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Abstract 
Background: Vaccinations for animals are crucial for food production, ani-
mal welfare, public health, and animal health. They are an affordable way to 
stop animal sickness, increase food production efficiency, and lessen or stop 
the spread of zoonotic diseases to humans. Animal vaccines that are both safe 
and efficacious are vital to modern culture. The vaccine should induce a 
strong, protective and prolonged immune response against the antigenic fac-
tor. In order to achieve these goals, novel vaccination techniques and an effi-
cient adjuvant are required to render the vaccine immunogenically protective 
and trigger a strong immune response. Aim: Our study aims to promote and 
enhance the immunogenicity against RVF virus disease through lyophilized 
inactivated RVF vaccine through induction of early cellular, high and pro-
longed humeral immunity in vaccinated animals using cabopol as stabilizer 
and Saponin or normal saline as a diluent at time of vaccination. Moreover, 
manufacturing of these vaccines is easy to be done. Results: The gained re-
sults revealed that RVF freeze-dried vaccine with Carbopol that reconstituted 
using Saponin elicited better immune response than that reconstituted using 
normal saline (NaCl). The cell mediated immune response as represented by 
lymphocyte blastogenesis and phagocytic activity were markedly increased 
with high levels when we used Saponin as a diluent than that in group vacci-
nated with vaccine diluted with NaCl, on the other side the humeral immune 
response in group vaccinated using the Saponin as diluent is more detected 
and stayed within the protective level till the end of 11th month post vaccina-
tion (1.5 TCID50) while the immune response induced after using normal sa-
line as a diluent stayed within the protective level till the end of 10th month 
post vaccination (1.8 TCID50). Conclusion: The use of Saponin as a diluent 
for reconstitution of the freeze dried RVF vaccine is preferable than the use of 
normal saline enhancing both sheep cellular and humeral immune response. 
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1. Background  

A zoonotic virus, Rift Valley fever (RVF) primarily affects humans and animals. 
It was first mentioned in 1931 during a sheep pandemic in Kenya’s Rift Valley. 
Even after, Egypt and sub-Saharan Africa reported RVF outbreaks. In 2000, 
there were confirmed cases in Yemen and Saudi Arabia, raising fears that the 
disease would spread to other parts of Asia and Europe. Human infections are 
primarily caused by contact with the blood and organs of infected animals [1]. 
Because mosquitoes spread with heavy rains, the RVF outbreak was linked to 
these conditions [2]. RVF outbreaks can have a substantial negative influence on 
society, including considerable financial losses and decreased trade. The disease 
primarily affects cattle, leading to severe sickness and abortion in domestic ani-
mals [3]. The sickness mostly afflicted humans, camels, and small and big rumi-
nants. It caused fever, salivation, fetid diarrhea, overall weakness, decreased milk 
output, and a storm of miscarriages in pregnant animals [4]. 

Using secure and effective vaccines, vector control and immunization are the 
most effective ways to protect animal populations and indirectly human beings 
[5]. There are two kinds of RVF vaccinations, live attenuated Smith burn and 
adjuvanted inactivated vaccine [6]. The live RVF vaccine’s teratogenic or abor-
togenic effects limit its application [7]. Therefore, two doses of the inactivated 
RVF vaccination are primarily administered in Egypt in order to induce a high 
level of long-lasting antibody titer protection.  

Vaccine-induced immunization aims to promote a comprehensive, early and 
long-lasting immune response to the antigen. In order to achieve these goals, a 
new vaccination production process is required to produce a vaccine that is suf-
ficiently immunogenic to mount an effective immune response [8] [9]. 

To address the shortcomings of the traditionally manufactured liquid inacti-
vated Rift Valley fever vaccine, such as brief immunizing antibodies and poor 
keeping quality, efforts have been focused on developing an inactivated version 
of the vaccine [10]. 

On the other hand, trials were done to produce a lyophilized inactivated vac-
cines, one of these trials that was done by [11] using different adjuvants like 
skimmed milk, gelatin and sucrose lactalbumin. Another trial was carried out by 
[12] who reported that the prepared combined BEF and RVF freeze-dried vac-
cine with Carbopol elicited a better humoral immune response.  

Also [13] concluded that the lyophilized inactivated RVF vaccine using Sapo-
nin as a diluent is more highly immunogenic and economic than the ALOH in-
activated RVF vaccine so they recommended using lyophilized inactivated RVF 
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vaccine in the field. 
Carbopol is a synthetic polymer that finds extensive use in the pharmaceutical 

industry. The aqueous Carbopol gel flows well through various application 
channels, is thermostable, and compatible with a wide range of substances [14] 
[15]. Carbopol offers a number of benefits, including being a very safe, nontoxic, 
and suspending agent [16]. In mammals, carbopol can stimulate and energize 
humoral and cellular immunity [17] as well as it promotes an early onset of cel-
lular immunity by facilitating T cell differentiation towards effector phenotypes 
and by efficiently inducing naïve to memory transition [18]. 

Saponins, derived from Quillaia Saponaria Molina, have been employed in 
several veterinary vaccinations and have been utilized extensively as adjuvants 
for a number of years. Adjuvants possess the ability to influence the cell-mediated 
immune system and facilitate the production of antibodies [19]. It encourages 
the strong synthesis of both T-dependent and T-independent antigens, as well as 
cytokines like interleukins and interferon that may counteract the effects of im-
munological stimulants [20] [21].  

The creation of an inactivated Rift Valley fever vaccine in a lyophilized form 
with the use of premium stabilizer to boost stability is the ultimate objective of 
this work through fulfilling the following parameters:  
● Preparation of lyophilized inactivated RVF vaccine stabilized using 1% Car-

bopol solution. 
● Quality control of the prepared vaccine.  
● Evaluation of both cellular and humeral immune response in two vaccinated 

sheep groups with the prepared vaccine using two different diluents at time 
of inoculation (Saponin and normal saline NaCl). 

It is expected that there is a relationship between the use of lyophilized inacti-
vated RVF vaccine especially when using Saponin as a diluent for the lyophilized 
vaccine and the induced cellular and humeral immune response. 

2. Methods 
2.1. Ethical Approval 

Institutional Animal Care and use committee at Veterinary Serum and Vaccine 
Research Institute acknowledge the research manuscript and it has been re-
viewed under our research authority and deemed compliance to bioethical stan-
dards in good faith. 

2.2. Experimental Animals 
2.2.1. Swiss Albino Baby Mice 
Ten baby mice (3 - 4 days old) were supplied from the Laboratory Animal House 
(LAH); Veterinary Serum and Vaccine Research Institute (VSVRI) and used for 
safety testing to insure complete inactivation of RVF virus.  

2.2.2. Newly Born Lamb 
Three apparently healthy newly born native breed lambs (7 - 10 days old) were 
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supplied by VSVRI and used for safety test of the prepared freeze dried inacti-
vated RVF vaccine.  

2.2.3. Sheep  
Fifteen native breed sheep, approximately 4 - 6 months old, who had not had 
vaccinations were examined and found to be free of RVF antibodies through the 
use of SNT. They were kept in insect-proof stables with proper water and nutri-
tion under rigorous hygiene conditions. They were divided into three groups (5 
sheep/group). Each of the first two groups was vaccinated with two doses of the 
prepared vaccine (1 ml/animal inoculated S/C) one month in between. The third 
group served as the control group without vaccinations.  

2.3. Virulent RVFV (ZH 501) 

The Rift Valley Fever Vaccine Research Department (RVFVRD); (VSRI), Abba-
sia Cairo provided the original virus (RVF ZH501), which was utilized to pre-
pare the lyophilized RVF vaccine. The vaccine was propagated on Baby Hamster 
Kidney cells (BHK) at a final concentration of 108 TCID50/ml. 

2.4. Tissue Culture  

BHK cells were supplied by VSVRI and propagated at RVFVRD by using of 
Minimum Essential Medium (MEM) with Eagle’s salts and with 10% new born 
calf serum according to [22]. These cells were used in virus propagation for vac-
cine preparation, SNT and virus titration.  

2.5. Reagents  
2.5.1. Binary Ethylenimine  
0.1M Binary Ethyleneimine (BEI) stock solution prepared from 2 Bromo ethy-
lamine hydrobromide (Aldrich Chemical Co., LTD) and 0.2 N NaOH, according 
to [23] [24] was used for Rift Valley fever virus inactivation process. 

2.5.2. Carbopol  
Lubrizol provided the powder, which was then dissolved in hot water to create 
1% aqueous stock solutions [25]. The produced solution was autoclaved at 121˚C 
for 20 minutes for heat sterilization. It was then kept at 4˚C until it was needed 
as a stabilizer again [26]. 

2.5.3. Saponin  
Saponin was supplied by Sigma-Aldrich Labo Chemikalien GmbH; Germany, 
(Cat. #.16109; Lot.71500) was made as a watery solution with a 0.5 mg/ml con-
centration in phosphate buffered saline (PBS) following the instructions pro-
vided by [27].  

2.5.4. Normal Saline 0.9%  
It was kindly supplied by (VSVRI) and used for reconstitution of the formula 2 
of the lyophilized vaccine. 

https://doi.org/10.4236/ojvm.2024.142003


D. M. Abulmagd et al. 
 

 

DOI: 10.4236/ojvm.2024.142003 25 Open Journal of Veterinary Medicine 
 

2.5.5. Heparin 
Ampoules were purchased from Amoun Company for Pharmaceuticals and 
Chemical Industries, Cairo, ARE, RCC. 115668.  

2.5.6. Cell proliferation Kit 
The kit (MD. Biosciences-USA; Cat #: 409005) is used for the assay for lympho-
cyte blastogenesis. 

2.6. Virus Propagation and Titration 
2.6.1. Virus Propagation  
RVF virus (ZH 501) was propagated under biosafety measures in BHK cells for 
three successive passages to increase the virus yield.  

2.6.2. Virus Titration 
The virus was titrated in BHK cell culture using the microtiter method according 
to [28] and the titer of the virus was calculated as log10 TCID50/ml according to [29]. 

2.6.3. Virus Inactivation  
RVF virus was inactivated using BEI at 37˚C for 24 hours according to [23] [24].  

2.6.4. Verifying the Full Inactivation of the RVF Virus (Viral Safety Test)  
The samples of inactivated RVF virus were examined to see whether any patho-
genic virus remained in the tissue culture [30] and in baby mice [31], the mice 
were kept for ten days and checked on every day. Mice that passed away in the 
first 24 hours were thrown out.  

2.6.5. Preparation of Freeze-Dried RVF Vaccine 
To create the functional virus for the lyophilized RVF vaccine, three further 
passages of the master seed RVFV (ZH501) were propagated on BHK cells. After 
making one more passage on BHK cells using the vaccine seed virus, a vaccine 
stock viral fluid was created. The bulk virus harvest fluid was then stored at 
−70˚C until titration and sterility testing were completed. According to [32], the 
virus titer in vaccine stock viral fluid should not be less than 8 log10 TCID50/ml. 
The viral stock used in vaccines was inactivated for 24 hours at 37˚C using 0.001M 
BEI [33]. After the inactivated virus was combined with an equal amount of sta-
bilizer, it was divided into vials (2 ml each) and freeze-dried. 

Then on the time of experimental sheep vaccination; two reconstitutions were 
prepared as follow:  

Reconstitution-1 in (10 ml) of Saponin diluent (0.5 mg/dose) according to [27] 
as adjuvant just before inoculation;  

Reconstitution-2 in (10 ml) normal saline (Nacl 0.9%) before inoculation;  
Each vaccine dose of the reconstituted vaccine contains 106 TCID50/ml of RVF. 

2.7. Tests for Quality Control 
2.7.1. Sterility Test  
Sterility testing of the virus fluid and the prepared vaccine reconstitutions was 
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carried out according to recommendation of the [34] [35] using thioglycolate, 
soybean casein digest; sabouraud dextrose agar medium; mycoplasma solid and 
liquid media. 

2.7.2. Safety Test 
Ten milliliters of each reconstitution of the prepared lyophilized vaccine (five 
milliliters S/C and five milliliters I/P) were given to each of the two lambs, with 
the third lamb being retained as a control. Daily clinical observation was done 
for 2 weeks for detection of any raise in body temperature or any abnormal clin-
ical signs related to RVF.  

2.7.3. Potency Test 
1) Humeral immune response: After a sheep group was vaccinated with each 

reconstitution of the ready-lyophilized RVF vaccine, the immunological re-
sponse to the vaccine was observed using the SNT microtiter technique every 
week for up to four weeks and every month for up to twelve months after vacci-
nation [28], while the observed antibodies’ titer was elaborated in accordance 
with [29].  

2) Cell mediated immune response: The XTT tetrazolium salt assay was 
used to measure the lymphocyte blastogenesis in accordance with [36] and pha-
gocytic activity evaluation including phagocytic percentage according to [37] and 
phagocytic index according to [38].  

2.8. The Immunization Schedule for Sheep 

Each vaccine reconstitution was inoculated S/C in a sheep group using a dose of 
1 ml/sheep.  

Group (1): was vaccinated with reconstitution-1;  
Group (2): was vaccinated reconstitution-2;  
Group (3): was kept as unvaccinated control.  
# The first two groups received a booster dose on the 21th day post vaccination 

with the corresponding vaccine reconstitution. 

2.9. Samples 
2.9.1. For Humeral Immune Response 
Blood samples were taken from every group of sheep and placed in clean, dry, 
and sterile screw-capped bottles. The bottles were then incubated at 37˚C for 30 
minutes and kept in a refrigerator for the whole night. After being separated, the 
serum was centrifuged for ten minutes at 3000 rpm. The sera were stored at 
−20˚C until they were tested serologically after being inactivated for 20 minutes 
at 56˚C to destroy any non-specific protein. These samples were taken prior to 
immunization, two weeks later for the booster, and then every month after that 
to assess the level of induced neutralizing RVF antibodies. 

2.9.2-For Cell Mediated Immune Response 
Blood samples were obtained using an anticoagulant (Heparin 20 - 40 IU/ml) 
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from vaccinated and non vaccinated sheep according to [39] for lymphocyte 
blastogenesis assay and phagocytic activity test. 

2.10. Statistical Analysis 

All results were analyzed via the SPSS Inc. software version 26 (IBM Corp., NY, 
USA). The normality and homogeneity among the experimental groups were 
determined utilizing Shapiro−Wilk’s and Levene’s tests, respectively. The results 
were expressed as the mean ± the standard error of the mean (SEM) and 
ANOVA and Tukey’s tests were employed to evaluate the significant variations 
between the mean values. When the p-value was lower than 0.05, statistically 
significant variations were considered. All graphs were prepared via the Graph-
Pad Prism software Version 8 (San Diego, USA). 

3. Results 
3.1. Proliferation and Titration of RVF Virus (ZH501) in Tissue  

Culture  

A clear cytopathic effect (CPE) of RVF virus on BHK cells looks like grapes ag-
gregation (rounding and aggregation in clusters) was shown with increased virus 
titer gradually from 107 to 107.7 TCID50/ml in the first and second passages till 
reach 108 TCID50/ml in the third passage. To prepare the vaccine, the virus cap-
tured in the third passage was employed. As shown in Table 1. 

3.2. Determining the Completion of the Inactivation of the RVF  
Virus  

The inactivation of the virus was tested on baby mice and tissue culture, and the 
results showed that there were no deaths or aberrant symptoms of illness in the 
inoculated mice during the 10-day observation period after the injection, nor 
was there any CPE in the inoculated BHK cells. 

3.3. Clinical Examination of Vaccinated Sheep 

After receiving lyophilized inactivated RVF vaccine either diluted with saponin 
or normal saline, sheep were clinically examined, and the findings revealed that 
neither group had any post-vaccination pyrexia or clinical symptoms. 

3.4. Testing for Quality Control 

1) Sterility testing results of the two reconstitutions of the prepared lyophi-
lized inactivated RVF vaccines, revealed that both of them was free from foreign 
contaminants (Table 2).  

 
Table 1. RVF virus (ZH501) titers in BHK cells. 

Titrated virus Initial viral titer 
Virus titer (log10 TCID50/ml) 

1st passage 2nd passage 3rd passage 

RVFV 107 107.5 107.7 108 
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2) Safety testing results emphasizes that the two vaccine reconstitutions were 
safe in the inoculated lambs showing no any abnormal clinical signs (Table 2).  

3.5. Potency Testing Results 
3.5.1. Monitoring the Cell Mediated Immune Response 
Evaluation of cellular immune response by Lymphocyte blastogenesis test showed 
that there was an early and highly significant increase in cell proliferation in 
group (1) vaccinated with Saponin diluted lyophilized RVF vaccine (0.320) as 
shown in Table 3 compared to group (2) vaccinated with normal saline diluted 
lyophilized RVF vaccine (0.167) and these levels increased gradually in both 
groups till reach the peak at 10th day post vaccination but with higher levels in 
group (1). on the other side, the phagocytic activity expressed according to pha-
gocytic % and phagocytic index as shown in Table 4 & Table 5 revealed that  
 

Table 2. Quality control measures of lyophilized inactivated RVF vaccine. 

Tested reconstitution 
Quality measures 

Sterility test Safety test (lambs) Potency test 

Reconstitution (1) 
devoid of fungus, anaerobic and 

aerobic bacteria, and mycoplasma 
None of the formulations caused any 
adverse responses after vaccination. 

Every reconstitution of a  
vaccination was effective. 

 
Table 3. Results of the Lymphocyte Blastogenesis Assay acquired in several sheep groups following a single injection of lyophi-
lized inactivated RVF vaccines produced.  

Animal group 
Average optical densities in the test for cell proliferation 

1 DPV 3 DPV 5 DPV 7 DPV 10 DPV 15 DPV 21 DPV 

Group-1 0.32 ± 0.004c 0.46 ± 0.017c 0.48 ± 0.036c 0.54 ± 0.031b 0.755 ± 0.002c 0.48 ± 0.031b 0.215 ± 0.002c 

Group-2 0.167 ± 0.009b 0.25 ± 0.013b 0.359 ± 0.027b 0.46 ± 0.027b 0.635 ± 0.018b 0.46 ± 0.027b 0.108 ± 0.004b 

Group-3 0.047 ± 0.0004a 0.051 ± 0.0004a 0.08 ± 0.003a 0.044 ± 0.002a 0.041 ± 0.0004a 0.061 ± 0.0004a 0.058 ± 0.002a 

p-value 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

DPV: Days post vaccination. a,b,cmean values with different superscript letters within the same column represent statistical signi-
ficance (p < 0.05). Group-1: vaccinated with reconstitution-1; Group-2: vaccinated with reconstitution-2; Group-3: non vaccinated 
control.  
 
Table 4. Results of the phagocytic percentage attained in various sheep groups following a single injection of RVF-prepared, lyo-
philized, inactivated vaccins. 

Animal group 
Percentage of phagocytic cells 

1 DPV 3 DPV 5 DPV 7 DPV 10 DPV 15 DPV 21 DPV 

Group-1 55 ± 1.224c 66 ± 2.894c 70.2 ± 3.313c 86 ± 1.35c 90.45 ± 4.201c 71 ± 1.39c 0 

Group-2 28 ± 2.894b 60.1 ± 1.403b 65.3 ± 2.358b 71 ± 1.447b 83 ± 1.21b 60 ± 1.25b 0 

Group-3 20 ± 1.447a 18 ± 2.671a 19 ± 2.581a 17 ± 0.626a 19 ± 0.536a 20 ± 0.403a 0 

p-value 0.000 0.000 0.000 0.000 0.000 0.000 NA 

DPV: Days post vaccination. NA: non-applicable. a,b,cmean values with different superscript letters within the same column 
represent statistical significance (p < 0.05). Group-1: vaccinated reconstitution-1; Group-2: vaccinated with reconstitution-2; 
Group-3: non vaccinated control.  
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Table 5. Results of phagocytic indices measured in several sheep groups following a single injection of produced lyophilized inac-
tivated RVF vaccines. 

Animal group 
Phagocytic index 

1 DPV 3 DPV 5 DPV 7 DPV 10 DPV 15 DPV 21 DPV 

Group-1 0.5 ± 0.018b 0.5 ± 0.027c 0.56 ± 0.022c 0.67 ± 0.026c 0.8 ± 0.036c 0.67 ± 0.04c 0 

Group-2 0.2 ± 0.031a 0.32 ± 0.031b 0.46 ± 0.009b 0.51 ± 0.018b 0.68 ± 0.027b 0.47 ± 0.031b 0 

Group-3 0.13 ± 0.009a 0.11 ± 0.004a 0.11 ± 0.013a 0.12 ± 0.013a 0.11 ± 0.018a 0.12 ± 0.008a 0 

p-value 0.000 0.000 0.000 0.000 0.000 0.000 NA 

DPV: Days post vaccination. NA: non-applicable. a,b,cmean values with different superscript letters within the same column 
represent statistical significance (p < 0.05). Group-1: vaccinated reconstitution-1; Group-2: vaccinated with reconstitution-2; 
Group-3: non vaccinated control. 

 
there was early and highly detection of macrophage activity in first group (pha-
gocytic % 55 and phagocytic index 0.5) at the 1st day post vaccination and in-
creased gradually with high levels till reach the peak at the 10th day post vaccina-
tion, while in the second group the phagocytic activity was detected at the 3rd day 
post vaccination at levels lower than that in group (1) (1st day post vaccination 
phagocytic % 28 and phagocytic index 0.2) and increased gradually till reach the 
peak at 10th day post vaccination also with lower levels than in group (1).  

3.5.2. Monitoring of the Humeral Immune Response  
In vaccinated sheep using SNT, the results showed that the peak NI was record-
ed in the 3rd month (3.8) in group-1(vaccinated with reconstitution-1) and in the 
4th month (3.4) in the group-2 (vaccinated with reconstitution-2) while the 
non-vaccinated group showed non-protective values. The RVF neutralizing an-
tibodies that were measured stayed within the protective ranges up until 11 
months (1.5) in the first group and 10 MPV in group-2 (1.8) as tabulated in Ta-
ble 6.  

4. Discussion  

The use of veterinary vaccines has significantly decreased the need for antibiotics 
to treat food and companion animals, reduced animal suffering, allowed for the 
efficient production of food animals to feed the growing human population, and 
protected animal and public health [40]. 

Vaccines, referred to as “weapons of mass protection,” significantly enhance 
the immune system’s capacity to react quickly to microbes following a second 
instance of defiance [41] [42]. The goal of vaccination is to stimulate the im-
mune system to mount a strong, long-lasting defense against the antigen. Effec-
tive adjuvant and vaccination techniques are required to accomplish these aims, 
as well as to raise the vaccine’s level of immunogenicity to a sufficient degree to 
stimulate a robust immune response [8] [9]. 

This research comprises preparation and evaluation of lyophilized inactivated 
RVF vaccine reconstituted on the time of use with two different diluents. The  
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Table 6. Mean serum neutralizing antibody indices against RVF in sheep immunized 
with prepared lyophilized inactivated vaccines. 

Time of Sampling 

Mean RVF antibody neutralizing  
indices in vaccinated sheep groups p-value 

Group-1 Group-2 Group-3 

Pre 0.34 ± 0.018b 0.28 ± 0.009a 0.3 ± 0.004a,b 0.011 

2 WPV* 2.8 ± 0.045c 1.7 ± 0.134b 0.44 ± 0.018a 0.000 

3W PV BOOSTER DOSE 

1st MPV** 3 ± 0.224c 2.4 ± 0.089b 0.34 ± 0.03a 0.000 

2nd MPV 3.6 ± 0.268c 2.8 ± 0.178b 0.36 ± 0.009a 0.000 

3rd MPV 3.8 ± 0.134c 3 ± 0.045b 0.52 ± 0.009a 0.000 

4th MPV 3.6 ± 0.224b 3.2 ± 0.089b 0.6 ± 0.05a 0.000 

5th MPV 3.6 ± 0.089c 3 ± 0.134b 0.46 ± 0.027a 0.000 

6th MPV 3.4 ± 0.045c 2.8 ± 0.089b 0.22 ± 0.008a 0.000 

7th MPV 3 ± 0.268b 2.6 ± 0.134b 0.22 ± 0.004a 0.000 

8th MPV 2.8 ± 0.134c 2.2 ± 0.088b 0.24 ± 0.005a 0.000 

9th MPV 2.4 ± 0.089c 2 ± 0.134b 0.46 ± 0.05a 0.000 

10th MPV 1.8 ± 0.134b 1.8 ± 0.089b 0.22 ± 0.004a 0.000 

11th MPV 1.5 ± 0.045c 1.2 ± 0.089b 0.23 ± 0.03a 0.000 

12th MPV 1.1 ± 0.022c 0.64 ± 0.013b 0.24 ± 0.018a 0.000 

WPV: Weeks post vaccination, MPV: months post vaccination. a,b,cmean values with dif-
ferent superscript letters within the same column represent statistical significance (p < 
0.05). Group-1: vaccinated reconstitution-1; Group-2: vaccinated with reconstitution-2; 
Group-3: non vaccinated control. 
 
substantial inspection of the obtained discs generated after the process of freeze- 
drying with 1% Carbopol showed that the use of Carbopol (1%) gave white and 
cohesive disc.  

RVF virus titration in BHK cell line using the infectivity method (Table 1) 
revealed a virus titer of 108 TCID50/ml with CPE indicated by rounded and clus-
tered cells [43]. 

The completion of virus inactivation in mice and tissue culture was deter-
mined, and the results were satisfactory for 14 days after inoculation with no 
clinical abnormalities or fatalities, in line with the guideline of [34]. 

According to [44] and [34], the final product should be free from any foreign 
contaminants and safe for lambs. The intended lyophilized vaccine was con-
firmed to be sterile and free from mycoplasma, aerobic, anaerobic bacteria, and 
fungal contamination. It was also safe for inoculated lambs showing no elevation 
in body temperature which stayed within the physical levels for successive 14 
days post-vaccination without clinical abnormalities or deaths (Table 2). 

Clinical examination of sheep vaccinated with the two different reconstitu-
tions of lyophilized inactivated RVF vaccines reconstitution (1) with saponin 
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and reconstitution (2) with normal saline) showed no observable symptoms of 
disease or local reactivity at the injection site during the course of the examina-
tion. Similarly, [13] observed that inoculated animals did not experience any 
unfavorable post-vaccinal reactions after receiving the inactivated lyophilized 
RVF vaccine diluted with saponin and [26] reported that calves vaccinated with 
lyophilized inactivated RVF vaccine using Carbopol showing no any abnormal 
local or systemic clinical signs. 

The reconstitutions of the vaccines were assessed for cell-mediated immune 
responses using optical density as a proxy for cell proliferation. Table 3 and 
Figure 1 illustrate that while a detectable immune response was observed in 
both groups of sheep, it was more early and significantly higher in sheep vacci-
nated with the lyophilized inactivated RVF vaccine diluted with Saponin (re-
constitution-1) than in sheep vaccinated with the vaccine diluted with normal 
saline (constituation-2). Early significant-high macrophage activity was observed 
in sheep vaccinated with both diluents but more significant in group (1) vacci-
nated lyophilized RVF vaccine with Saponin as shown in Table 4 & Table 5 and 
Figure 2 & Figure 3. These results agreed with [18] who supplied the proof that  
 

 
Figure 1. Lymphocyte blastogenesis assay.  

 

 
Figure 2. The phagocytic percentage. 
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Figure 3. Phagocytic indices. 
 
carbopol is a cellular immune response modulator and enhancer by inducing 
early IFN-γ-producing cells and by preferentially driving T cell differentiation to 
effector phenotypes. And [45] who reported that Saponin based adjuvants have 
the ability to stimulate the cell mediated immune system as well as to enhance 
antibody production. 

Humeral immune response was evaluated by applying Serum neutralization 
test as shown in Table 6 and Figure 4, revealing that the RVF serum neutraliz-
ing antibody titers noticed to be protective in both groups at the 2nd week post 
vaccination but more significant in group (1) vaccinated with lyophilized Car-
bopol inactivated vaccine diluted with Saponin than the second group vacci-
nated with the same vaccine but diluted with normal saline (2.8 and 1.7) respec-
tively. After that the both groups show an increase in the antibody titer till 
reached the peak level (3.8) in the 3rd month in the first group while the second 
group reached the protective level (3.2) in the 4th month post vaccination. Then 
the level of the antibodies started to decline but stayed within the protective level 
(1.5) in the group (1) till the end of the 11th month post vaccination while in 
second group it stayed within the protective level (1.8) till the end of 10th month 
postvaccination. These results agree with [13]. They found that the immunolog-
ical response in sheep given two doses of the lyophilized RVF vaccine, stabilized 
with lactalbumin and sucrose and diluted with saponin, remained within the 
protective range until the end of the ninth month after vaccination. Also, these 
results related to the use of saponin as adjuvant where [26] showed that a supe-
rior humoral immune response was induced by the produced freeze-dried vac-
cine containing both BEF and RVF along with carbopol. The results that were 
obtained seem to coincide with [19], who revealed that saponin-based adjuvants 
have the advantage of just requiring a little dose to have an adjuvant effect and 
can alter the cell-mediated immune response as well as improve the production 
of antibodies, and [46] who reported that Saponin-based adjuvants (SBAs) are 
promising new adjuvants that stand out as they not only enforce CD4+T cell- 
mediated immunity but also motivate the antibody response. Even 112 days after 
vaccination, the use of saponin adjuvanted vaccines against rabies, a pertinent  
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Figure 4. Mean serum neutralizing antibody indices in vaccinated sheep groups. 

 
pathogenic virus that may infect both urban and rural areas, seems to have in-
duced both Th1 and Th2 immune responses, resulting in high antibody titers in 
sera [47]. 

5. Conclusions 

Adjuvants are an essential aspect of vaccines because they increase the strength 
and durability of immune responses. The sort of immunological response that is 
elicited depends on the adjuvant’s composition. In this study, we have examined 
the effects of the immunogenic lyophilized inactivated RVF vaccine on cellular 
and humeral immunological responses, using carbopol as a stabilizing agent 
when reconstituted with either Saponin or normal saline. Based on the gathered 
information and findings, it is possible to conclude that lyophilized inactivated 
Rift Valley fever vaccine is a safe and effective vaccination with a long immune 
response. Also, the obtained results showed the possibility of using Carbopol 
and Saponin in the lyophilized inactivated RVF vaccine for eliciting good level of 
protective immunity against RVF diseases in Sheep with accepted duration of 
immunity.  

It is necessary to investigate the dried product’s long-term stability. 
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