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Abstract | Foot and Mouth Disease (FMD) is highly contagious viral disease of cloven-hoofed animals with huge
economic losses because of significant decrease of yield. One of the most basic methods in the fight against FMD is
vaccination in many countries. Trivalent or tetravalent inactivated FMD vaccines are used in the fight against FMD
extensively. Although, FMD vaccine potency mainly depends on FMD antigen amounts in the vaccine composition
as micrograms, it has been required to increase immunity against inactivated FIMD vaccines with some immunomod-
ulators or immunostimulants like some bacterial or viral antigens. Therefore, this project was designed to investigate
the immune-stimulating effect of ecthyma virus in sheep when it was applied together with FMD vaccine either in
same formulation or simultaneous injections at different sites of the body. Level of immunity was measured by virus
neutralization test (VNT) and liquid phase blocking ELISA (LPBE). According to our results, the highest antibody
titers of virus neutralization (VN) and LPB-ELISA were obtained by single administration of FMD vaccine, followed
by simultaneous and combined administrations respectively at both day 30 and 60. However, this difference was sta-
tistically non significant (p < 0.05). Thus, it could be concluded that the use of ecthyma virus as an immune stimulant
did not cause an increase in antibody level against FIMD virus.
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INTRODUCTION

result in some cases especially in calves. Mortality from a
multifocal myocarditis is most commonly seen in young
animals, myositis may also occur in other sites. Routine
vaccination against FMD is used in many endemic coun-
tries or the disease free areas in which the absence of in-
fection was provided by vaccination (San Segundo et al.,
2017).In contrast, a number of disease-free countries have
never vaccinated their livestock, but have preferred the use
of strict movement controls and culling of infected and
contact animals when outbreaks have occurred. The vac-

:F‘oot and mouth disease (FMD) is caused by a virus of
the genus Aphthovirus, family Picornaviridae. There
are seven serotypes of FMD virus (FMDV), namely O,
A, C, SAT1, SAT2, SAT3, and Asia 1 that infect clo-
ven-hoofed animals. The virus has a diameter of 26 nm
and contains a nonenveloped single-stranded ribonucleic
acid (RNA) genome and has icosahedral symmetry. It has

a protein-structured capsule and a positive polarity of ap-

proximately 8.4 kb (OIE 2018). Infection with any one
serotype does not confer immunity against another. Many
strains can be identified by biochemical and immunologi-
cal tests within serotypes. The signs can range from a mild
or inapparent infection to one that is severe. Death may

cines are formulated for their specific purpose both alu-
minium hydroxide, saponin and oil adjuvant vaccines have
been used. The immunogenicity of FMD vaccines varies
according to the amount of micrograms of the virus an-
tigen and types introduced into the vaccines, but the ef-
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fects of the adjuvant types are also important. Moreover,
the addition of immunostimulatory antigenic proteins into
the vaccines causes a high humoral and cellular immune
response to the vaccine used. Vaccines with 6 and 10PD,
(50% protective dose) protection values in sheep, goats and
cattle are used to obtain immunity against FMD by many
countries such as in Asia, Middle East, Africa, including
Turkey (Hussain et al., 2017; Khorasani et al., 2016; Lyons
et al., 2017; Sareyyiipoglu et al., 2019).

Contagious ecthyma (CE) is a zoonotic infectious disease
primarily of domestic sheep and goats which is caused by
contagious ecthyma virus (CEV) which has a close mor-
phological, immunological and genomic relationship with
the Parapoxviruses of cattle (Chan et al. 2017; Zeedan et
al. 2015). The disease is commonly termed as ORF, conta-
gious pustular dermatitis, scabby mouth and sore mouth
(McKeever et al., 1988; Robinson ve Balassu, 1981). In
flocks that have never had soremouth, nearly all exposed
animals will develop the disease. The virus is transmitted
to susceptible animals and human via the direct contact
(Demiraslan et al, 2017; Nashirudddullah et al., 2016). The
virus penetrates through small abrasions in the skin. Even
very minor damage to the skin may allow the virus to enter.
Abrasions caused by forage are usually adequate for infec-
tion to occur. Carrier or chronically-infected animals may
also serve as reservoirs for infection (Al Saad et al., 2017;

Rafii and Burger, 1985).

It has long been known that an inactive ORF virus strain
displays immunomodulatory properties in various animal
species (Weber et al., 2007). There are even commercial
preparations (such as Baypamun-Bayer) made with this
agent and used in animal health for many years. The agents
included in the Baypamun patent are avipox virus HP-1,
parapox virus, ORF D1 701, vaccinia virus MVA, canary-
pox virus KP-1.It is possible to use these agents for therapy
of various diseases including infections and cancers, and
as an adjuvant in a wide range of areas (Hirth-Dietrich
et al., 2003). Similarly, in this study, we tried to increase
the level of immunity against the FMD vaccine by using
immunomodulatory feature of inactive ecthyma virus. For
this purpose, trial was conducted to clarify simultaneous
and combined vaccination of FMD with ecthyma vaccine
on immune response of sheep.

MATERIALS AND METHODS

VACCINES

Inactive ecthyma vaccine virus E(P)CK,, with a titer of
at least TCID, 10°°/ml was obtained from Pendik Vet-
erinary Control Institute, Turkey. Trivalent FMD vaccine
containing A-TUR-14, O-TUR-14 and Asial (Asia-1
TUR-14) strains with 6PD,, was obtained from Ankara

FMD Institute, Turkey.

'The vaccine formulation of (FMD+ecthyma) was prepared
at the Ankara FMD Institute. To form a double oil emul-
sion (WOW), after with sterile filtration using 0.45 and
0.2 pm cellulose acetate filter, adjuvant (Montanide ISA
206 BVG) and antigens were formulated in a volume of
54% and 46%, respectively. They were separately heated to
30°C to make the formulation. Once the antigen and ad-
juvant reached to the 30°C, the antigen was added into
the adjuvant. The emulsion was monitored by adjusting the
mixer speed, and the amount dispensed during this pro-
cess. At the end of the dispensing process, rapid mixing
was initiated to complete the emulsion. Then, the emul-
sion was completed and allowed to cool to 4°C. Sterility,
harmlessness, pH, viscosity, conductivity, and drop tests
were performed on the sample (Cokcaligkan et al., 2016;
OIE, 2018).

CreLL CULTURE
BHK—21—AN30 cell culture was used for VNT to deter-
mine antibody titers against FMDV in animals vaccinated

with (FMD-+ecthyma) vaccines.

PosITIVE AND NEGATIVE CONTROL SERA
They were prepared against FMD virus types in Ankara
FMD Institute Vaccine Control Laboratory, Turkey.

CoMmBINED VACCINE (FMD+ECTHYMA)

A total of 25 ml ecthyma virus suspension was mixed with
21 ml of inactive FMD O, A and Asia 1 virus strains at 8
pg (146S: 50 pg / ml) and 5 pg (146S: 50 pg / ml) and 4
pg (146S: 25 pg / ml) respectively in per dose of vaccine in
sterile conditions. Then, 54 ml adjuvant (Montanide ISA
206 BVG/Seppic-Fransa) was sterilized through with 0,2
p filter. To provide a stable emulsion (total volume of %54
adjuvant and %46 antigen), 54 ml oil adjuvant and 46 ml
virus suspension (FMD+ecthyma) was warmed up to 30
°C in an incubator with in separate containers. The virus
suspension was added to the stirred oil adjuvant at 600-700
rpm as 5 ml /per min. in the laminar cabinet. The whole
suspension of the virus was added to the adjuvant in the
mixture, the speed of the stirrer was increased up to 1000-
1200 rpm. The W / O / W vaccine emulsion obtained at
the end of the process was divided in to the vaccine bottles
and stored at +4 °C until use.

ANIMALS AND VACCINATION ROUTE

'The permission (Decision no: 16/2014) for animal use was
obtained from the ethics committee of experimental an-
imals of Pendik Veterinary Control Institute. A total of
35 FMDV-seronegative merino sheep aged 6-12 months
were used. Sheep were divided into 4 groups (Table 1).
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Group 1: Trivalent FMD vaccine was administered as 1 ml
via intramuscular route to 10 sheep.

Group 2: Ten sheep were vaccinated by intramuscular
route with 1 ml trivalent FMD vaccine at the neck area si-
multaneously by 1 ml subcutaneous route ecthyma vaccine
at the anterior leg.

Group 3: One ml of the combined FMD+ecthyma vaccine
suspension was injected to 10 sheep intramuscularly.
Group 4: As negative control, 1 ml PBS was were injected
intramuscularly to the 5 sheep at the neck and subcutane-
ously to the 5 sheep. All vaccinated sheep were monitored
for 30 days for body temperature, local temperature, le-
sions, appetite.

Table 1: Groups and number of animals

Groups Number of
animals (n)

Group-1 FMD vaccine 10

Group-2 (FMD+ ecthyma) vaccine 10

simultaneously

Group-3 (FMD + ecthyma) vaccines 10

combined

Group-4 Negative control 5

FMD: Foot and Mouth Disease

COLLECTION OF SAMPLES

On the 30th days after vaccination, blood samples were
collected and sera were stored at -20°C until tests were
performed.

NSP (NoN-sTRUCTURAL PrROTEINS) ELISA

The level of anti-NSP antibodies in animals were deter-
mined as recommended by the manufacturer of kit (Pri-
ocheck FMDV NS, the Netherlands) (Serensen et al.,
1998).

Virus NEUTRALIZATION TEST (VNT)

Antibody titer levels of FMD viruses were determined by
VNT. Micro VNT was performed acording to the OIE,
(2018). Glasgow-MEM containing 50 pl of fetal calf se-
rum (FBS) were placed in all wells of a 96-well plate. 50 pl
of the blood serum of each yearling was placed in the first
four wells of the plate,and 50 pl of the first wells were trans-
ferred to the lower wells to make the two-fold dilutions of
the serum. FMD virus strains in 50 pl of 100 TCID,  were
added to two-fold dilution of the serum samples in the
wells and let to neutralize for one hour at 37°C. At the end
of the incubation period, 50 pl of BHK21 cell culture was
added to all wells and incubated in 5% CO, medium for
72 hours at 37°C. Cells were checked daily for CPE and
evaluated by staining with crystal violet.

Liquib PHAsE BLockiNnG ELISA (LPBE)

To determine immunity level of animals against FIMD

after vaccinations, LPBE was performed according to the
method of Hamblin et al. (1986). Briefly, ELISA plates
were coated with rabbit antibody (against anti-FMDV
146S antigens). Meanwhile, test and control sera were
added to the carrier microplate. Then working dilution of
FMDV type O, type A, and type Asial were added. The
carrier and ELISA plates were incubated at 4°C. On the
second day of the test, following washing of ELISA plate,
mixture of serum/antigen was transferred from the carrier
microplate to the ELISA microplate. Then, the plates were
incubated at 37°C for 1 hour. After washing, 50 pl anti-
FMDV type specific guinea pig antibodies were added and
incubated at 37°C for 1 hour. Then 50 pl working dilution
of the conjugate was added to the wells and incubated in a
37°C for 1 hour. Then, chromogen OPD/Substrate (H,0,)
was added to each well, and incubated at room tempera-
ture for 15 minutes. Finally, 50 ul 1.25 M sulphuric acid
was added to the wells. The absorbance was read by the
microplate reader (Versamax, Moleculer Devices, USA) at

492 nm.

STATISTICAL ANALYSIS

All data were analyzed with Shapiro-Wilk and Levene
Statistical tests. According to these two statistical results,
Kruskal Wallis test was performed to detect the differences
of antibody titers between the groups that vaccinated
with single FMD, FMD+echtyma as simultaneously and
FMD+echtyma combined on the 30th and 60th days. The
statistical results were evaluated on the 95% confidence
interval. SPSS 22.0 (Inc., Chicago II, USA) software was

used.

RESULTS

VN TEsT

According to the average of VN test results in sheep after
vaccination on the 30* day of study; the mean antibody
titer values in all 3 groups against serotype O were found
to be 1:29, 1:19 and 1:24 in groups 1, 2 and 3, respectively
(Figure 1a). For the serotype A, only titer value was found
to be 1:49 in the first group receiving FMD vaccine, while
the mean titer was 1:51 in the second group where FMD
and ecthyma vaccines were simultaneously administered;
and 1:27 in the third group where both vaccines were com-
bined (Figure 1b). The antibody titers against Asial sero-
type were found as 1:112,1:69 and 1:50 in sera of vaccinat-
ed animals of all 3 groups respectively (Figure 1c).

LPBE TEsT

According to the mean LPBE test results in blood sera
taken on the 30" day after the vaccination, the titer value
of antibody levels against serotype O was found to be 1:99
only vaccinated with FMD, 1:63 in vaccinated with FMD

and ecthyma vaccines simultaneously, and 1:14 in given
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Table 2: The comparison of antibody titers differences between three groups vaccinated with ecthyma and FMD on 30*

days.

FMD Se-
rotypes™*

FMD
O-TUR-14

FMD
A-TUR-14

FMD
Asia-1
TUR-14

Vaccinations

FMD O-TUR-14
FMD O-TUR-14

+ Ecthyma simulta-
neously

FMD O-TUR-14+
Ecthyma combine

FMD A-TUR-14

FMD A-TUR-14
+ Ecthyma simulta-
neously

FMD A-TUR-14+
Ecthyma combine
FMD Asia -1
TUR-14

FMD Asia
-1TUR-14+ Ecthy-
ma simultaneously
FMD Asia-1
TUR-14+ Ecthyma

combine

Antibody titers detection methods*

VNT
Animal Mean
Num-  Value
ber (n)
6
6

26.5
6

43.33
6
6 71.89
6
6

Std.
Devia-
tion™

33.03

40.44

71.76

Mean
Rank

10.42

9.58

8.50

9.83

9.67

9.00

12.42

9.17

6.92

LPB ELISA
P Animal Mean
value Num-  Value
ber (n)
6 54.22
6
0.82
0.96 ¢ 94.28
6
019 6
138.17
6
6

*LPB ELISA: Liquid Phase Blocking-ELISA; VNT: Virus Neutralization Test
**Std. Deviation: Standard Deviation
EMD: Foot and Mouth Disease

Std.

Deviation

73.73

96.23

109.85

Mean
Rank

11.33
10.58

6.58
10.83

10.42

7.25

11.00

9.92

7.58

value

0.20

0.42

0.5

Table 3: The comparison of antibody titers differences between three groups vaccinated with ecthyma and FMD on 60*

days.
Antibody titers detection methods*
VNT LPB ELISA
FMD Se-  Vaccinations Animal Mean Std.De- Mean P Animal Mean Std.De- Mean p
rotypes™* Num-  Value viation™ Rank value Num- Value viation Rank value
ber (n) ber (n)
FMD O-TUR-14 6 10.83 6 79.72  56.57 12.00 0.173
FMD O-TUR-14 6 10.92
+ Ecthyma simulta- 10.08 6
FMD neously 51.55 36.09 0.89
OTURL4 oV D O-TUR-14+ 6 8.70
Ecthyma combine 7.25
FMD A-TUR-14 10.25 11.25 0.213
FMD A-TUR-14 10.01
FMD + Ecthyma simulta- 9122 64.52 10.77
A-TUR-14 neously 0.75 123.78 82.35
FMD A-TUR-14+ 6 9.17 6
Ecthyma combine 7.58
January 2020 | Volume 8 | Issue 1 | Page 22 w3



OPENaACCESS

Journal of Animal Health and Production

FMD Asia -1 6 125.1 104.18 12.25 0.133 6 11.33
TUR-14
FMD FMD Asia 6 9.92 156.44 70.18
Asia-1 -1TUR-14+ Ecthy- 6 1058 036
TUR-14 ma simultaneously
FMD Asia-1 6 7.33 6 8.87
TUR-14+ Ecthyma
combine
*LPB ELISA: Liquid Phase Blocking-ELISA; VNT: Virus Neutralization Test
*Std. Deviation: Standard Deviation
#*FMD: Foot and Mouth Disease
Type O Type O
120 250
100 200
80
150
60
. W Type O 100 . mType O
20 50
il . D N B
FMD+Ecthyma FMD+Ecthyma FMD+Ecthyma FMD+E::‘thvma
Simultaneous Combined Simultaneous Combined

Figure la: Virus neutralization antibody titers against
FMD (foot and mouth disease) virus type O.

Type A
120
100
80
60
uType A

40

N -
0

FMD+Ecthyma FMD+Ecthyma
Simultaneous Combined

Figure 2a: Liquid phase blocking-ELISA antibody titers
against FMD (foot and mouth disease) virus type O.

Type A
250
200
150
100 o Type A
50
D I
FMD+Ecthyma FMD+Ecthyma
Simultaneous Combined

Figure 1b: Virus neutralization antibody titers against
FMD (foot and mouth disease) virus type A.

Figure 2b: Liquid phase Bbocking-ELISA antibody titers
against FMD (foot and mouth disease) virus type A.

Type Asia
120
100
80
60
W Type Asia

40
20
0

FMD+Ecthyma FMD+Ecthyma

Simultaneous Combined

Figure 1c: Virus neutralization antibody titers against

FMD (foot and mouth disease) virus type Asia 1.

Type Asia
250
200
150
100 H Type Asia
) .
0
FMD+Ecthyma FMD+Ecthyma

Simultaneous Combined

Figure 2c: Liquid phase blocking-ELISA antibody titers
against FMD (foot and mouth disease) virus type Asia 1.
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combined vaccine (Figure 2a). For type A, the group vac-
cinated with only the FMD vaccine showed a titer of
1:147 and mean titer was determined as 1:112 in group
of simultaneous FMD and ecthyma vaccines, and 1:47 in
vaccinated with both vaccines combined (Figure 2b). In
the serotype Asial, only the FMD vaccine group showed a
titer of 1:192, while the mean titer was 1:170 in the case of
simultaneous FMD and ecthyma vaccines and 1:77 in the
combined vaccine (Figure 2c).

STATISTICAL ANALYSIS

The higher antibody levels were detected in sheep with
the single FMD vaccinated group compared with the oth-
er two groups. Antibody titers in sheep with the simul-
taneous vaccinated group were numerically decreased as
compared to the single FMD vaccinated group. Although
statistically differences were not found in the antibody ti-
ters in sheep vaccinated with simultaneously or combined

group as compared to the single FIMD vaccinated group on
day 30 as well as 60 (p >0.05), (Table 2 and Table 3).

DISCUSSION

Vaccination plays a very important role in the protection of
animals against FMD. The low immunity level of available
FMD vaccines and the short duration of this immunity
led researchers to try new vaccines production. Although
many studies have been studied on this area, unfortunately
the results any of them have not been implemented. How-
ever, several studies have shown that the strength and du-
ration of immunity can be increased by adding a number
of immunomodulators without altering the vaccine formu-
lation (Xiao et al., 2007; Cokealiskan et al., 2016). Besides,
different vaccines can be administered simultaneously at
different body regions or within the same injector/formu-
lation (combined) for cost effective, labor efficient use and
better immune response. Numerous publications are avail-
able on the safe use of multiple FMD vaccines together
with a number of bacterial and viral agents (De Clercq et
al., 1989; Trotta et al., 2015). In most of these studies, it has
been proven that the agents used together do not adversely
affect the response to each other.

It has been reported that protective neutralizing antibody
titers (cut-off titers) against A and O serotypes should be
atleast 1.20 and 1.04 in cattle vaccinated with homologous
FMD vaccine containing serotypes A and O at a protective
dose of 6PD, (Cokcaliskan etal.,2016).In our study, VNT
and ELISA antibody titers were found to be higher than
cut-off value in all 3 groups of animals vaccinated with tri-
valan FMD A, O, Asia 1 serotypes alone, and vaccinated
with FMD A and O serotypes used together with ecthyma
vaccine and antigen. This results showed that the ecthyma
inactive antigen reduces the antibody response against the

FMD vaccine. Our results are concordant with another
study (Kruse and Weber, 2001). That study demostrated
that the presence of ORF virus impeded T-cell activation
in-vitro. Moreover, ORF antigen induced apoptosis in
the population of monocytes and antigen presenting cells.
Similar results were obtained in another study in which
vesicular stomatitis and FMD virus were simultaneously
administered. The interference mechanism was reported to
be responsible for the low antibody levels observed in ani-
mals vaccinated with two vaccines (Castaneda et al., 1976).
Poxviruses are known to activate a wide variety of cellular
proteins to escape host immune defense, including viral
interleukin 10 (IL-10), granulocyte-macrophage colony
stimulation factor, and IL-2 suppressing protein. In addi-
tion, the virus also causes the secretion of I1L.-4, an anti-in-
flammatory interleukin. IL-10 is the most important an-
ti-inflammatory cytokine and suppresses cellular responses
in various ways (Friebe et al., 2004). Data obtained in this
study are thought to be due to the immunomodulatory ef-
fect of ecthyma virus described above. IL-10 has also been
shown to cause persistent infection by this mechanism in
animals infected with FMD virus (Zhang et al., 2015). Ec-
thyma virus has been shown to stimulate the release of in-
flammation-suppressing cytokines as well as inflammatory
cytokines. It has also been reported to have antiviral and
anti-fibrotic effects (Paulsen et al., 2013).

CONCLUSION

'The immunostimulant effect of ecthyma vaccine could not
be determined on the antibody response against FMD in
sheep with the combined or the simultaneous adminis-
tration of two vaccines (inactivated ecthyma virus antigen
with FMD vaccine). Although we could not find signif-
icant statistical differences between the FMD and FMD
with ecthyma simultaneous or combined application, thus,
the usage of these two vaccines together is not suggested
at all.. Further studies should be conducted to reveal the
mechanism behind this. Thus, it is contemplated that the
immunogenic mechanism of the FMD vaccines can be re-
vealed and more effective FMD vaccines can be developed.
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