalışkan C., Ünal Y., Çökülgen T., Uzunlu E., 
Gürcan S., İlk O.: Effect of FMD vaccination schedule of dams on the level 
and duration of maternally derived antibodies. Vet. Immunol. Immunopathol. 
2019, 217, 1-9.

31.	Savini G., Monaco F., Conte A., Migliaccio P., Casaccia C., Salucci S., Di 
Ventura M.: Virological and serological response of sheep following field 
vaccination with bivalent modified-live vaccine against bluetongue virus 
serotypes 2 and 9. Vet. Ital. 2004, 40, 631.

32.	Sobrino F., Saiz M., Jimenez-Clavero M., Nunez J. I., Rosas M. F., 
Baranowski E., Ley V.: Foot-and-mouth disease virus: a long known virus, 
but a current threat. Vet. Res. 2001, 32, 1-30.

33.	Srinivasan V. A., Reddy G. S., Rao K. A., Kihm U.: Serological response of 
bovines to combined vaccine containing foot and mouth disease virus, rabies 
virus, Pasteurella multocida and Clostridium chauvoei antigens. Vet. Arhiv. 
2001, 71, 37-46.

34.	Trotta M., Lahore J., Cardoso N., Melucci O., Catena M., Perez-Filgueira M., 
Fernandez F., Capozzo A. V.: Simultaneous immunization of cattle with foot-
and-mouth disease (FMD) and live anthrax vaccines do not interfere with FMD 
booster responses. Trials Vaccinol. 2015, 4, 38-42.

35.	Yang H., Gu W., Li Z., Zhang L., Liao D., Song J., Baoxin S., Hasimu J., Li Z., 
Yang Z., Zhong., Li H.: Novel putative bluetongue virus serotype 29 isolated 
from inapparently infected goat in Xinjiang of China. Transbound. Emerg. 
Dis. 2021, 68 (4), 2543-2555.

36.	Zhugunissov K., Yershebulov Z., Barakbayev K., Bulatov Y., Taranov D., 
Amanova Z., Abduraimov Y.: Duration of protective immunity after a single 
vaccination with a  live attenuated bivalent bluetongue vaccine. Vet. Res. 
Commun. 2015, 39, 203-210.

Corresponding author: Veli Gülyaz, Prof. Dr. DVM, Harran University, 
Faculty of Veterinary Medicine, Department of Virology, Akçakale Caddesi 
Eyyübiye Yerleşkesi 255 AN, 63200 Eyyübiye/Şanlıurfa, Türkiye; e-mail: 
veli.gulyaz@harran.edu.tr, veligulyaz@yahoo.co.uk


