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Abstract

Aim: A comparison study was conducted to explore the best internationally available adjuvant that could be used in
production of a highly potent foot and mouth disease (FMD) vaccine, that could stimulate a strong immune response and
possibly give greater protection against FMD.

Materials and Methods: Four experimental batches of trivalent FMD vaccine were prepared with different available oil
adjuvants which included Montanide ISA 201, 206, 61 and 50.

Results: The results indicated that vaccines emulsified using Montanide ISA 201 and Montanide ISA 206 adjuvants elicited
a protective humoral immune response from the 2™ week postvaccination (WPV) as for ISA 201 with serum neutralization
test (SNT) and enzyme-linked immune sorbent assay (ELISA) antibody titers of 1.624+0.047* and 1.84+0.0492, 1.594+0.076* and
1.836+0.077%, and 1.71+0.06° and 1.96+0.074* for serotypes O, A, SAT2, respectively, and for ISA 206 at SNT and ELISA
antibody titers of 1.5+0.082% and 1.84+0.084%, 1.56+0.037* and 1.818+0.052¢, and 1.5+0.106" and 1.81+0.104** for FMD virus
serotypes O, A and SAT2, respectively. For ISA 61 and ISA 50, the protective antibody titer appeared in the 3 WPV. In the
ISA 61 FMD vaccine, SNT and ELISA titer were 1.59+0.076* and 1.9+0.094%, 1.53+0.056 and 1.83+0.070%, and 1.5+0.082¢
and 1.84+0.094* for serotypes O, A and SAT?2, respectively, and in the case of ISA 50 FMD vaccine, the SNT, and ELISA
titer were recorded for serotypes O, A and SAT?2 respectively, 1.59+0.037* and 1.8+0.030?, 1.68+0.056** and 1.916+0.065%,
and 1.65+0.082% and 1.9+0.09%. On estimating the cellular immune response, the highest delta optical density levels for ISA
201 (0.395-0.460) and ISA 206 (0.375-0.428) were observed on 14 and 21 days post vaccination (DPV) respectively, while the
highest levels of lymphoproliferation for ISA 61 (0.375-0.455) and ISA 50 (0.411-0.430) were on 21 and 28 DPYV, respectively.

Conclusion: The duration of immunity from Montanide ISA oils (201, 206, 61 and 50) FMD vaccines is a long-lived immunity
which ranged between 32 and 38 weeks post vaccination but the Montanide ISA 201 FMD vaccine is superior to the others in
the rapid cellular immune response of the vaccinated animals which showed its highest level within 14 days post vaccination.

Keywords: cellular immunity, FMD Montanide ISA vaccines, SNT, ELISA.

Introduction the antigen payload, but also on the adjuvant used in
the vaccines so as to protect the susceptible animals in
routine and outbreak situations [5].

The oil adjuvant has the capability for generat-
ing a rapid, high and long-lasting immune response.
Generally, the Montanide series of oil adjuvants
(SEPPIC, France) has a clear immunological effect
for inactivated vaccine in different susceptible ani-
mals [6,7]. The ability to stimulate a serotype specific
immune response is an important factor in protecting
the livestock from infection. Cell mediated immu-
nity is also important as it can inhibit the subclinical
infection in animals, as half of the vaccinated cattle
exposed to infection can be a persistently [8,9].

In Egypt, the disease is enzootic and many out-
breaks have been reported since 1950. FMD serotypes
SAT2, A, and O were last reported in 1950, 1972, and
2000, respectively [10]. The FMDYV serotype O was the
most prevalent since 1960 and onward [11,12]. FMDV

Foot and mouth disease (FMD) is an infectious
disease of cattle, buffalo, sheep, goats, pigs, and also
wild cloven-hoofed animals. FMD virus (FMDV) is
the cause of the disease. The virus has seven serolog-
ical types, identified as; O, A, C, SAT1, SAT2, SAT3
and Asial [1,2]. FMD is characterized by fever, lame-
ness and vesicular lesions on the feet, tongue, snout,
and teats, with high morbidity and low mortality [3].

Control of FMD through effective vaccination
of susceptible animals is considered to be the corner
stone to eliminate the disease in endemic areas, but it
is considered very difficult as the FMDV is an airborne
transmitted virus, contagious nature of the disease [4].

Continuous improvement must be done to the
vaccine formulations to obtain highly immunogenic
vaccine, and such improvement not only depend on
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serotype A was reintroduced into Egypt during 2006
through live animal importation where sever clinical
signs were recorded among cattle and buffaloes [13].
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In addition, serotype SAT2 of FMDV was later intro-
duced into Egypt during 2012, also through the impor-
tation of live animals [14]. In Egypt and many other
countries, live animal importation is considered as the
main risk factor for new outbreaks in Egypt [4]. The
in-house produced vaccine by Veterinary Serum and
vaccine Research Institute (VSVRI) is the Montanide
ISA 206 trivalent inactivated vaccine which consists
of three FMDYV serotypes (O Pan Asial, A Iran O5 and
SAT2/EGY/2012).

Vaccine adjuvant is very important factor which
stimulate specific components of either humeral
or cell-mediated immune response [15]. Selecting
the ideal or the most suitable adjuvant is one of the
important tools in improving the efficacy of the FMD
vaccine. An ideal adjuvant is one which can stimu-
late the humeral immune response early (onset), and
promote production of high antibody titers (strength/
intensity) that would last long (duration). It should
also stimulate the cellular immune response [4,5].

The present study compared different oil based
adjuvants that are used in FMD vaccine formulation,
on the level of both humoral and cellular immune
response. The oil adjuvants were Montanide ISA 201,
ISA 61 and ISA 50, and ISA 206.

Materials and Methods

Ethical approval

The experiments were carried out according to
the protocol of Institutional Animal Ethics Committee
and the authors had a permission of the animal owners
at the private farms.

Animals

Twenty five apparently healthy native male
breed cattle of 1.5 years old of about 300-400 kg body
weight from Fayoum farm were used. These cattle
were found to be free from antibodies against FMDV
serotypes A Iran O5, O Pan Asial, SAT2/EGY/2012
as screened by serum neutralization test (SNT) and
ELISA. The trivalent FMD oil vaccine was inoculated
I/M at a dose of 3 ml/animal. A 1 ml dose contain 10°
of the FMDYV serotypes contained in the vaccine A
Iran OS5, O Pan Asial, SAT2/EGY/2012 (Figure-1).

Suckling baby mice

Fifty suckling Swiss baby mice, 2-4 days old,
clinically free from any microbial disease signs
(Charles River Strain, USA) were used for the safety
of the inactivated antigen.

Samples
Serum samples

A total of 1 and 2 sera samples were collected
from the 20 cattles to be vaccinated and 5 un-vac-
cinated controls prior to vaccination respectively
(Day 0). Sera were collected from the cattle every
week until 4" weeks, every 2 weeks for 16 weeks,
every 4 weeks until 32" weeks, and lastly, every
2 weeks until the end of the experiment at 42" weeks.

Cell culture

Baby Hamster kidney cell line (BHK,)) clone 13
obtained from VSVRI, Abbasia, Cairo using Eagl’s
medium with 8-10% bovine serum as described by
Xuan et al. [16] were used for SNT, virus titration and
vaccine preparation.

Viruses

FMDYV strains

Local FMDV serotypes O Pan Asial, A Iran O5
and SAT2/EGY/2012 were utilized in the experiments.
Which was isolated from field and propagated in
BHK,, cell line in monolayer cultures for preparation
of virus fluid at the Department of FMDs Research,
VSVRI, all serotypes were confirmed by world refer-
ence laboratory for FMD, Pirbright London, UK.

Virus infectivity and antigenicity

The virus titration was carried out by micro-
neutralization in BHK, tissue culture for the three
serotypes and the infectivity titer was calculated and
expressed in log, 50% tissue culture infectious dose
(TCIDy) as described by Reed and Muench [17] and
the complement fixation test was carried out accord-
ing to Health Protection Agency [18].

Virus purification

Aseptically, the harvested culture medium from
FMDV infected BHK, cell cultures was centrifuged
in a cooling centrifuge at 3000 rpm for 20 min to
remove cell debris [19].

Virus inactivation

FMDV (O Pan Asial, A Iran OS5, and
SAT2/EGY/2012) of the seventh passage on BHK,
monolayer with an infectivity titer of 10° TCID, /dose.
Inactivation was achieved by using a combination
of 1 mM binary ethyleneimine (BEI) and 0.04%
formaldehyde according to the method described by
Barteling and Cassim [20], Ismail ef al. [21] sodium

25 cattle

1 I
Scattle Scattle
Vaccinated with FMD Vaccinated with FMD
inactivated ISA201 ol inactivated ISA206 oil
yaccine yaccine

Figure-1: Classification of experimental cattle.
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thiosulfate 20% was added to the virus samples to the
inactivated virus to neutralize the BEI in a final con-
centration of 2%. Sodium bisulfite 20% was added
after inactivation process to neutralize the excess of
formalin in final concentration of 2%.

Concentration of the FMDV serotypes

The tissue culture viral fluids of the three sero-
types (O Pan Asial, A Iran O5 and SAT2/EGY/2012)
were centrifuged at 7000 revolution/min for 30 min
and then concentrated by polyethylene glycol-6000 to
reach to 1/10 of their original volumes [19].

Formulation of the prepared vaccines
The vaccine formulation was done according to

Gamil [22]:

e Vaccine 1: Trivalent
Montanide ISA 201

e Vaccine 2: Trivalent
Montanide ISA 206

e Vaccine 3: Trivalent
Montanide ISA 61

e Vaccine 4: Trivalent
Montanide ISA 50.

Evaluation of the prepared vaccine formulations
Sterility and safety testing

inactivated FMD with

inactivated FMD with

inactivated FMD with

inactivated FMD with

The prepared vaccines were tested for free-
dom from aerobic and anaerobic bacteria; fungal and
mycoplasma contaminants. The 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 according to OIE [23], Khushi ef al., [24].

Evaluation of the humeral immune response to the
different prepared FMD vaccine

Serum samples collected from the vaccinated
and nonvaccinated cattle were tested for the presence
of antibody titers against the three serotypes of FMDV
(O Pan Asial, A Iran O5 and SAT2/EGY/2012) by
SNT using the technique described by Ferreira [25]
and indirect ELISA according to Voller et al. [26].

Stimulation of the cellular immune response by the
different prepared FMD vaccine was evaluated using
the lymphocyte proliferation test according to Lee [27].

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 %. The
results represent the average of five replicates and are
presented as the mean =+ standard error.

Results and Discussion

FMD vaccines can be defined as a fixed for-
mulation of defined amount of one or more chemi-
cally inactivated cell culture derived preparation of
a seed virus strains bended with a suitable adjuvant.
Selecting the suitable vaccine formulation is depen-
dent on several factors as the onset of protection, the
intensity (titer) of protecting antibody, the duration of
protection against FMD.

The vaccine formulations were prepared from three
serotypes of FMDV (A IranO5, O Pan Asia, and SAT2/
EGY/2012), and it was free from aerobic and anaerobic
bacteria; fungal and mycoplasma contaminants. So, the
formulated vaccines are safe for animal use.

One of the main factors in selecting the suitable
adjuvant is the viscosity of the oil adjuvant used as one
of the major drawbacks of the oil adjuvant vaccine is
that their use can results in undesirable side effects as
granulomas and cysts. The viscosity of the oil adju-
vants used in this comparative study (Table-1), as
stated by the manufacture (Seppic, Paris) is 30 mPa.s
at 25°C for the Montanide ISA 201 and ISA 206 and
35 mPa.s at 25°C for the Montanide ISA 61, but the
viscosity for the Montanide ISA 50 is 200 mPa.s at
25°C. It has been suggested that the use of oils used
as adjuvants should be of low viscosity as stated by
Bomford [28].

Tracing the antibody titer against FMDV serotype (O)

The SNT and ELISA data (Table-2; Figures-2
and -3) show differences in the onset, intensity and
duration of the FMD serotype O antibodies elicited
by the different vaccine formulations. Concerning the
onset of protection, it is clear that ISA 201 protection

3.5

—201 —206 —61 —50

Antibody titer expressed in log,,

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Weeks post vaccination

Figure-2: Tracing of antibody titer against foot and mouth
disease virus type (O) in different oil vaccines estimated by
serum neutralization test.

Table-1: Different types of FMD vaccine formulation used in the study.

Vaccine component Vaccine 1 Vaccine 2 Vaccine 3 Vaccine 4
Antigen FMDV (O Pan Asial, A Iran 05 and SAT2/EGY/2012)

Adjuvant (montanide) ISA 201 ISA 206 ISA 61 ISA 50
Type of emulsion Water-in-oil-in-water Water-in-oil-in-water Water-in-oil Water-in-oil
Oil viscosity at 25°C (mPa.s) 30 30 35 200
FMDV=Foot and mouth disease virus

Veterinary World, EISSN: 2231-0916 1191



Available at www.veterinaryworld.org/Vol.8/October-2015/6.pdf

1593 abueld ajdnnjnw s,ueounq 03 buipiodde gO'O>d 1B SJUBWIRDI] JUDIDLIP UDDMIDQ SOUdIaIp Juediubis a1edipul S19119)

JUSI3YIP ‘SNUIA 3Seasip yinow pue J004=Ad4 40413 plepueis=3S ‘uoijeurddeA 3sod %33 =AdM ‘ABSSe JuSqgJos sunwiwi payul] sWAzug=ySI13 ‘3S9] Uoniez||elinau WwnisasS=NS

6S0°0F9LT'T aT9S0°0F€6°0 e/0T'0FC98'0 e90T'0F9°0 aeC60°0F9T0'T e/80°0F84°0 qC80°0F8C'T a€£0°0FC0'T (4%
e690°0F90S5'T e9/0°0F9C'T e60°0FCCS'T eCO0T'0F9C'T =E£60°0F98C'T eC80°0FS0'T e980°0FCS'T e9/0°0F9C'T (014
a¥S0°0FC8'T a/l¥0'0FS'T q980°0FCL9'T aeCOT'0FTIV'T 2960°0F90¥'T e/80°0FLT'T ae780°0FT9'T aeC80'0FSE'T 8¢
a§90°0F970°¢C qa€L0°0FLL'T e/0°0FC9L'T >¢80°0FS'T =€0T'0F98S'T eG60°0FSE'T e980°0FL9'T e9/0°0FTP'T 9¢€
>890°0F9€T'C >9/0°0F68'T »q/¥0'0FCEOD'C 2q990°0FLL'T eT80°0F9L9°T 9L0°0F PP’ T €¥0°0FT6'T a/P0'0FSO'T 123
aI60°0F9TEC aT'0FL0°C 8TT'0FC0E"C qCCT'0F10°¢ e€0T'0F8'T eS60°0FS'T 8S0°0FLT ¢ q950°0F¢6'T [43
a860°0F985°¢ aCTT'0FPE'C a€60°0FCSP'C aeC0T'0F6T'¢C e880°0F9¢CT'¢C e60°0F68'T abPT0FISC alPT'0FSC'C 8¢
5680°0F9P6°¢C eS60°0FL°¢C qe/0°0FC99°¢ eC80°0FP'¢C e660°0F95¥'C 0TT'0FCC'¢C 29990°0FCL'C ae9L0°0F91'C 144
qTCT'0F9CT'E q90°0F88'¢ qeCS0°0FC06°¢C ae90'0F¥9'¢C e560°0F969°C eCO0T'0F9¥°C ae990'0F€E6'C ae€/0°0FL9°C 0¢
50£0°0F905°€ q€80°0F9C’E €P0'0FCPT'E 295°0F88°¢ =TOT'0F906°C =0T'0F£9°¢C aeP/0°0FTT'E =¢80°0FS8°¢C 9T
q¢¥0°0F90€°€E 2q/€0°0F90°€E 2LEQ'0FCLYE 2LEQ'OFTCE e8950°0F9¢0°€ e90°0F64°¢C 9990°0F€EC’E 9€L0°0FL6°C 14"
q50°0F90¢C’€ q9950°0F96°¢ 1€50°0F¢0cC’E 90'0F¥6°C E€Y0°0F966°C e/E0°0F9L°C alE0'0FCE'E alEQOFT'E [
ae?80°0F9€0°€E a29£0°0F6L°¢C €0 0FCPT'E q950'0F88°¢ e€0'0F9/£8°¢C e90°0F¥9°¢C ae?0T'0F96°C ae560°0FL'C 0T
ae?80°0F9S8°¢C ae60'0FT19°C a€¥0°0FC66'C 9950°0F€EL'C e880°0F9¢/L'¢C e920°0F6¥°C aeS/Z0'0F1I8'C ae/90'0FSS'C 8
e8Y0°0F904°¢C e90°0F9%°¢ e/60°0FCI8°¢C >S§60°0FSS°¢ eG/0°0F9PS'C e90'0FTEC e8CT'0FLS'C eCCT'0FTEC 9
=00T°0F6¢C°C eC0T'0F¥0°C q9£40°0F99°¢C a/90°0F¥'¢ 2/80°0F8¢C°C e9/0°0F¥0°¢ =0£0°0FTC°¢C e/90°0FS6°T 14
=0€0°0F8'T e/EQ'0F6S'T e¥60°0F6°T e9/0°0F6S'T 0T 0FC eS60°0F8'T eSP0°0FC eLEQ0OFPL'T €
eSP0°'0F99°T LEQOFTIV'T P T'0FPI'T e6CT'0F8E'T ¥80°0F¥8'T eC80°0FS'T e670'0F8'T e/P0°0FCO'T 4
>8€0°0F90S'T 2/E0°0F9C'T ae00'0FCET'T a°€L0°0F£L8°0 e660°0F9¢6°0 e60°0F69°0 a/L0°0FCC'T a/L0°0FSE'T T
9TT'0F9°0 eC0T'0F9€°0 6T°0F¥'0 eCT'0F8T°0 eCOT'0F¥'0 e880°0F8T°0 e€¥0°0F9°0 e/¥0°0FE0 0
ISFVSIT3 UedW  JISFILNS UBdW  JISFVSITd UBSIN ISFLINS UBSW ISFVSITd UBSW  ISFLINS UBSW  JISFVSIT3 UBSIN  ISFLNS UEBSNW AdM

0S VSI

T9 VSI

90¢C vSI

T10C vSI

auiddeA jo adA

'VSI13 pue INS Aq pajewilss sauiddeA |10 Jualayip ul (O) @dA} AdW4 Isulebe uayl Apoqgiue jo Bupel) :z-ajqel

1192

Veterinary World, EISSN: 2231-0916



Available at www.veterinaryworld.org/Vol.8/October-2015/6.pdf

titer (1.62+0.047* as SNT and 1.8+£0.049* as ELISA)
and ISA 206 (1.5+0.082* as SNT and 1.84+0.084*
as ELISA) appear in the 2™ week post vaccination
(WPV) while ISA 61 and ISA 50 appear later in the
34 WPV (1.59+0.076* as SNT, 1.940.094* as ELISA
for ISA61 and 1.59+0.037* as SNT, 1.8+0.030° as
ELISA for ISA 50). These results came parallel to the
results described by Dong et al. [29] who mentioned
that the ELISA antibodies against FMDYV type O were
compared between the 2 oil 201, 206. The antibody
titer induced by 201-vaccine were higher than which
of 206-vaccine on 3dpv, 7dpv, 14dpv, 21dpv, 28dpv.
This means that the effect of 201-vaccine in inducing
antibody is better than which of 206-vaccine. The pro-
tective antibody titer of FMD using SNT is 1.5 log,,
and by ELISA 1.8 log , according to OIE [23].

Tracing the antibody titer against FMDV serotype (A)

Table-3 and Figures-4 and -5 tabulates and
depicts FMDV serotype A antibody titers as mea-
sured by SNT and ELISA elicited by different vac-
cine formulations. With regards to the onset of pro-
tection, it is clear that ISA 201 and ISA 206 protection
titer appear in the 2™ WPV (1.59+0.076 as SNT and
1.836+0.077* as ELISA for ISA 201, 1.56+0.037* as
SNT and 1.818+0.052* as ELISA for ISA 206). While
ISA 61 and ISA 50 appear later in the 3 WPV. The
protection titer in case ISA 61 were 1.53+0.056* as
SNT, 1.83+£0.070% as ELISA and 1.68+0.056** as SNT,
1.916+0.065*° as ELISA for ISA 50.

—201 —206 —61 —50

Antibody titer expressed in logo
N

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Weeks post vaccination

Figure-3: Tracing of antibody titer against foot and mouth
disease virus type (O) in different oil vaccines estimated by
enzyme-linked immune sorbent assay.
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Tracing the antibody titer against FMDV serotype
(SAT2)

On analyzing the data in Table-4 and Figures-6
and -7 which trace the antibody titer against FMDV
serotype SAT2.

Concerning the onset of protection, it is clear
that ISA 201 and ISA 206 protection titer appear in the
2" WPV, but there is statistically significant difference
in the antibody titer (intensity) as ISA 201 (1.71+0.06°
as SNT and 1.96+0.074° as ELISA) gave more titer
than ISA 206 (1.5+0.106* as SNT and 1.81+0.104*°
as ELISA) while ISA 61 and ISA 50 appear later in
the 3@ WPV (1.5£0.082% as SNT and 1.84+0.094*

Antibody titer expressed in log,
N

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Weeks post vaccination

Figure-5: Tracing of antibody titer against foot and mouth
disease virus (A) in different oil vaccines estimated by
enzyme-linked immune sorbent assay.

9
]

2.5

-

Antibody titer expressed in log,o

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Weeks post vaccination

Figure-6: Tracing of antibody titer against foot and mouth
disease virus type (SAT2) in different oil vaccines estimated
by serum neutralization test.
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Figure-4: Tracing of antibody titer against foot and mouth
disease virus type (A) in different oil vaccines estimated by

serum neutralization test.

Figure-7: Tracing of antibody titer against foot and mouth
disease virus type (SAT2) in different oil vaccines estimated
by enzyme-linked immune sorbent assay.
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as ELISA for ISA 61 and 1.65+0.082* as SNT and
1.9+0.09* as ELISA for ISA 50). These results may
be attributed to the mode of action of oil adjuvants
which delaying the absorption of antigen and stimu-
late mononuclear cells to produce antibodies at local
and distant sites so elicit both humoral and cellular
immunity [30].

The SNT and ELISA antibody titer against
FMDV serotype O, A and SAT?2 are negative along the
whole experiment (42 weeks) in the non vaccinated
control cattle.

From Tables-2-5 concerning the duration of pro-
tective immunity for FMD serotypes (O Pan Asial,
A Iran O5, and SAT2/EGY/2012), there were a sig-
nificant difference among the different types of oil
adjuvants used, where the protective antibodies were
detected until 32", 34" 36" and 38" WPV for ISA
206, ISA 201, ISA 61, and ISA 50, respectively. These
results were agreement with Fakhry et al. [31] who
concluded that the FMD duration of immunity elicited
by Montanide oils ISA 206 and ISA 50 reach 32 and
38 WPV respectively.

Cell mediated immunity is a component of an
animal’s immune response to FMDYV infection and
vaccination. Stimulation of cell mediated immune
response was evaluated using the lymphocytic pro-
liferation assay, expressed as delta optical density
(AOD), for all the vaccine groups [32,33].

The AOD of all vaccinated groups were demon-
strated from the 3™ till the 35" day post vaccination
(DPV) (Table-6). The AOD of'the nonspecific mitogen,

phytohemagglutinin, and specific mitogens, FMDV
(as) on the third DPV were 0.275-0.365, 0.245-0.295,
0.255-0.335 and 0.220-0.265 for Montanide ISA 201,
206, 61 and 50 respectively.

The highest AOD levels for ISA 201 (0.395-
0.460) and ISA 206 (0.375-0.428) were observed on
DPV 14 and 21, respectively, while the highest levels
of lymphoproliferation for Montanide ISA 61 (0.375-
0.455) and ISA 50 (0.411-0.430) were on DPV 21 and
28 accordingly. These results were partly in agreement
with El-Watany et al. [34], Mansour [35], Samir [36],
El-Din et al. [37] in that FMD vaccine stimulated the
cellular immune response, and lymphocyte stimula-
tion by FMDV was greater than by mitogens (phyto-
hemagglutinin) and increased on 14 DPV. Moreover,
the cellular immune response results clearly indicate
that Montanide ISA 201 showed its highest levels on
14 DPV, followed by Montanide ISA 206 and ISA 61
on 21 DPV and ISA 50 on DPV 28.

Conclusion

It was clear that the duration of immunity from
Montanide oils (201, 206, 61 and 50) FMD vaccines is
a long-lived immunity which ranged between 32 and
38 weeks post vaccination, but the Montanide ISA 201
FMD vaccine is superior to the others in the rapid cellu-
lar immune response of the vaccinated animals which
showed its highest level within 2 weeks. Further, stud-
ies are recommended to evaluate the effect of these
Montanide oils on other cellular immune components
such as the interferon, interleukin, and 1G2a.

Table-5: Summary for the previous results of the onset and duration of immunity in vaccinated calves with inactivated
trivalent FMD vaccine with different oil adjuvants against serotypes (O, A and SAT2).

Type of vaccine

Onset SNT antibody ELISA antibody Peak SNT antibody

ELISA antibody Duration of

at titer titer at titer titer immunity
week week
o A SAT2 O A SAT2 o A SAT2 O A SAT2

Montanide ISA 201 2™ 1.62 1.59 1.71 1.8 1.836 1.96 12" 3.1 3 3.09 3.32 3.276 3.34 34
oil vaccine
Montanide ISA 206 2™ 1.5 1.56 1.5 1.84 1.818 1.81 14% 2,79 2.73 2.79 3.026 2.966 3.03 32
oil vaccine
Montanide ISA 61 3¢ 159 1.53 1.5 1.9 1.83 1.84 14% 3.21 3.24 3.27 3.472 3.488 3.53 36
oil vaccine
Montanide ISA 50 3¢ 159 1.68 1.65 1.8 1.916 1.9 16" 3.26 3.21 3.24 3.506 3.446 3.49 38
oil vaccine

FMD=Foot and mouth disease, SNT=Serum neutralization test, ELISA=Enzyme linked immune sorbent assay

Table-6: Cellular immune response expressed as AOD of cattle vaccinated with different oil adjuvanated trivalent FMD

vaccines.

Oil adjuvant Mitogen and Percentage of lymphocyte proliferation/days post vaccination
used virus 3rd 7th 14lh 21th 28th 35th

Montanide ISA 201 oil vaccine PHA 0.275 0.311 0.395 0.344 0.285 0.214
FMDV 0.365 0.438 0.460 0.441 0.351 0.272

Montanide ISA 206 oil vaccine PHA 0.245 0.310 0.344 0.375 0.295 0.211
FMDV 0.295 0.315 0.395 0.428 0.321 0.251

Montanide ISA 61 oil vaccine PHA 0.255 0.310 0.335 0.375 0.260 0.219
FMDV 0.335 0.395 0.435 0.455 0.335 0.291

Montanide ISA 50 oil vaccine PHA 0.220 0.295 0.341 0.365 0.411 0.295
FMDV 0.265 0.314 0.364 0.396 0.430 0.323

FMDV=Foot and mouth disease virus, PHA=Phytohemagglutinin, AOD=Delta optical density,

Veterinary World, EISSN: 2231-0916 1196



Available at www.veterinaryworld.org/Vol.8/October-2015/6.pdf

Authors’ Contributions

EEI: Preparation of BHK21 cell culture, Titration
of FMDYV serotype O Pan Asia, Formulation to triva-
lent FMD Montanide ISA 201 oil vaccine, apply SNT
and ELISA on the serum samples, make statistical
analysis, write the manuscript and follow up the publi-
cation process, the corresponding author for research.

WMG: Inoculation of TC with FMDYV serotype A
IranO5 and sharing in titeration and inactivation pro-
cess for FMDYV serotype A IranOS5, Formulation to tri-
valent FMD Montanide ISA 206 oil vaccine and apply
SNT and ELISA on the serum samples and write the
manuscript and sharing in publication.

AIH: Inoculation of TC with FMDV sero-
type SAT2/EGY/2012 and sharing in titeration and
inactivation process for FMDV serotype SAT2/
EGY/2012, Formulation to trivalent FMD Montanide
ISA 50 oil vaccine and apply SNT and ELISA on the
serum samples.

SEM: Inoculation of TC with FMDYV serotype O
Pan Asia and sharing in titeration and inactivation
process for FMDYV serotype O Pan Asia, Formulation
to trivalent FMD Montanide ISA 61 oil vaccine and
apply SNT and ELISA on the serum samples.

AZH: Preparation of BHK21 cell culture,
Formulation to trivalent FMD Montanide ISA 201 oil
vaccine, vaccinated all groups with different formu-
lated vaccines, collection to all sera samples, apply
SNT and ELISA on the serum samples

MMA Helped in write the manuscript and fol-
low up all the procedure of preparation and evaluation
of vaccines. All authors read and approved the final
manuscript.

Acknowledgments

The authors are thankful to Prof. Dr. Sayed
Zeidan Director of VSVRI, and all members of
FMD department. Furthermore, thanks to Prof.
Dr. Mohamed Hassan Khoudier, and Prof. Dr. Khayrat
Abdel Mageed Elian for reviewing this work. Also
many thanks for “Seppic, France” company for sup-
porting us with different Montanide oils.

This work was funded by Veterinary Serum and
Vaccine Research Institute, Abbasia, Cario, Egypt.

Competing Interests

The authors declare that they have no competing
interests.

References

1. Depa, P.M., Dimri, U., Sharma, M.C. and Tiwari, R. (2012)
Update on epidemiology and control of foot and mouth dis-
ease — A menace to international trade and global animal
enterprise. Vet. World, 5(11): 694-704.

2. Longjam, N., Deb, R., Sarmah, A K., Tayo, T., Awachat, V.B.
and Saxena, V.K. (2011) A brief review on diagnosis of foot
and- mouth disease of livestock: Conventional to molecular
tools. Vet. Med. Int., 2011: 905768.

3. Rodriguez, L.L. and Grubman, M.J. (2009) Foot and mouth
disease virus vaccines. Vaccine, 27 Suppl 4: D90-4.

4, Daoud, H.M., Ibrahim, E.E., EI-Din, W.M.G. and

10.

I1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Hassanin, A.ILH. (2013) Preparation of foot and mouth dis-
ease trivalent vaccine type A, O, SAT2 and determination
of the Guinea pig protective dose 50 (GPPD,). Vet. World,
6(11): 844-851.

Ibrahim, E.E. (2011) Advanced studies on Foot and Mouth
Disease Vaccines of sheep in Egypt. PhD.Sc. Thesis
(Infectious Diseases), Faculty of Veterinary Medicine,
Cairo University, Egypt.

Dara, P., Kalaivanana, R., Sied, N., Mamo, B., Kishore, S.,
Suryanaraya, V.V. and Kondabattula, G. (2013) Montanide
ISA™ 201 adjuvanted FMD vaccine induces improve-
dimmune responses and protection in cattle. Vaccine J.,
31:3327-3332.

Patil, PK., Boyry, J., Ramoikrishna, C., Hugar, B.,
Misrol, L.D. and Natarajan, C. (2002) Immune response of
goats against FMD quadrivalent vaccine: Comparison of
double oil emulsion and aluminium hydroxide gel vaccine
in eliciting immunity. Vaccine, 20: 2671-2789.
Alexandersen, S., Zhang, Z., Donaldson, A.l. and
Garland,A.J. (2003) The pathogenesis and diagnosis of foot
and mouth disease. J. Comp. Pathol., 129: 1-36.

Sutmoller, P. and Gaggero, A. (1965). Foot-and mouth dis-
eases carriers. Vet. Rec., 77: 968-969.

Aidaros, H.A. (2002) Regional status and approaches to
control and eradication of FMD in the Middle East and
North Africa. Rev. Sci. Tech. Off. Int. Epizoot., 21(3):
451-458.

Farag, M.A., Aggour, M.A. and Daoud, A.M. (2005) ELISA
as a rapid method for detecting the correlation between the
field isolates of foot and mouth disease and the current used
vaccine strain in Egypt. Vet. Med. J. Giza., 53(4): 949-955.
Satya, P. (2009) Vaccination against foot-and-mouth disease
virus: Strategies and effectiveness. Expert Rev. Vaccines,
8(3): 347-365.

Abed El-Rahman, A.O., Farag, M.A., El-Kilany, S.,
Ali, S.M. and Yazed, M.A. (2006) Isolation and identifica-
tion of serotype O of foot and mouth disease virus from
imported Bulls and its correlation to the current used vaccine
strain O /3/1993. Proceeding 3™ International Conference
Veterinary Research Division. NRC, Cairo, Egypt, p91-100.
Shawky, M., Abd El-Aty, M., Fakry, H.M., Daoud, H.M.,
El-Sayed, L.E., Mossad, G.W., Rizk S.A., Abu-Elnaga, H.,
Mohamed, A.A., Abd El-Kreem, A. and Farouk, E.M.
(2013) Isolation and molecular characterization of foot and
mouth disease SAT2 virus during outbreak 2012 in Egypt.
J. Vet. Adv., 3(2): 60-68.

Lombard, M., Pastoret, P.P. and Moulin, A.M. (2007) A
brief of vaccines and vaccination. Rev. Sci. Tech., 26(1):
29-48.

Xuan, H., Li, Y., Fang, H. and Zheng, C. (2011)
Establishment of persistent infection with foot and mouth
disease virus in BHK,, cells. Virol. J., 8: 169.

Reed, L.J. and Muench, H. (1938) A simple method of esti-
mating 50% end points. Am. J. Hyg., 27: 493-497.

Health Protection Agency. (2009) Complement fixation
tests. Issue No.: 3 Issue date 11.12.09 Issued by: Standards
Unit, Department for Evaluations, Standards and Training
page 1 of 23.

Killington, P.A., Stokes, A. and Hierolzer (1996) Virology
Methods Manual. Ch. 4. Academic Press, New York.
p72-89.

Barteling, S.J. and Cassim, N.I. (2004) Very fast (and safe)
inactivation of FMD virus and enteroiruses by a combina-
tion of binary ethylenimine and formaldehyde. Schudel, A.,
Lombard, M. editors. Control of Infections Animal Disease
by Vaccination. Vol. 119. Kager, Basel. p449-455.

Ismail, A.H., El-Mahdy, S.A., Mossad, W.G.,
Abd El-Krim, A.S., Abou El-Yazid, M. and Ali, S.M. (2013)
Optimization of the inactivation process of FMD virus sero-
type SAT-2 by Binary Ethyleneimine (BEI). J. Vet. Adv,
3(3): 117-124.

Gamil, M.A. (2010) Studies on the immune response of

Veterinary World, EISSN: 2231-0916

1197



Available at www.veterinaryworld.org/Vol.8/October-2015/6.pdf

23.

24.

25.

26.

27.

28.

29.

30.

calves vaccinated inactivated bivalent FMD virus vaccine
type O/1 and A/Egypt 2006. M.V.Sc. in Veterinary Science
(Virology). Benha University.

OIE. (2013) OIE/FAO Foot-and-Mouth Disease Reference
Laboratory Network, Annual Report, 2013.

studies on emergency FMD vaccines formulated with
Mantonide IMS (immnuosol), a new concept in oil adju-
vant), European commission for the control of FMD,
Aldershot, United Kingdom,14-18, September, Appendix,
37:268-271.

Muhammad, K., Chaudhry, Z.1., Rabbani, M., Altaf, I., 31. Fakhry, HM., Rizk, S.A., Abu-Elnaga, H.1., Deghaidy, W.,
Tariq, M.A. and Anees, M. (2011) In process quality control Talaat, A.A. and Hegazi, A.Z. (2012) Field application of
factors affecting potency of foot and mouth disease virus bivalent foot and mouth disease vaccine adjuvanted with
vaccine. Pak. J. Zool., 43(2): 249-254. Montanide ISA (25, 50, 206) and IMS (1113-3015) as an
Ferreira, M.E.V. (1976) Prubade microneutraliza- alternative to aluminum hydroxide gel. Egypt. J. Virol.,
tion poraestudies de anticueropos de la fibre aftosa. 9(1): 123-136.
13" Centropanamericano Fibre aftosa, (21/22): 17-24. 32. Knudsen, R.C., Groocock, C.M. and Andersen, A.A.
Voller, A., Bidwell, D. E., and Bartlett, A. (1976b). (1979) Immunity to foot-and-mouth disease virus in guinea
Microplate enzyme immunoassays for the immunodiagno- pigs: Clinical and immune responses. Infect. Immun.,
sis of virus infections. In Manual of Clinical Immunology, 24(3): 787-792.
Chapter 69, edited by N. Rose and H. Friedman, pp. 506- 33.  Sharma, S.K. (1984) Foot and mouth disease in sheep and
512. American Society for Microbiology. goat. Vet. Res. J., 4(1): 1-21.
Lee, L.F. (1984) Proliferative response of chicken B and T 34. El-Watany, H., Shawky, M.M., Roshdy, O.M. and
lymphocytes to mitogens. Chem. Regul. Immun. Vet. Med., El-Kelany, S. (1999) Relationship between cellular and
15: 44-52. humoral immunity responses in animal vaccinated with
Bomford, R. (1997) Adjuvants in veterinary vaccines In: FMD vaccine. Zagazig Vet. J., 27(1): 49-57.
Mowat, N., Rweyemamu, M., editors. Vaccine Manual: The 35.  Mansour, A. (2001) Some studies on the effect of myco-
Production and Quality Control of Veterinary Vaccines for toxins on immune response of FMD vaccinated animals.
Use in Developing Countries. FAO, Rome. p277-284. Ph. D. Thesis (Infectious Diseases). Faculty of Veterinary
Dong Li, Chunxue Zhou, Daliang She, Pinghua Li, Pu Medicine, Cairo University.
Sun, Xingwen Bai, Yingli Chen, Baoxia Xie, Zaixin Liu 36. Samir, M.A.A. (2002) Studies on preparation of newly oil
(2013) The comparison of the efficacy of swine FMD vac- adjuvanted FMD vaccine. Ph. D. Thesis (Virology), Faculty
cine emulsified with oil adjuvant of ISA 201 VG or ISA of Veterinary Medicine, Cairo University.
206 VG, Journal of Biosciences and Medicines, 2013, 1, 37. El-Din, WM., Ibrahim, E.E., Daoud, H. and Ali, S.M.
22-25, http://dx.doi.org/10.4236/jbm.2013.13005 (2014) Humeral and cellular immune response of Egyptian
Barnett, P.V., Pullen, L., Warder, P. and Stathen R.(1998) trivalent foot and mouth disease oil vaccine in sheep. Res.
International bank for FMD vaccine (preliminary Opin. Anim. Vet. Sci., 4(4): 178-185.

skoskeoskoskoskokskok

Veterinary World, EISSN: 2231-0916

1198




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


