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Abstract

The present work aimed to compare the potentials of Alum and CAP as adjuvants and related immune response
to RVFV vaccines candidates inactivated using different inactivants namely, Formalin, Beta-Propiolactone (BPL) and
Ascorbic acid (AA). Potency (ED50) of inactivated vaccines was arranged in the order of BPL (0.006), AA (0.0024),
and formalin (0.011) respectively. Data recorded revealed that BPL inactivated showed a fast inactivating efficacy
and inactivation time was arranged as BPL (2 hrs) followed by formalin (6 hrs) and AA (within 24hrs). BPL — CAP
adjuvanted RVFV vaccine showed a higher and long durative antibody level than that detected post immunization
with the other RFVF vaccine formulations either alum or CAP adjuvanted vaccines. Limited histopathological changes
detected post CAP adjuvanted vaccine compared with that detected post Alum adjuvanted one was detected.

Keywords: RVFV vaccine; Nanoparticle CAP adjuvant; Alum;
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Introduction

Rift Valley fever (RVF) is an arthropod-borne, multi-species
zoonotic viral disease of livestock whose causative agent was first
isolated in the 1930s. It had been exclusively confined to the African
continent, but RVF spread to the Middle East in 2000. The occurrence
of the disease is usually reliant on the presence of susceptible animals,
a build-up of the mosquito vector population (usually associated
with heavy rains) and the presence of the virus. Vaccination has been
used for the control of RVF in southern and East Africa. Two types of
vaccines have been described: Formalin-inactivated RVF vaccines have
been used to immunize animals, laboratory workers, veterinarians and
other people at high risk of exposure to RVFV. The cost of the vaccine
production, the requirement for multiple inoculations required for
protective immune response limit its use just for veterinary purposes
[1]. Outbreaks of RVF in animals can be prevented by a sustained
programme of animal vaccination. Both modified live attenuated
vaccine (Smithburn and MP12 strains) and inactivated (M/S/258 and
ZH-501) virus vaccines have been developed for veterinary use. Only
one dose of the live vaccine is required to provide long-term immunity
but the vaccine that is currently in use may result in spontaneous
abortion if given to pregnant animals. The inactivated virus vaccine
does not have this side effect, but multiple doses are required in order
to provide protection which may prove problematic in endemic areas
[2-4].

An effective vaccine usually requires an adjuvant to increase the
immune response. More than 100 compounds or formulations show
some degree of adjuvant properties [5]. At the beginning of the 20th
century, researchers experimented with a wide variety of organic and
inorganic compounds including aluminium salts, mineral oil, and
killed mycobacteria to improve the immunogenicity of vaccines [3].
The most common adjuvants approved for use in currently licensed
human vaccines are the aluminium based adjuvants [6].

Adjuvants have been necessary to improve vaccine efficacy in order
to afford protection against infections. A key reason for this is that both
attenuated virus preparations and, particularly, recombinant proteins
are often poorly antigenic. In the past decade, several adjuvants have
been evaluated in clinical trials. Calcium phosphate (CAP), MF59,
aluminium (alum) compounds, and virosomes have been approved for

human use in several European countries [7]. In the United States, alum
compounds are the most extensively used adjuvants in licensed vaccines
for humans. Although they effectively enhance immune responses,
there are several disadvantages associated with their use [6,8,9]. The
disadvantages of alum-based adjuvants include the severity of local
tissue irritation, the longer duration of the inflammatory reaction at the
injection site, strong Th2 responses, minimal induction of cell-mediated
immunity, and a propensity to elicit undesirable immunoglobulin
E (IgE) responses [10-12]. Alum compounds have also been shown
to increase the levels of potential undesirable homocytotropic
antibodies in animal species [13]. Furthermore, alum-based vaccines
are frequently ineffective for the induction of antiviral immunity [4].
For these reasons, new adjuvants are being developed to enhance
the immunity against weak antigens. New-generation adjuvants are
designed to induce minimal side effects, enhance the duration of the
immune response, and concurrently stimulate humoral responses.
Furthermore, an ideal adjuvant would be biodegradable, economical,
and simple to manufacture. In addition, it would have the potential to
selectively trigger a defined class of immune response. Nanomaterials
have unique physicochemical properties, such as ultra small size, large
surface area to mass ratio, and high reactivity, which are different from
bulk materials of the same composition. These properties can be used
to overcome some of the limitations found in traditional vaccines [14].
Replacement of aluminium salts with calcium phosphate has long been
described [15]. Efforts with calcium adjuvants have continued, and
work with calcium phosphate nanoparticles has had some preclinical
success [16]. CAP based viral vaccines induce a higher IgG2a response
and a lower IgE response relative to the responses induced by alum
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[17]. So the present work aimed to improve the nanocapsulated RVFV
vaccine using CAP nano particles through use different inactivants
other than the currently used Formalin and BPL concerning virus
inactivation efficacy, prepared vaccine immunogenicity and potential
in the mean time demonstrate the histopathological changes developed
post administration of both Alum and cap capsulated RVFV vaccine.

Materials and Methods

RVFV Strain

RVFV; Pan Tropic - Menya Strain (Menya /Sheep/258) was
kindly provided by Dr. Aly Fahmy, G.M. of Applied research sector
The Holding Company for Biological products, Vaccines and Drugs
(VACSERA), Giza, Egypt. RVFV was of an infectivity titre in the order
of7.5log ,, / ml. Virus seed was propagated intraperitoneally in mice.

Maintenance of cell line and seed stock preparation

Chicken Embryo Related cells (CER), kindly provided by cell
culture department, virology sector. Cell line was maintained [18-19].
Virus seed stock was prepared according to [20], where growth medium
was removed from the CER cell precultured flasks; the monolayer
was washed with sterile PBS, pH 7.2. 5 ml of 100 TCID50 of RVFV
was dispensed to each flask. Bottles were shacked at 15 min interval
for assurance of well virus distribution then 100 ml of maintenance
media were dispensed to each flask. Inoculated flasks were daily
microscopically examined for 7 days for detection of cellular changes
and development of cytopathic effect (CPE). Flasks developed CPE
were freezed and thawed three successive times for virus extraction
[21].

Inactivation of RVFV using chemical inactivants

Ascorbic acid (AA), copper sulphate, Beta propiolactone (BPL)
and Formalin were purchased from (Sigma - Aldrich, USA). AA Stock
solutions (0.1M of copper sulphate and 0.5M of ascorbic acid) were
prepared in sterile distilled water and sterilized by membrane filtration
(Millipore-USA). AA was prepared as [22]; 0.88 gm was dissolved in 10
ml of maintenance medium. PH was adjusted as 5 using 0.1N NaOH [22-
23]. The stock solutions were added to the virus suspension to obtain a
final concentration of 5 mg/ml of copper sulphate and 1.5 mg/ml AA.
The treated virus was incubated at 37°C incubators (Jouan, France)
with continuous stirring. Second aliquot of RVFV was inactivated using
BPL prepared as 0.0035 M [18-19], Cold distilled water diluted BPL
was stepwise dispensed to virus aliquot with continuous stirring. Also,
RVFV was inactivated using 0.2% formalin [20], formalin was diluted
in HBSS pH 7.2 as 40 % final concentration and added to the virus
suspension to obtain at final concentration 0.2 %.

Determination of Inactivation kinetics of RVFV

Inactivation kinetics relatively to time post inactivants treatment
was determined [19-24] where 1 ml of chemically treated virus was
collected at time interval according to the inactivants used. Virus
samples were 10 fold serially diluted 101-108 in MEM-E Prepared
dilutions were dispensed onto precultured CER cell line in 96 well plates
(TPP-Swiss). Infected cultured plates were incubated in CO2 incubator
(Jouan -France). The same virus dilutions were transferred in an ice
water bath to the animal house and intraperitoneally inoculated in
21days old Swiss mice (male weaning mice, 14 -16 gm), 10 /cage. Tissue
culture plates and mice groups were daily examined for detection of
Cytopathic effect (CPE) and signs of illness / mortality. 50 % end point
induced (CPE/mortality) was determined [25]. In case of formalin

treatment, when residual live virus could not be detected Residual
formalin was neutralized using 35% Na-bisulphite as a 0.0289 % final
concentration [21].

Toxicity of chemical inactivants

Toxicity of ascorbic acid (1.5 mg /ml), 0.2 % formaldehyde solution
neutralized with Nabisulphite and 0.0035 M Beta-propiolactone was
determined [26].

Animals

Approval for the use of animals for analgesic experiments had
been obtained from the Ethical Committee of the Faculty of Pharmacy,
Cairo University, Egypt. Swiss mice of either sex obtained from the
Animal House unit of the Department of Pharmacology & Toxicology,
Faculty of Pharmacy, Cairo University, Egypt were used. The animals
maintained under standard laboratory conditions (12 h light and dark
cycles) had free access to standard chow and water.

Acute toxicity

Acute toxicity was performed according to the OECD-423
guidelines [27]. Intraperitoneal acute toxicity was studied in mice. The
animals had free access to feed and drinking water. Swiss mice (18-20
gm) of either sex were randomly allocated into groups of 10 animals per
group. They were administered intraperitoneally aqueous extract of test
materials. General symptoms of toxicity and mortality were observed
for 24 h, after which the animals were left for further 7 days for delayed
toxicity.

Determinations of RVF challenge virus titre using mice assay

Infectivity titre of stock of RVF virus used for challenge of
immunized mice was determined [21]; liver harvest virus seed stock
was 10 fold serially diluted in MEM-E supplemented with 2% FCS.
Each mice group (10 each) received 0.1 ml /mouse intraperitoneal
route of administration. Mice groups were observed for 7 days post
inoculation for detection of signs of illness and mortality. RVF virus
end point induced 50% mice mortality was determined [25].

Determination of the inactivated RVFV vaccine Potency
(Effective Dose end point-ED50)

Potency of inactivated RVF viral vaccine candidates prepared using
different chemical inactivants namely formalin, ascorbic acid and BPL
was evaluated using mice immunization assay (MIA) [20-15]. The
effective dose of vaccine that can protect 50% of infected mice was
determined, where experimental vaccinal batches were 5 fold serially
diluted (1/5-1/3125) using sterile HBSS, pH 7.2+2, concentrated vaccine
was included. Each dilution was inoculated intraperitoneally (I/P) as
0.3 ml in 21 days old weaning mice, 14-16 gm (10/dilution). Another
set of 10 mice were left as negative control. One week later the 2™ dose
of the vaccine; diluted as previous was inoculated. 14 days post the 1st
shoot, a challenge dose of 0.1 ml containing 1000-10000 MIPLD_ was
intraperitoneally inoculated. Five weaning mice of the negative control
group were challenged in the same way, the rest of control mice group
were left as-negative control. Mortality was recorded throughout 14
days and the potency of inactivated RVF virus vaccines was determined
[20].

Preparation of Adjuvants

Calcium phosphate nanoparticle adjuvant: Calcium phosphate
nanoparticles was prepared by mixing Buffers A and B, prepared by
the rapid dissolution of 18.36 gm Na,HPO,-12H,0; 12.5 gm NaOH;
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7.5 gm NaHCO3 in 325 ml of distilled water and 10.75 gm Ca
(NO,), 4H,0 in 125 ml of distilled water. All buffers were sterilized
by membrane filtration (0.022 Stereoscopy vacuum filtration system
(Millipore ~USA). Vaccines were homogenized in a 0.07 M dibasic
sodium phosphate sterile solution. The vaccine suspension was mixed
with solution A prior to mixing to solution B. The precipitate of gel-like
amorphous calcium phosphate formed was agitated for approximately
30 seconds. RVFV Vaccines becomes absorbed on the calcium
phosphate nanoparticle adjuvant [29].

Aluminum phosphate (Alum) adjuvant: Both of 0.63 M
AICL.6H,0 and 0.3 M Na,PO,.12H,0 were prepared in 40 ml normal
saline each. Prepared solutions were 0.2um filtered. Contents were
stirred continuously during the procedure at 40 to 60 rpm. 0.3 M
Na,PO,.12H,0 solution was added to a mixing bottle. 300 ml normal
saline was added. The antigen was added followed by addition of 0.63 M
AICI3.6H,0 solution to the mixing bottle. pH was maintained between
6.5-6.8. The final volume was adjusted with sterile normal saline. The
suspension was mixed for 2 hr at 37°C [29-30].

Electron microscope scanning: The adjuvants were diluted with
water until the solid content was 0.01%. The copper grid was dipped
into the suspension and allowed to air dry. Pictures were taken in a
JEOL-JEM-1230 transmission electron microscope at a x 40,000
magnification.

Immunization of experimental laboratory animals: Adjuvant
formulated vaccines namely AA-RVFV, CAP-AA-RVFV, Alum-AA-
RVFV, BPLRVFV, CAP-BPL-RVFV, Alum-BPL-RVFV, F-RVFV, CAP-
E-RVFV, Alum-F RVFV were used to immunize nine groups (10 / each)
of Swiss weaning male mice (14-16 gm,) the immunizing dose (0.5 ml)
was administered subcutaneously (S/C). Another group was inoculated
using PBS used as negative control.

Histopathological examinations: Three mice from each
immunized and control groups were collected 24, 72 hrs, 1, 4 and 8
weeks post immunization for cervical dislocation to get liver, kidney
and spleen. The organs were 10% neutral-buffered formalin fixed and
embedded in paraffin and prepared in the usual method. Sections
were stained with haematoxylin and eosin (H-E) for histopathological
examination [32].

Detection of antibodies against RVFV antigen: Blood samples
were collected at 1 week interval through retro-orbital plexus of
immunized mice. Sera were collected by cold centrifugation for 15
minutes at 5000 rpm. ELISA plates (Nunc - Denmark) were coated
with RVF cell lysate Ag in carbonate-bicarbonate buffer, pH 9.6 as
100pl/well. Plates were incubated for 18 hrs at +40C. Unattached Ag
was washed out using wash buffer (PBS - 0.5%Tween 20). Sera samples
were 2 fold serially diluted in the reciprocal wells plates were incubated
for 2hrs at 37°C. Plates were washed as previous to remove non reacting
antibodies. Anti-mouse conjugate labelled with peroxidase enzyme
(Sigma immuno-chemicals) was dispersed as 100ul as 1/1000 final
dilution. Plates were incubated for 1hr and unbound conjugate was
washed. TMB substrate buffer (Sigma - Aldrich, USA) was added as
100pl/ well. Plates were kept in dark for 20 minutes. The reaction was
stopped using 100l of 2N hydrochloric acid HCI (Sigma -Aldrich,
USA). Developed color was measured at 450 nm using ELISA reader
(Tecan Sunrise — Austria), Ab level was blotted against weeks interval
antibody level was evaluated [19].

Statistical analysis

Statistical analysis was performed using analysis of variance

(one-way ANOVA), P value less than 0.05 was considered significant.
Data collected from repeated experiments, Conducted at the same
conditions but at different times, were pooled. All the results are
presented as the difference between stimulated groups and the control
groups. Comparisons among different groups were performed by one-
way analysis of variance (ANOVA) Student T test.

Results

Toxicity of chemicals inactivates

It was clear that 1.5 mg/ ml of ascorbic acid, 0.2% of neutralized
formalin and 0.0035 M hydrolyzed BPL (2 hrs post preparation) were
completely safe to tested mice behaved normally with no signs of illness
and no mortality detected 24 hrs and 7 days post administration.

Inactivation of RVF virus using chemical inactivants

Data recorded revealed that RVF virus was completely inactivated
within 2 hrs, 6hrs and within 24hrs post treatment with 0.0035M
BPL, 0.2%foirmalin and Ascorbic acid; recording a mean depletion
of virus infectivity titre in the order of 1.2 log /15 min TCID50 and
1.8 log, /15 min MIPLD50 (Figure 1), 1.2 log, /hr TCID50 and 1.8
log,,/hr MIPLD50 (Figure 2) and 0.95 log, /hr TCID50 and 1.16
log ,/hr MIPLD50 respectively (Figure 3). Data revealed that BPL
was significantly effective and faster as an inactivant than formalin
and Ascorbic acid (P<0.05) and formalin was significantly short term
effective than ascorbic acid (P<0.05).

Determination of the inactivated Rift Valley fever (RVF) virus
vaccine potency (ED50)

Immune potential of prepared experimental Rift valley fever viral
vaccine candidates (Vaccine potency; ED50) was evaluated according
to [32]. The ED50 was contained in 0.006 ml, 0.011 ml and 0.0024 ml
of BPL, Formalin and Ascorbic acid vaccine respectively. That means
that BPL was significantly higher than ascorbic acid and formalin
respectively (P<0.05), (Table 1).
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Figure 1: Evaluation of inactivation kinetics of Rift Valley Fever Virus using
0.0035 M Beta-propiolactone in mice and cell culture.
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Figure 2: Evaluation of Inactivation Kinetics of Rift Valley Fever using
ascorbicacid1.5mg/ final concentration in mice and cell culture.
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Figure 3: Evaluation of Inactivation Kinetics of RVFV using formalin in both mice
\ and cell culture.

Chemical Inactivant X~ potency (ED50) X~ ED50
Ascorbic acid ggggg 0.0024
Beta-propiolactone 888; 0.006
Formalin 8812 0.011

Table 1: Determination of inactivated Rift Valley Fever virus vaccine Potency
(ED50).

Figure 4: Transmission electron photomicrograph of Abm and calcium
phosphate nanoparticle size. The barrepresents 0.5um.

Figure 5: Transmission electron photomicrograph of Abm and calcium
phosphate nanoparticle size. The barrepresents 0.5um.

Evaluation of Antibody Level post Mice Immunization with Ascorbic acid
Inactivated Rift Valley Fever virus Vaccine CAP and Alum Adsorbed

25

_.E' 2

c

8

< 15

S

]

Q

o 1

c

©

=
05
0

week1 week2 week3 week4 weekS week6 week7 week8 week9 week10
week post immunization

——— RVFV inactivated with ascorbic acid —s—— RVFV inactivated with ascorbic acid + CAP
——— RVFV inactivated with ascorbic acid + Alum

Figure 6: Evaluation of mice immune serum antibodies titre post immunization
with ascorbic acid inactivated RVFV vaccines.

A transmission electron photomicrograph of aluminium phosphate
adjuvant revealed that spherical particles of q mean particle size =
208 nm. Meanwhile, calcium phosphate nanoparticles were spherical
particles and of a significantly reduced size (P<0.05) of ~ 96 nm (Figure
4-5).

Evaluation of total antibody against RVFV vaccine in mice
sera using ELISA

Immune reaction was enhanced due to the vaccine formulation

using both Alum and CAP as adjuvants. Data recorded revealed that
antibodies detected 7 days post immunization with Adjuvanted and
non-adjuvanted vaccines. Data revealed that AA and Formalin non
adjuvanted vaccines showed that they could induce a higher antibody
level compared with antibody level detected post immunization with
Beta propiolactone inactivated vaccine(P<0.05). Also, a significant
elevated antibody level detected just throughout thelst 3 weeks followed
by a nonsignifiicant change in case of AA-alum adjuvanted and non
adjuvanted vaccine. On the contrary AA inactivated, CAP-Adjuvanted
vaccine was highly significant immune stimulating vaccine than AA-
inactivated —Alum adjuvanted and non adjuvanted one (P>0.05),
(Figure 6). In the mean time, Formalin inactivated vaccine Alum and
CAP adjuvanted vaccines could enhance immune response despite
there was a nonsignifiicant difference detected, and the superiority was
to CAP -adjuvanted one than the other two types (Figure 8). Finally,
BPL -CAP formulated vaccine showed a highly significant and long
durative Ab level than that detected post immunization with BPL and
BPL -Alum adjuvanted vaccines (P>0.05), (Figure 7).

Histopathological studies

Microscopic examination of mice Liver treated with calcium
phosphate nanoparticle adjuvant 24 hr revealed hydropic degeneration
of hepatocytes (Figure 1), Moreover, after 72 hr, examined Liver
showed multiple small focal areas of hepatic necrosis associated with
leucocytic cells infiltration (Figure 2), Meanwhile, after 1 week later,
Liver sections showed no changes except presence of small vacuoles in
the cytoplasm of some hepatocytes (Figure 3). However, liver of mice
after 4 weeks showed kupffer cells activation (Figure 4).Concerning
Kidneys, examined sections of mice after 24 hr showed congestion of
intertubular blood capillaries (Figure 5). After 72 hr, Kidneys sections
revealed focal renal haemorrhage (Figure 6), meanwhile, After 1 week

Evaluation of Antibody Level post Mice with Beta propi | i d Rift
Valley Fever virus Vaccine CAP and Alum Adsorbed
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Figure 7: Evaluation of mice immune serum antibodies titre post immunization
with Bpropiolactone inactivated RVFV vaccines.
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Figure 8: Evaluation of mice immune serum antibodies titre post immunization
with formalin inactivated RVFV vaccines.
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Figure 9:

Figure 10:

and 4 weeks, examined Kidneys sections showed apparent normal renal
parenchyma (Figure 7). Regarding Spleen, examined sections post
treated with calcium phosphate nanoparticle adjuvant after 24 hr, 72
hr, 1 week and 4 weeks revealed no histopathological changes (Figure
8). Microscopically examination of mice Liver treated with aluminium
phosphate adjuvant (alum) 24 hr post immunization showed a portal
infiltration with leukocytes (Figurel). Moreover, after 72 hr, examined
Liver showed focal area of hepatic necrosis replaced by leucocytic
cells infiltration (Figure 2), meanwhile, after 1 week, Liver sections
showed massive leukocytic cells infiltration in the portal triad (Figure
3). Examined sections of Liver of mice after 4 weeks showed recent
thrombus as well as portal infiltration with leucocytic inflammatory
cells (Figure 4). At 8 weeks, liver of mice revealed small focal hepatic
necrosis associated with leucocytic cells infiltration (Figure 5).
Concerning Kidneys, examined sections after 24 hr and 72 hr showed
congestion of renal blood vessel associated with focal leucocytic
cells aggregation (Figure 6). After 1 week, Kidneys sections revealed
thickening of the partial layer of Bowman’s capsule (Figure 7). However,
after 4 weeks, kidney of mice showing vaculation of epithelial lining
renal tubules together with pykenosis of their nuclei (Figure 8), while
at 8 weeks, showing cellular cast in the lumen of some renal tubules
(Figure 9). Regarding Spleen, examined sections of mice treated with
aluminium phosphate adjuvant after 24 hr, 72 hr, 1 week, 4 week and
8 week showed similar changes described as lymphocytic depletion
associated with appearance of multiple megakaryocytes (Figure 10).

Discussion

The present work aimed to improve the efficacy and reactogenicity
of the current prepared RVFV vaccine in addition find alternative
adjuvant can minimize the inflammatory reaction detected post the
administration of Alum adjuvanted inactivated RVF virus vaccine.
Rift valley fever virus vaccine prepared in Egypt since 1981[20-24].
The currently prepared vaccine is formalin inactivated one prepared
in Abbassia Research institute for sera and veterinary vaccines and
the Egyptian Organization for biological products and vaccines
(VACSERA) despite the use of different strains; human (ZH-501) and

sheep origin , M/S/258) respectively [2].The side effects of formaldehyde
are well known and the risks are many. The use of new inactivants
must be considered for availability, higher safety measures and better
antigenicity. The choose of available, cheap and more safe inactivants
are of the parameters for improving the quality and immunogenicity of
the RVFV vaccines [22]. Ascorbic acid proved to has an antiviral activity
to some viruses as Polio, rabies, cytomegalovirus viruses, in addition its
effect on the released interferon level accordingly it was interestingly
tried for the inactivation Rift Valley fever virus as an economic matter
of importance [32]. Efficacy of inactivants was monitored and the
inactivation kinetics was evaluated compared with formalin as the
current and traditional inactivating agent. Meanwhile BPL was of the
promising agent for vaccine production especially for human use as
Rabies, Polio and influenza inactivated vaccines, as vaccine potency
(ED50) varied according to the inactivating agents; BPL showed a
higher vaccine potency than detected in case of using other inactivants,
this was attributed to the limited effect on viral epitopes configuration
to which the antigenicity is attributed, also it has no deleterious effect
on the immune response as CF and HI antibody titre not affected
post immunization, also, its concentration used for inactivation is a
virus type dependent [33,34], in turn an elevated immune potential is
detected post immunization with BPL prepared vaccine compared with
that elicited post immunization with formalin inactivated one [19]. Our
recorded data was opposite to the recorded data by the others, Although
the immune response detected pos immunization with CAP-non
adjuvanted BPL inactivated vaccine the immune response was extremely
enhanced post adjuvation to CAP nanoparticles and higher than the
immune response detected in case of Alum Adjuvation. Also, immune
response to AA-CAP and Alum adjuvanted RVFV vaccine candidates
was in accordance to the same pattern of BPL adjuvanted vaccine but
of as lower values. Data recorded revealed that the emergency to omit
use of formalin as inactivant for its drawbacks and deficient immune
enhancing and Alum are recommended. Neutralization of residual
inactivants was known in case of formalin, where residual formalin is
neutralized using 35%Na-Bisulphite as 0.0218 % [19,20,35] but not in
case of A. Acid its mode of action on viral epitopes are unclear and it
its mode of action mainly based on the oxidation reaction. Mean while,
no way known to neutralize the residual A. Acid in prepared vaccines,
in addition its stability in culture media is well known [36]. While, BPL
is auto hydrolysed into propionic acid and water and its derivatives are
safe, so why it is used in human vaccine production [25-37]. Concerning
safety of chemical inactivants, it was a must, to assure the safety measure
of prepared vaccine this was in accordance to [18-35]. Adjuvants have
been necessary to improve vaccine efficacy in order to afford protection
against infections. A key reason for this is that both attenuated virus
preparations and, particularly, recombinant proteins are often poorly
antigenic. In the past decade, several adjuvants have been evaluated
in clinical trials. Calcium phosphate (CAP), MF59, aluminum (alum)
compounds, and virosomes have been approved for human use in several
European countries [7]. In the United States, alum compounds are the
most extensively used adjuvants in licensed vaccines for humans and
in Egypt as well. Although they effectively enhance immune responses,
there are several disadvantages associated with their use [6,8,9]. The
disadvantages of alum-based adjuvants include the severity of local
tissue irritation, the longer duration of the inflammatory reaction at the
injection site, strong Th2 responses, minimal induction of cellmediated
immunity, and a propensity to elicit undesirable immunoglobulin
E (IgE) responses [10,12]. Alum compounds have also been shown
to increase the levels of potential undesirable homocytotropic
antibodies in animal species [13]. Furthermore, alum-based vaccines
are frequently ineffective for the induction of antiviral immunity [4].
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For these reasons, new adjuvants are being developed to enhance
the immunity against weak antigens. New-generation adjuvants are
designed to induce minimal side effects, enhance the duration of the
immune response, and concurrently stimulate humoral, cellular, and
mucosal immune responses. Furthermore, an ideal adjuvant would be
biodegradable, economical, and simple to manufacture. In addition,
it would have the potential to selectively trigger a defined class of
immune response such as the T-helper 1 (Th1) CD41 T-cell response
and cell-mediated immunity and have equal applicability for any new-
generation antigens. The over view of adjuvant explain why the addition
of CAP was an advantage to improve RVFV vaccine candidates
than that detected in case of using Alum , even immune response
development was inactivating agents related . Data recorded was in
accordance with [15,19,41]. Concerning the histopathological changes,
data recorded revealed that cytotoxicity/histopathological changes
post SC administration attributed to unknown explanation and it was
a time dependent and adjuvant type related. Our data recorded was
in accordance with [40]. Also, data recorded was on the contrary to
[41] recorded that Clinical and toxicity evaluation indicated there is
no irritation and inflammation on the experimented eyes compared
with the control group by histological examination. Also, there is no
toxic effect in the acute toxicology and allergic experiment. And based
on their findings, they suggested that calcium phosphate nanoparticles
may favour the localized ocular delivery of CAIs for the treatment of
glaucoma. finally it can be concluded that CAP is a better immune
response enhancer to RVFV veterinary vaccine in addition its safety is
relative to fast degradability than alum in turn short term pathological
changes followed by auto repair of toxified tissues . Also, combination
of CAP with BPL followed by A. Acid inactivated vaccines was a better
formulation than use of formalin and Alum adjuvanted vaccine.
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