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ABSTRACT

One of the effective recommendation for control of Foot and Mouth
disease virus is the proper vaccination by a highly potent vaccine. Such a
vaccine should be specific to the circulated field serotype of foot and
mouth disease virus inducing rapid, highly protective immunity with a
long duration. This research is concerned with using plant extracted oil
adjuvants prepared from rapeseed oil mixed with or without Ginseng
extracts and from Soybean oil as well with or without Ginseng extracts.
Some humoral and cellular immune responses were compared using the
different plant-extracted oils and the mineral-based adjuvant called
Montanide oil ISA 206 after one dose vaccination of the prepared vaccines
at different interval times post vaccinations. Lymphocyte blastogenesis,
Interleukin-6, and Interleukin-12 showed higher expression in calves
vaccinated by FMDV serotypes (O pan Asia, A Iran O5, and SAT2 /
EGY/2012) with plant extract oil containing Ginseng extract comparable
to that of plant extracts without Ginseng and Montanide oil ISA 206
adjuvants vaccines. It was found that FMD vaccine adjuvant with ginseng
either with rapeseed or Soybean showed a higher post vaccinal cellular
immune response than that without ginseng or ISA 206 alone. Estimation
of the humoral immune response of vaccinated calves revealed that
antibody against FMD virus serotypes O pan Asia, A Iran O5 and SAT2 /
EGY/2012 by SNT and ELISA assay induced by the inactivated FMD
adjuvant with rapeseed oil and ginseng vaccine and the inactivated FMD
adjuvant with soybean oil and ginseng vaccine were higher than those
induced by inactivated FMD adjuvant with Montanide oils 206. In
contrast, the obtained antibody levels by the inactivated FMD adjuvant
with rapeseed oil vaccine and inactivated FMD adjuvant with soybean oil
vaccine was lower than those induced by inactivated FMD adjuvant with
Montanide oils 206. So, it could be concluded that the use of plant origin
oil adjuvant as rapeseed and soybean oil is considered a beneficial and
alternative adjuvant to the imported mineral oil as it is much cheaper and
induce better post vaccinal immune responses especially when mixed with
ginseng extract.
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INTRODUCTION

Foot-and-Mouth Disease (FMD) is a highly
contagious and economically important disease that
affects cloven-hoofed animals causing appetite loss,
high body temperature, and vesicles in the mouth,
tongue, hooves, and nipples (Sobrino et al., 2001;
OIE, 2017). The disease is caused by the FMD virus
(FMDV), a member of the Aphthovirus genus in the
Picornaviridae family. The disease's clinical severity
varies with the serotypes of FMDV, infection dose,
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species, and individual susceptibility of the host (Cox
and Barnett 2009). The disease can be transmitted via
direct or indirect contact between FMDV-infected
animals and susceptible animals (OIE 2017).

Foot and Mouth Disease (FMD) virus exists as
seven distinct serotypes (O, A, C, Asia 1, South
African Territories [SAT1, SAT2, and SAT3) as well
as numerous and constantly evolving subtypes, which
shows a spectrum of antigenic diversity (Cox and
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Barnett 2009; OIE, 2017). The high rate of mutations,
antigenic variation, and weak cross-protection between
different serotypes of FMD viruses are major
challenges for controlling FMD (Nagendrakumar et
al., 2011; Park, 2013).

Vaccination remains a critical approach to
control FMD in many countries. The oil-emulsified
vaccine forms depots at the injection site, from which
antigens are slowly released to stimulate the lymphatic
system to produce a durable immune response (Li et
al., 2013). Montanide ISA 206, a mineral oil-based
adjuvant, is the most commonly used commercial
adjuvant in China. However, the mineral oil-based
adjuvant is not preferable because it is reported to
cause undesirable tissue reactions, persists for long

periods in animal tissues, and is potentially
carcinogenic to consumers (Stone, 1993 and
Yamanaka et al, 1993). Although current

commercially available oil adjuvants are highly
refined, searching for safer adjuvants for use in food
animals remains an important topic, attracting many
researchers (Roy et al., 1999; Vajdy 2011), Since the
non-adjuvanted antigens do not adequately achieve
some types of immune parameters (e.g., Thl cell vs.
Th2 cell, CD8+ vs. CD4+ T cells, specific antibody
isotypes), the adjuvant is often formulated in vaccines
to improve the efficacy of vaccination (Coffman et al.,
2010; Park, 2016).

Ginseng saponin (GS) and mineral oil
synergistically activated the immune responses to the
FMD vaccine in mice and pigs and the Newcastle
disease vaccine in birds (Li et al., 2012). Recently
edible vegetable oils extract from Soybean, corn,
sunflower seeds, sesame seeds, olives, camellia seeds,
and rapeseeds were used their ability to form water-in-
oil emulsions, and it was found that rapeseed oil (RO)
could form a stable oil emulsion with a relatively low
cost (Xu 2008).

In the present study, the effect of Rapeseed oil
and Soybean oil rapeseed oil, Soybean and ginseng
extracted oils cocktails were compared with montanide
ISA 206 oils adjuvants for foot and mouth disease
vaccine, in addition, to evaluate their synergistic
adjuvant activities on the immune responses elicited by
the FMD vaccine in a calve.

MATERIALS AND METHODS

1.Ethical approval

The experiment was carried out according to
the Institutional Animal Ethics Committee's protocol,
and the authors had the permission of the animal
owners at the private farms.

2.FMD virus strains
Local Foot and Mouth disease virus serotypes
O pan Asia, A Iran O5 and SAT2 / EGY/2012
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propagated in Baby Hamster Kidney (BHK;) cell line
monolayer was supplied by the Department of Foot and
Mouth Diseases Research, Veterinary Serum and
Vaccine Research Institute. The titer of the three
serotypes was expressed as 10g;oTCIDso/ml as
calculated by (Reed and Muench, 1938) and the
complement fixation test was carried out according
to(Health Protection Agency 2009). These virus
serotypes were used for the preparation of trivalent
inactivated vaccine as well as in serological tests.
3.Animals
3.1.Calves

Thirty native breed calves in a private farm
free from FMD antibodies screened by serum
neutralization test were divided into six groups
(5animals/group). Each of 5 experimental FMD
trivalent vaccines adjuvanted with Rapeseed oil,
rapeseed oil with ginseng oil, Soybean oil with ginseng
and Montanide ISA 206 was inoculated each in a calve
group and keeping one group without vaccination as a
negative control group. The vaccine dose was 3
ml/animal inoculated subcutaneously, where each dose
contains 10° TCIDs, of each of Foot and Mouth
Disease virus serotypes.

3.2.Suckling baby mice

Suckling Swiss baby mice, two to four days
old, (Charles River Strain, USA) were used (OIE,
2017) that supplied by Laboratory Animal Department,
Veterinary Serum and Vaccine Research Institute
(VSVRI), Abbasia, Cairo (OIE, 2017), were used for
testing of complete virus inactivation.

4. Samples

Heparinized blood samples were obtained from
experimentally vaccinated and control non vaccinated
animals at 0, 3, 7, 14, 21 and 28 days post-vaccination,
for detection of the cellular immune response of
vaccinated calves to the prepared FMD vaccine
formulae by Lymphocyte blastogenesis using cell
proliferation kit (XTT kit), interleukine-6 and
interleukine-12. In addition, serum samples were
obtained from all calf groups at the time of vaccination
(zero time); every week up to four weeks; every two
weeks up to the16™ week; every four weeks till the
32"-week post-vaccination and lastly every two weeks
till the end of the experiment (38 weeks post-
vaccination). These samples were subjected to the
estimation of FMD antibodies in vaccinated animals
using SNT and indirect ELISA.

5.Cell culture

Baby Hamster kidney cell line (BHK,;) was
supplied by Veterinary Serum and Vaccine Research
Institute, Abbasia, Cairo using Eagle’s medium
supplemented with 8-10% bovine serum (Xuan et al.,
2011)and wused for the application of serum
neutralization test, virus titration,and vaccine
preparation.
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6.Virus clarification and inactivation

Each FMD virus serotype (O, A and SAT2) at
the 7" passage on BHK monolayer was treated with
chloroform at a concentration of 1.5% (Volume/
Volume) as a clarification method before inactivation.
Inactivation occurred using a combination of 1mM of
Binary Ethylene amine and 0.04% formalin (BEI-FA)
according to the method described by (Barteling and
Cassim 2004and Ismail et al., 2013). Sodium
thiosulphate 20% in a final concentration of 2% and
sodium bisulphite 20% in a final concentration of 2%
were added after the inactivation process to neutralize
the excess of BEI and formalin residues.

7.Used adjuvants
e Rapeseed oil (RO) was obtained from a local food
store and was manufactured according to standard
GB1536 (Song et al., 2009) by the Shanghai Jiali
Food Industry Co. Ltd. (Shanghai, China). One liter
of RO contained 491 kilocalories of energy and 56 g
of fat.
e Soybean oil (SO) was obtained from Sigma Aldrich
(Product Number: S7381)
e Montanide I1SA206 Montanide
obtained from Seppic, Paris, France.
e Standardized Ginseng saponin (GS) (Zhang et
al., 2018) was purchased from Hongjiu Ginseng
Industry Co. Ltd. (Jilin, China). Based on analysis by
high-performance liquid chromatography (HPLC),
GS contained Rbl (1.4%), Rb2 (3.0%), Rc (2.5%),
Rd (8.0%), Re (12.0%), and Rgl (6.0%) and GS-R
contained Rb1 (18.0%), Rb2 (9.5%), Rc (10.0%), Rd
(7.6%), Re (8.7%), and Rg1 (3.5%).

ISA 206 was

8. Formulation of the prepared experimental
vaccine batches

Five formulae of trivalent inactivated FMD
vaccine were prepared using the mentioned adjuvants
as follow:

e Formula (1) with Montanide ISA 206

Formula (2) with Rapeseed oil
Formula (3) with Rapeseed oil and ginseng
Formula (4) with Soybean oil
Formula (5) with Soybean oil and ginseng

The FMDV vaccine adjuvanted with ISA 206
was prepared as 50:50 for ISA 206(volume (v/v)
according to (El-Sayed et al., 2015). To produce the
different experimental FMDV vaccines, oil phases with
4 ug of GS were prepared by mixing GS with RO or
SO containing 6% Span-80, using dimethyl sulfoxide
(DMSO) co-solvent. The aqueous phase was prepared
by adding 3 %Tween 80 to the FMDV antigen solution
to produce an antigen solution. The oil phase was then
emulsified in the aqueous phase at 1:1 (vol/vol) with a
dispersing device to produce FMD vaccines in RO
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containing 4 pg of GS per ml. The amounts of FMDV
antigen were the same in the different vaccine
formulations throughout the study. The vaccines were
prepared one day before immunization.

9.Evaluation of the prepared FMD trivalent vaccine
9.1.Viscosity testing

The vaccines' viscosities were measured
according to the work of Stone (Yu and Vajdy 2011).
The vaccines were removed from storage at 4°C and
allowed to equilibrate to room temperature. One
milliliter of the sample was drawn into a 1-ml pipette,
and then the time required for 0.4 ml of the sample to
flow out of the vertically positioned pipette was
recorded.

9.2.Sterility and safety testing

The prepared vaccine batches were tested for
their freedom of aerobic and anaerobic bacteria; fungal
and mycoplasma contaminants where vaccines samples
were cultured on thioglycolate broth, Sabouraud's,
Nutrient agar; phenol dextrose media and mycoplasma
medium. The safety of the prepared vaccines was done
in baby mice (OIE, 2017).

9.3.The Potency of the prepared vaccines
9.3.1. Evaluation of cellular immune response
9.3.1.1.Lymphocyte blastogenesis using XTT assay
It was carried out according to (Slater et al.,
1963 and EL-Naggar, 2012) through the separation of
lymphocytes as described by (Lucy, 1977 and Lee,
1984) and determination of viable cell number
according to (Mayer et al., 1974).

9.3.1.2. Estimation of interleukin

Estimation of interleukin in the sera of
vaccinated and control calves including IL-6 levels,
was carried out using calve IL-6 ELISA Kit Catalog
No. EKE51028 supplied by Biomatik Company,
Wilmington, Delaware, USA. Also, IL12 levels were
estimated using calve IL-12 ELISA Kit Catalog No.
EKE51028 supplied by Biomatik Company,
Wilmington, Delaware,

9.3.2. Evaluation of the humoral immune response

Serum samples collected from the vaccinated
calves were tested for monitoring of the exhibited
FMD antibody titers against the three serotypes by
serum neutralization test (SNT) using the technique
described by (Ferreira, 1976) and indirect enzyme-
linked immune sorbent assay (ELISA) according to
(Voller et al., 1976).

10. Statistical analysis

Data were analyzed using analysis of variance
(ANOVA) in the SPSS-12 statistical software package
for P.C.S. Multiple comparisons of means were made
using Duncan’s multiple range tests at P< 0.05 %.
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RESULTS

Table 1. Mean delta optical density of lymphocyte blastogenesis assay in calves vaccinated with the
prepared vaccine formulae

Delta optical density of lymphocyte blastogenesis
Used Vaccine formula
1"pPv* 3" DPV  7"DPV 14"DPV  21"DPV 28" DPV
Formula (1) 0.32 0.45 0.67 0.95 0.81 0.76
Formula (2) 0.31 0.42 0.64 0.90 0.79 0.72
Formula (3) 0.41 0.82 1.15 1.10 0.97 0.80
Formula (4) 0.25 0.31 0.48 0.74 0.51 0.40
Formula (5) 0.35 0.70 1.02 0.95 0.81 0.67
Control 0.10 0.12 0.13 0.12 0.13 0.10

Table 2: Interleukin-6 immune response expressed as mean delta optical density of calves vaccinated
with the prepared vaccine formulae

) IL-6 (ng/ml) at DPV*
Used Vaccine formula

1% DPV* 3" DPV 7" DPV 14"DPV  21"DPV 28" DPV
Formula (1) 0.89 1.44 2.11 3.78 3.62 3.17
Formula (2) 0.85 1.40 2.01 3.71 3.57 3.02
Formula (3) 1.43 2.51 4.78 3.97 3.81 3.43
Formula (4) 0.72 1.31 1.94 3.67 3.47 2.94
Formula (5) 1.30 2.30 4.44 3.83 3.69 3.20
Control 0.40 0.35 0.32 0.3 0.39 0.4

Table 3: Interleukin-12 immune response expressed as mean delta optical density of calves vaccinated
with the prepared vaccine formulae

Used Vaccine IL-12 (ng/ml) at DPV*
formula 1" DPV* 3" DPV 7" DPV 14" DPV 21 DPV 28" DPV
Formula (1) 4.4 4.61 5.15 6.2 5.3 4.9
Formula (2) 43 4.56 5.1 6.3 5.2 48
Formula (3) 4.6 5.6 75 5.8 5.5 5.3
Formula (4) 4.2 4.4 5 6.5 5 4.6
Formula (5) 4.5 5.8 6.8 6 54 5
Control 4.1 4.3 4.1 4.2 4.3 4.1

*DPV: day post vaccination

Formula (1) Trivalent FMD adjuvanted with Montanide ISA206  Formula (2) Trivalent FMD adjuvanted with Rapsead oil
Formula (3) Trivalent FMD adjuvanted with Rapsead oil with Ginseng ~ Formula (4) Trivalent FMD djuvanted
with Soybean oil ~ Formula (5) Trivalent FMD adjuvanted with Soybean oil with Ginseng
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Table 4: Mean FMD type-O serum neutralizing antibody titers expressed in logy in different vaccinated
calve’s groups

Used FMD type-O serum neutralizing antibody titers /WPV*
Vaccine
formula  OWPV* 1w 2w 3w 4W  BW 8W 10W 12W 14W 16W 20W 24W 28W 32W 34W  36W
Formula(l) 045 145 168 171 224 251 28 311 284 272 261 232 212 184 172 147 125
Formula (2) 03 135 145 165 213 245 27 3 277 265 257 226 205 165 153 135 1.05
Formula(3) 032 152 171 1.99 234 268 335 322 305 287 279 257 24 209 17 16 124
Formula(4) 029 123 14 151 19 218 248 28 26 248 238 204 184 171 157 115 071
Formula (5) 0.3 15 163 186 214 242 301 295 28 267 253 232 216 195 181 155 1.17
0.3 03 04 03 04 04 04 03 03 03 03 03 03 03 03 03 03
*WPV: week post vaccination
Table 5: Mean FMD type-O ELISA titer in different vaccinated calve’s groups
Used Vaccine FMD type-O ELISA antibody titer /WPV*
formula OWPV* 1W 2W 3W 4W 6W 8W 10W 12W 14W 16W 20W 24W 28W 32W 34W 36W
Formula (1) 075 175 198 201 254 281 312 341 314 302 291 262 242 214 202 177 155
Formula (2) 06 165 175 1.95 243 275 3 33 307 295 287 256 235 195 183 165 1.35
Formula (3) 062 182 201 229 264 298 365 352 335 317 309 287 27 239 2 19 154
Formula (4) 059 153 17 181 22 248 278 312 29 278 268 234 214 201 187 145 101
Formula (5) 0.6 18 193 216 244 272 331 325 31 297 283 262 246 225 211 185 147
Control 0.6 06 07 06 07 07 07 06 06 06 06 06 06 06 06 06 06
Table 6: Mean FMD type-A serum neutralizing antibody titers expressed in logi in different vaccinated
calve’s groups
Used FMD type-A serum neutralizing antibody titers /WPV*
Vaccine
cormul OWPV* 1W 2W 3W 4W 6W 8W 10W 12W 14W 16W 20W 24W 28W 32W 34W  46W
ormula
Formula (1) 0.3 13 16 165 214 245 27 3 27 264 25 21 2 17 16 135 11
Formula(2) 03 13 14 16 205 232 255 29 26 25 24 2 191 165 15 12 09
Formula(3) 0.3 15 16 18 21 25 32 3 29 2.7 26 24 227 195 18 155 12
Formula(4) 025 1.01 12 15 17 2 23 25 24 23 21 195 17 16 15 101 08
Formula(5) 03 145 15 17 201 227 28 26 24 23 21 21 2 18 165 15 101
Control 0.3 03 04 03 04 04 04 03 03 0.3 03 03 03 03 03 03 03
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Table 7: Mean FMD type-A ELISA antibody titer in different vaccinated calve’s groups

Used FMD type-A ELISA antibody titer /WPV*
}ﬁ‘r’gmz OWPV* 1W 2W 3W 4W 6W 8W 10W 12W 14W 16W 20W 24W 28W 32W 34W  36W
Fozrln)”'a 06 16 19 195 244 275 3 33 3 294 28 24 23 2 19 165 14
Fozr;)“'a 06 16 17 19 235 262 28 32 29 28 27 23 221 195 18 15 12
Fogu'a 06 18 19 21 24 28 35 33 32 3 29 27 257 225 21 185 15
FOET)”'a 055 131 15 18 2 23 26 28 27 26 24 225 2 19 18 131 11
Fozrsn)”'a 06 175 18 2 231 257 31 29 27 26 24 24 23 21 195 18 131
Control 045 045 07 06 07 07 06 06 06 06 045 045 045 045 03 03 03

Table 8: Mean FMD type-SAT2 serum neutralizing antibody titers expressed in logg in different
vaccinated calve’s groups

Used FMD type-SAT2 serum neutralizing antibody titers /WPV*
}ﬁm’;: OWPV* 1W  2W 3W 4W 6W 8W 10W 12W 14W 16W 20W 24W 28W 32W 34W  36W
Fogu'a 045 125 15 155 201 23 255 29 264 25 235 2 19 16 15 12 09
Fog])“'a 0.3 11 13 15 2 218 24 275 245 235 221 195 18 155 15 11 065
Fozg])“'a 045 145 15 16 2 23 3 29 28 25 241 221 214 18 155 15 102
FOET)“'a 03 09 105 13 15 18 2 22 2 19 18 17 154 15 147 09 04
Fogu'a 0.3 15 16 17 2 21 26 25 23 21 195 195 18 165 15 15 09
Control 03 03 04 03 04 04 04 03 03 03 03 03 03 03 03 03 03

Table 9: Mean FMD type-SAT2 ELISA antibody titer in different vaccinated calve’s groups

Used FMD type-SAT2 ELISA antibody titer /WPV*
;;ﬁ;’;: OWPV* 1W 2W 3W 4W 6W 8W 10W 12W 14W 16W 20W 24W 28W 32W 34W 36W
FOET)“'a 075 155 18 185 231 26 285 32 294 28 265 23 22 19 18 15 12
FO?;)”'a 06 14 16 18 23 248 27 305 275 265 251 225 21 185 18 14 095
Fozgma 075 175 18 19 23 26 33 32 31 28 271 251 244 21 185 18 132
FOET)“"" 06 12 135 16 18 21 23 25 23 22 21 2 184 18 177 12 07
Fozg”'a 06 18 19 2 23 24 29 28 26 24 225 225 21 195 18 18 12
Control 045 045 07 06 07 07 06 06 06 06 045 045 045 045 03 03 03
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DISCUSSION

The beneficial effects of the formulation of
adjuvants in vaccines include induction of higher levels
of immunity, reduction of the required antigen dose,
increasing the speed of attainment of protective
immunity as well as reducing the number of
immunizations and modulating the phenotype of T cell
responses. In this respect and through the present work,
we try to provide the best natural oil adjuvant to the
trivalent inactivated FMD vaccine that could induce
high immunity with a long duration in vaccinated
calves. So, we prepared four trivalent FMD vaccine
formulae using Rapeseed oil, Rapeseed oil with
Ginseng, Soybean oil and Soybean oil with ginseng as
natural oil adjuvants in addition to a fifth formula using
Montanide [ISA 206 subjected to comparative
evaluation to determine the best adjuvant which
confirms our suggested purpose.

Specific antibody responses are important in
defense against FMD (Meloen et al., 1979;
McCullough et al., 1986.; McCullough et al., 1988
and McCullough et al.,, 1992). Protection against
FMDYV infection is considered to be closely related to
serum antibody levels (Xie et al., 2005). High FMDV
specific 1gG isotype levels were associated with the
protection of swine challenged with FMD (Mayr et al.,
2001). The rapeseed oil combined with ginseng
rapeseed oil promoted a significantly greater serum
IgG response induced by FMD vaccine than did
rapeseed oil or ginseng alone (Zhang et al., 2014).

Regarding the cellular immune response of
calves to different FMD vaccine formulae through
estimation of the lymphocyte blastogenesis, in addition
to IL-6 and IL-12 levels as the efficient induction of
early protection against infection with FMDV relies on
the rapid assimilation of appropriate innate immune
defense, probably leading to the enhanced induction of
specific immune responses (Barnett et al., 2002). The
results of estimation of the lymphocyte blastogenesis ,
IL-6 and IL-12 as shown in Table no. 1, 2 and 3 come
in parallel to each other’s as the cellular immune
response of calves to the five formulations showed an
increase in the mean delta optical density of
lymphocyte blastogenesis assay, IL-6 and IL-12  at
day 1 while the peak value of the lymphocyte
blastogenesis assay, 1L-6 and IL-12 varies from one
formula to another as in calves vaccinated with
inactivated FMD ISA 206 oil vaccine (Formula-1) ,
calves vaccinated with inactivated FMD adjuvant with
rapeseed oil vaccine (Formula-2) and calves vaccinated
with inactivated FMD adjuvant with soybeans oil
vaccine (Formula-4) , the mean delta optical density of
lymphocyte blastogenesis assay, IL-6 and IL-12
showed its maximum value at the 14"™ DPV then

98

declined while the inactivated FMD adjuvant with
rapeseed oil and ginseng vaccine (Formula-3) and the
inactivated FMD adjuvant with soybean oil and
ginseng vaccine (Formula-5), the mean delta optical
density of lymphocyte blastogenesis assay, IL-6 and
IL-12  showed its maximum value at the 7" DPV then
declined . Compared with the control calves remain to
mean delta optical density of lymphocyte blastogenesis
assay, IL-6 and IL-12 remain in an average constant
value all over the time of estimation.

From the above results and the statistical
analysis of cellular immunity, it is clear that the FMD
vaccine adjuvant with ginseng either with rapeseed or
Soybean induced a higher post vaccinal cellular
immune response than that induced without mixing
with ginseng or ISA 206 alone.

These results came in agreement with (Song et al.,
2009; Li et al., 2012 and Zhang et al., 2014) who
reported that Rapeseed oil in combination with ginseng
significantly enhanced serum IgG and isotype
concentrations, gamma interferon (IFN-y) and
interleukin 5 (IL-5) levels, splenocyte proliferative
responses to stimulations with concanavalin A (ConA),
lipopolysaccharide (LPS), and FMDV antigen, and the
numbers of IgG-secreting plasma cells in the bone
marrow, suggesting that Rapeseed oil with ginseng
enhanced both Thl and Th2 immune responses, Also
our results come in agreement in some points with
those of (Knudsen et al., 1979; Mercedes et al., 1996;
Elwatany et al., 1999; Sonia et al., 2010; Fakhry et
al., 2012 and Mossad et al., 2014) who mentioned that
the Delta optical density of lymphocyte blastogenesis
assay and interleukin6, 12 at day 0, 3, 7, 14, 21 and 28
days post vaccination (DPV) showed a significant
difference between vaccinated and control groups
started at 3 DPV and increased gradually till 21% DPV
using trivalent FMD Montanide inactivated vaccine.

Evaluation of the humoral immune response
against FMDV serotype (O) in vaccinated calves with
different prepared oil adjuvant vaccine formulae using
SNT and ELISA data (Tables 4 and 5) showed
differences in the onset, intensity and duration of the
FMDV serotype (O) antibodies. Concerning the onset
of protective antibody titer either estimated by SNT or
ELISA, it is clear that calves vaccinated with
inactivated FMDV adjuvanted with rapeseed oil and
ginseng vaccine (Formula-3) and calves vaccinated
with inactivated FMDV adjuvanted with soybean oil
and ginseng vaccine (Formula-5) showed an earlier
immune response in the 1% WPV while the calves
vaccinated with inactivated FMDV adjuvanted with
Montanide ISA 206 oil vaccine (Formula-1) showed its
early immune response in the 2™ WPV unlike the
calves vaccinated with inactivated FMDV adjuvanted
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with rapeseed oil vaccine (Formula-2) and the calves
vaccinated with inactivated FMDV adjuvanted with
soybeans oil vaccine (Formula-4) induced its early
antibody titer against FMDV serotype (O) in the 3"
WPV.

Concerning the peak of the protective antibody
titers either estimated by SNT or ELISA against
FMDV serotype (O) induced by the calves vaccinated
with inactivated FMDV adjuvanted with Montanide
ISA 206 oil vaccine (Formula-1), the calves vaccinated
with inactivated FMDV adjuvanted with rapeseed oil
vaccine (Formula-2) and calves vaccinated with
inactivated FMDV adjuvanted with soybeans oil
vaccine (Formula-4) appeared in the 10" WPV while
the calves vaccinated with inactivated FMDV
adjuvanted with rapeseed oil and ginseng vaccine
(Formula-3) and calves vaccinated with inactivated
FMDV adjuvanted with soybean oil and ginseng
vaccine (Formula-5) induced the peak of antibody
titers in the 8" WPV.

Regarding the duration of the protective type
(O) antibody titers either estimated by SNT or ELISA,
it is clear that calves vaccinated with inactivated FMD
adjuvanted with rapeseed oil and ginseng vaccine
(Formula-3) and calves vaccinated with inactivated
FMDV adjuvanted with soybean oil and ginseng
vaccine (Formula-5) showed the longest duration of
protective antibody titers against FMDV serotype (O)
up to 34™ WPV while the calves vaccinated with
inactivated FMDV adjuvanted with Montanide ISA
206 oil vaccine (Formula-1), the calves vaccinated with
inactivated FMDV adjuvanted with rapeseed oil
vaccine (Formula-2) and calves vaccinated with
inactivated FMDV adjuvanted with soybeans oil
vaccine (Formula-4) showed protective titers against
FMDV serotype (O) up to the 32nd WPV.

Regarding the FMDV serotype (A) antibody
titers induced in vaccinated calves with the different
prepared vaccines, formulae are determined by using
SNT and ELISA as shown in tables 6 and 7 showed
differences in the onset, intensity and duration of the
FMD serotype (A) antibodies. Concerning the onset of
protective antibody titer, it is clear that calves
vaccinated with the inactivated FMDV adjuvanted with
rapeseed oil and ginseng vaccine (Formula-3) showed
an earlier immune response in the 1% WPV while
calves vaccinated with inactivated FMDV adjuvanted
with rapeseed oil vaccine (Formula-2) and calves
vaccinated with inactivated FMDV adjuvanted with
soybeans oil vaccine (Formula-4) induced protective
type A antibody titer in the 3 WPV unlike calves
vaccinated with the inactivated FMDV ISA 206 oil
vaccine (Formula-1) and calves vaccinated with the
inactivated FMDV adjuvanted with soybean oil and
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ginseng vaccine (Formula-5) revealed antibody titer in
the 2" WPV. Concerning the peak of the protective
antibody titers against FMDV serotype (A) either
estimated by SNT or ELISA induced by calves
vaccinated with the inactivated FMDV adjuvanted with
Montanide ISA 206 oil vaccine (Formula-1), calves
vaccinated with inactivated FMDV adjuvanted with
soybeans o0il vaccine (Formula-4) and calves
vaccinated with inactivated FMDV adjuvanted with
rapeseed oil vaccine (Formula-2) appeared in the 10"
WPV while that induced by the calves vaccinated with
the inactivated FMDV adjuvanted with rapeseed oil
and ginseng vaccine (Formula-3) and calves vaccinated
with the inactivated FMDV adjuvanted with soybean
oil and ginseng vaccine (Formula-5) was achieved at
8" WPV.

Regarding the duration of the protective type
(A) antibody titers either estimated by SNT or ELISA,
it is clear that calves vaccinated with inactivated FMD
adjuvanted with rapeseed oil and ginseng vaccine
(Formula-3) and calves vaccinated with inactivated
FMDV adjuvanted with soybean oil and ginseng
vaccine (Formula-5) showed the longest duration of
protective antibody titers against FMDV serotype (A)
up to 34™ WPV while the calves vaccinated with
inactivated FMDV adjuvanted with Montanide ISA
206 oil vaccine (Formula-1), the calves vaccinated with
inactivated FMDV adjuvanted with rapeseed oil
vaccine (Formula-2) and calves vaccinated with
inactivated FMDV adjuvanted with soybeans oil
vaccine (Formula-4) showed protective titers against
FMDYV serotype (A) up to the 32nd WPV.

Results of FMD type SAT2/Egypt/2012
antibody titers induced in vaccinated calves with the
prepared different oil vaccine formulae using SNT and
ELISA data (Tables-8 and 9) showed differences in the
onset, intensity and duration of the FMD serotype
SAT2/Egypt/2012 antibodies. Concerning the onset of
protective antibody titer either estimated by SNT or
ELISA , it is clear that calves vaccinated with
inactivated FMDV adjuvanted with soybean oil and
ginseng vaccine (Formula-5) showed an earlier
immune response in the 1% WPV while the calves
vaccinated with inactivated FMDV adjuvanted with
Montanide ISA 206 oil vaccine (Formula-1) and calves
vaccinated with inactivated FMDV adjuvanted with
rapeseed oil and ginseng vaccine (Formula-3) showed
its early immune response in the 2™ WPV unlike the
calves vaccinated with inactivated FMDV adjuvanted
with rapeseed oil vaccine (Formula-2) induced its early
antibody titer against FMDV serotype
(SAT2/Egypt/2012) in the 3™ WPV and the calves
vaccinated with inactivated FMDV adjuvanted with
soybeans oil vaccine (Formula-4) induced its early
antibody titer against FMDV serotype
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(SAT2/Egypt/2012) in the 4" WPV. Concerning the
peak of the protective antibody titers either estimated
by SNT or ELISA against FMDV serotype
(SAT2/Egypt/2012) induced by the calves vaccinated
with inactivated FMDV adjuvanted with Montanide
ISA 206 oil vaccine (Formula-1), the calves vaccinated
with inactivated FMDV adjuvanted with rapeseed oil
vaccine (Formula-2) and calves vaccinated with
inactivated FMDV adjuvanted with soybeans oil
vaccine (Formula-4) appeared in the 10" WPV while
the calves wvaccinated with inactivated FMDV
adjuvanted with rapeseed oil and ginseng vaccine
(Formula-3) and calves vaccinated with inactivated

FMDV adjuvanted with soybean oil and
ginseng vaccine (Formula-5) induced the peak of
antibody titers in the 8" WPV. Regarding the duration
of the protective type (SAT2/Egypt/2012) antibody
titers either estimated by SNT or ELISA, it is clear that
calves vaccinated with inactivated FMD adjuvanted
with rapeseed oil and ginseng vaccine (Formula-3) and
calves vaccinated with inactivated FMDV adjuvanted
with soybean oil and ginseng vaccine (Formula-5)
showed the longest duration of protective antibody
titers against FMDV serotype (SAT2/Egypt/2012) up
to 34™ WPV while the calves vaccinated with
inactivated FMDV adjuvanted with Montanide ISA
206 oil vaccine (Formula-1), the calves vaccinated with
inactivated FMDV adjuvanted with rapeseed oil
vaccine (Formula-2) showed protective titers against
FMDV serotype (SAT2/Egypt/2012) up to the 32nd
WPV unlike the calves vaccinated with inactivated
FMDV adjuvanted with soybeans oil vaccine
(Formula-4)  showed its protective titers against
FMDV serotype (SAT2/Egypt/2012) up to the 28"
WPV.

From the above results and the statistical
analysis of humeral antibody titers against FMDV
serotypes O, A and SAT2/Egypt/2012 showed that
most rapid onset of immunity and the most prolonged
duration of protective titer was achieved through calves
vaccinated with inactivated FMD adjuvanted with
rapeseed oil and ginseng vaccine (Formula-3) and
calves vaccinated with inactivated FMDV adjuvanted
with soybean oil and ginseng vaccine (Formula-5) and
those two formulations achieve the rapid peak level in
the results of the estimation of the cellular immune
response either the lymphocyte blastogenesis assay or
IL-6 or IL-12 levels and that relies on the rapid
assimilation of appropriate innate immune defense,
probably leading to the enhanced induction of specific
immune responses (Barnett et al., 2002). It is well
known that protection against FMDV infection is
considered to be closely related to serum antibody
levels (Xie et al., 2005).

These results came parallel to those obtained
by (Zhang et al., 2014) who mentioned that no
significant difference was found between rapeseed oil
and the commercial adjuvant oil ISA 206 in the
promotion of FMD Asialvaccine-induced immune
responses; also it was found that the FMDV-specific
IgG levels produced from rapeseed ginseng FMD oil
vaccine were higher than those produced from rapeseed
FMD oil vaccine when compared between the adjuvant
activities of ginseng rapeseed oil FMD vaccine and
rapeseed oil FMD vaccine. The rapeseed oil in
combination with ginseng rapeseed oil promoted a
significantly greater serum IgG response induced by
FMD vaccine than did rapeseed oil or ginseng alone
(Zhang et al., 2014). The present obtained FMD
antibody titers of FMD could be considered of high
protective levels as determined by SNT and ELISA in
agreement with what recommended by (OIE, 2017) as
1.5 logyp by SNT and 1.8 logy, by ELISA. In this
respect, it was concluded that high FMDV specific 1gG
isotype levels were related to the protection of swine
challenged with FMD (Mayr et al., 2001).

Our results confirmed that those reported by
(Xuemei et al., 2019) who approved ginsengs, exert a
synergistic adjuvant effect on the immune responses to
the FMD vaccine emulsified in Soybean. Soybean
ginseng and ISA 206 behave differently in their
adjuvant activity. When mice were immunized with the
FMD vaccine emulsified in Soybean containing
ginseng, significantly higher and earlier serum FMDV-
specific IgG production was found than in the ISA 206
group. Although both adjuvants significantly enhanced
lymphocyte proliferation response promoted the
production of IL-4 and IL-6. Soybean ginseng
promoted a significantly higher  lymphocyte
proliferative response and the CD4+/CD8+ T cell ratio
with the production of increased IFN-y, as compared
with the ISA 206 group. (EL-Sayed et al., 2015)
indicated that vaccines emulsified using Montanide
ISA 201 adjuvant elicited a protective humoral immune
response from the 2™ WPV for ISA 206. It also came
in parallel with (Wisniewski et al., 1972) who
explained that the SNT measures those antibodies that
neutralize FMD virion's infectivity. The peak of
antibody titer in all groups at 10-12 weeks post-
vaccination and continues with a protective level until
32" WPV,

CONCLUSIONS

To achieve a rapid onset and long duration
immunity against FMDV, we can use ginseng
extract to rapeseed oil or Soybean oil as an adjuvant
in inactivated FMDV vaccine in comparison with
that adjuvanted with Montanide ISA 206 oil or with
rapeseed oil or with Soybean oil.
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