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Abstract

The present study aimed to improve the potency of inactivated Rift Valley Fever Virus (RVFV) vaccine using chitosan (CS)
or chitosan nanoparticles (CNP) as adjuvants. Chitosan nanoparticles were prepared by ionic gelation method. Rift Valley
Fever Virus (RVFV) inactivated antigen was loaded on CS and CNP to form two vaccine formulations, RVFV-chitosan nano-
particles based vaccine (RVFV-CNP) and RVFV chitosan based vaccine (RVFV-CS). Five groups of mice were used in this
study, each group was injected with one of the following: phosphate buffer saline (groupl G1), RVFV-CNP (G2), (RVF-CS)
(G3), RVFV-Alum based vaccine (RVFV-Alum) (G4) and adjuvant free RVFV inactivated antigen (RVFV-Ag) (G5). The
immunization was performed twice with 2 weeks interval. The results showed that, RVFV-CNP vaccine enhanced strongly
the phagocytic activity of peritoneal macrophage (PM), neutralization antibodies titer against RVFV and IgG values against
RVFV nucleoprotein than other vaccine formulations did. In addition, the RVFV-CNP and RVF-CS vaccines upregulate
the gene expression of IL-2, IFN-y (which promote cell mediated immunity) and IL-4 (which promote humeral immunity),
while RVFV-Alum vaccine upregulate the gene expression of IL-4 only. These findings indicated that CS and CNP were
comparable to the alum as adjuvant in efficacy but superior to it in inducing cell-mediated immune response and might be
a candidate adjuvant for inactivated RVFV vaccine.
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Introduction

Rift Valley Fever is an arthropod-borne viral disease affect-
ing various classes of mammals including man (Gubler
et al. 2002). The main vectors are mosquitoes of the genera,
Aedes and Culex species that have a wide global distribu-
tion (Kenawy et al. 2018). RVFV is a member of the genus
phlebo-virus, order Bunyavirales and belongs to family
Phlebo-virus. It is an enveloped virus with a diameter of
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90-110 nm (Ellis et al. 1988). RVFV was first isolated in
1930. RVF has proven to be capable of emerging in new
areas or reappearing after long periods of dormancy. More
than outbreaks have been recorded in Egypt (1977, 1993 and
2003) (Himeidan et al. 2016).In ruminants, RVFV causes
massive abortion and high mortality among young animals
(Coetzer 1982).

Successful vaccine depends on the use of adjuvants
(Gupta et al. 2011), which boost the potency and longev-
ity of specific immune responses to antigens with mini-
mal toxicity without having any specific antigenic effect
on their own (Wack and Rappuoli 2005). The aluminum
hydroxide gel (alum) adjuvant has been successfully used
in millions of humans as the principle adjuvant in clini-
cal vaccines since 1932 (Marrack et al. 2009). However,
alum-based adjuvant induce severe local tissue irritation,
long duration of the inflammatory reaction at the injection
site, strong T helper cell 2 (Th2) responses (Confavreux
et al. 2001; Averhoff et al. 1998) and does not induce
the cytokines interleukin-2 (IL-2) and interferon-gamma
(IFN-y) which are involved in cell-mediated immune
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responses [T helper cell 1(Th1) type response] (Ulanova,
et al. 2001). Therefore, there is an urgent requirement
for the development of alternative adjuvants, capable of
boosting (Th1) type responses without unacceptable tox-
icity (Office International Des Epizooties (OIE) (2008)).

Chitosan, 2-amino-2-deoxy-b-d-glucan, is obtained
by deacetylation of chitin which is produced in shells of
crab, shrimps, insects, mushroom cell wall. Chitosan is a
non-toxic, biocompatible and biodegradable natural poly-
saccharide (Li et al. 2013). Due to its valuable proper-
ties, chitosan offers advantages for adjuvant and vaccine
delivery systems (Temsahy et al. 2014). Chitosan nano-
particles were easily formed by the ionic cross-linking
and spontaneously gelation in aqueous solution; it is the
reaction between amine groups of chitosan and phosphate
groups of tripolyphosphate (TPP). Experimental results
have proved that CNP was capable of efficiently deliver-
ing encapsulated antigens and enhancing the activation of
macrophages and dendritic cells (Koppolu et al. 2013).
In addition, it elicited a balanced Th1/Th2 response and
induced a strong potential to increase both cellular and
humoral immune responses (Wen et al.2011). As potential
characteristics in vaccine application, CNP have been used
as novel adjuvants for some vaccines as A/HIn1 Influenza
Vaccine (Dzung et al. 2011), inactivated Avian Influenza
(HI9N2) Vaccine (Khalili et al. 2015) and live Newcastle
disease virus vaccine (Zhao et al. 2012), but no data are
available about using chitosan nanoparticle as adjuvant
with RVFYV inactivated vaccine Yeh et al. (2017) and Sefe-
ria and Martinez (2001).

Therefore, the present work aims to evaluate the adju-
vant efficacy of CS and CNP and its ability to amplify the
humoral and cell-mediated immune response against RVFV
inactivated vaccine in comparison to aluminum hydroxide.
The morphological character of CNP and the loading effi-
cacy of RVF inactivated antigen on CNP were studied.

Materials and methods

Chitosan

Chitosan (100-300 kDa), were obtained from Acros-Organic
com. Thermo Fisher Scientific, NJ, USA (Code 349051000
Lot A0376581.CAS:9012-76-4, the degree of deacetylation
was 90%).

Virus strain

Local Egyptian RVFV strains, Pan Tropic-Menya Strain
(Menya/Sheep/258) were used for vaccine production at
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RVFV department, Holding Company for Biological Prod-
ucts, Vaccines and Drugs (VACSERA), Giza, Egypt.

RVFV antigen

RVFV antigen was whole inactivated virus prepared
according to the manual of standards for the vaccine
(Kool et al. 2008). The RVFV strain was propagated on
BHK-211. The inoculated flasks were daily microscopi-
cally examined for 5 days for the development of cyto-
pathic effect (CPE). Flasks developed CPE reach about
75-85% were freeze and thawed three times for virus
release, which collected and clarified from cell debris by
centrifugation (8000 rpm, 30 min at 4 °C). The harvested
virus was titrated (107> TCID /ml), inactivated using 0.2%
formalin and filtrated through 0.22 pm membrane, puri-
fied using sucrose gradient method according to Murakami
et al. (2014) and kept at — 80 °C. The RVFV antigen con-
tains (32 pg/mL) protein.

Inactivation of RVFV vaccine

RVFV vaccine was a whole inactivated vaccine, inacti-
vated by 0.2% formalin and has alum gel as an adjuvant
and was tested for safety, sterility.

Preparation of chitosan nanoparticles

Chitosan nanoparticles were prepared according to Dzung
et al. (2011) based on the ionic gelation method by using
TPP as an ionic crosslinking agent with some modifica-
tion. Briefly, Chitosan was dissolved in 0.5% acetic acid
solution then adjusted to PH 5.5 and filtered through a
0.22 um filter, then one volume of TPP solution (0.5 mg/
ml) was added dropwise to three-volume of CS solu-
tion (1 mg/ml) under magnetic stirring for 60 min. The
nanoparticles formed were centrifuged at 13,000 rpm for
30 min, and then washed three times with deionized water,
freeze-drying and store at 4 °C.

Loading RVFV antigen on chitosan or chitosan
nanoparticles

One volume of RVFV antigen contains (32 pg/ml) pro-
tein, were added drop by drop to two-volume of chitosan
solution (1 mg/ml) or chitosan nanoparticles (1 mg/l)
under magnetic stirring for 1 h to completely adsorb the
antigen onto the adjuvant. The RVFV-chitosan (RVFV-
CS) or RVFV-chitosan nanoparticles (RVFV-CNP) were
separated by centrifugation at 13,000 rpm for 30 min at
4 °C then washed with deionized water and reconstituted
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to the original volume and kept for further analysis and
mice vaccination.

Characterization of nanoparticles

Morphology of CNP or RVFV-CNP was examined using
transmission electron microscopy (TEM) (HT7700;
Hitachi, Tokyo, Japan). The size and zeta potential of the
particle were measured, using Particle sizer NICOMP_380
ZLS Dynamic light scattering (DLS) instrument (PSS,
Santa Barbara, CA, USA). To estimate the loading effi-
ciency (% LE) of RVFV-CNP, the nanoparticles were
separating by centrifugation at 13,000 rpm for 30 min.
The supernatant was collected and protein content (free
RVFV antigen) in the supernatant was determined using
Nano Drop Spectrophotometer ND 1000 (Thermo-Scien-
tific, USA). The LE% was performed in triplicate. calcu-
lated according to the formula of (Zhao et al. 2012) (total
amount of RVFV protein — the amount of RVFV protein
in the supernatant)/total amount of RVFV protein] x 100].

Safety test

To estimate the safety of both RVFV-CS and RVFV-CNP
Vaccines, 20 mice were separated into two groups, mice in
Ist group immunized S/C with 0.8 mL RVFV-CS and mice
in second group immunized S/C with 0.8 mL RVFV-CNP.
Any abnormal signs were recorded for 2 weeks.

Experimental design

To study the efficiency of chitosan and chitosan nanoparti-
cle as an adjuvant in comparison to aluminium hydroxide,
250 Swiss albino mice were allocated into five groups (50/
each group). Mice in (G1) were injected with phosphate
buffer saline and kept as a control group. Mice in (G2)
were vaccinated with RVFV-CNP vaccine. Mice in (G3)
were vaccinated with RVFV-CS vaccine. Mice in (G4)
were vaccinated with RVFV-Alum based vaccine (com-
mercial vaccine), while mice in (G5) were vaccinated with
RVFV adjuvant free vaccine. (All mice were subcutane-
ously vaccinated two times with 2 weeks interval in dorsal
skinfold with 0.2 ml of RVFV antigen containing (32 pg/
mL) protein in the different vaccine formulations.) Serum
samples were collected from all groups (6 samples/group)
at zero time then weekly tell eighth week post second vac-
cination to estimate the RVFV neutralizing antibodies titer
and IgG values against RVFV nucleoprotein as well as
serum sample were collected at third and seventh-day post
second vaccination to measure the levels of nitric oxide

(NO) and lysozyme activity. Moreover, PM was collected
from mice of all groups (6 samples/group) to estimate the
phagocytic activities of PM, also Spleen of five mice from
each group were collected for RNA extraction to estimate
gene expression of IL2, IFN-y and IL4 at third and seventh
day post second vaccination.

(Care of laboratory animals and animal experimentation
were conducted following the ethical guidelines of the medi-
cal ethical committee of the National Research Centre in

Egypo).
Evaluation of innate immunity

Phagocytic activity of PM was estimated using Candida
albicans according to Victor et al. (2003).The phagocytic
% (number of macrophages engulf one or more Candida
spores/100 macrophage cells) and phagocytic index (the
number of engulfed Candida spores/number of phagocytic
macrophage) were calculated. Lysozyme activity was meas-
ured by agarose plate lyses assay according to Peeters and
Vantrapen (1977). Nitric oxide was determined by Griess
reagent after deproteinization of serum and reduction of
nitrate to nitrite using Copper plated Cadmium according
to Yang et al. (2010).

Evaluation of humoral immunity
Detection of neutralized antibodies to RVFV vaccines

RVFYV neutralizing antibodies were detected by serum neu-
tralization test (SNT) as duplicates of twofold serial dilu-
tions of sera starting from 1:10 were added to an equal
volume of diluted RVFV into 96-well microtiter plates and
incubated for 1 h at 37 °C. Then 10° Vero cells were added
to each well and the plates were incubated at 37 °C with 5%
CO, for 5 days with the daily microscopic investigation. The
titers were expressed as the inverse highest dilutions giving
50% of CPE. Sera with titers higher than 10 were considered
to be positive.

Detection of IgG antibodies to RVFV vaccines

Detection of IgG antibodies against RVFV vaccines were
measured using competitive ELISA kit (ID vet Innovative
Diagnostics Kits-France) following the manufacturer’s
instructions through detection of anti-RVFV nucleoprotein
antibodies in mice serum. The values of IgG antibodies
are expressed as competition percentage of sample/nega-
tive % (S/N %). SIN % = 0D of sample/OD of negative
control X 100.

If S/N% <40% considered positive, 40% < S/N% <50%
considered doubtful and S/N% > 50% considered negative.
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The SYBR green Q RT-PCR assays

Real-time PCR was used for relative quantification of mRNA
for IFN- vy, IL-2 and IL-4.

RNA extraction

Total RNA was purified from spleen tissue using the
QIAamp RNeasy mini kit (Qiagen, Germany, GmbH) as
recommended by the manufacturer.

Oligonucleotide primers

Primers used were supplied from Metabion (Germany) are
listed in Table 1.

SYBR green RT-PCR

Primers were utilized in a 25-pl reaction containing 12.5 ul
of the 2x QuantiTect SYBR Green PCR Master Mix (Qia-
gen, Germany, GmbH), 0.25 pl of Verso Enzyme Mix,
1.25 ul of RT enhancer (Thermo Scientific, Germany), 0.5 pl
of each primer of 50 p mol concentration, 4 ul of water,
and 6 pl of RNA template. The reaction was performed in a
Stratagene MX3005P real time PCR machine.

Analysis of the SYBR green RT-PCR results

Amplification curves and comparative threshold cycles (CT)
values were determined by strata gene MX3005P software.
To estimate the variation of gene expression on the RNA of
the different samples, the CT of each sample was compared
with that of the control group according to the “AA Ct”
method by Yuan et al. 2006) using the following ratio:(2™).
Whereas AA Ct=A Ct reference — A Ct target. Normaliza-
tion was done using the housekeeping gene (B. actin) (Sisto
et al. 2003; Jain et al. 2009).

Statistical analysis

Data were presented as mean and standard errors. The signif-
icance of the results was evaluated using analysis of variance
(ANOVA) and LSD at P <0.05 using Statistical Package for
Social Science SPSS (2006).
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Results
Characterization of CNP and RVFV-CNP

The results of TEM assay revealed that CNP and RVFV-
CNP were regularly formed and have nearly spherical
shapes, regularly formed with smooth surface (Fig. 1a, ab).

Using DLS the average size was 140.4 +58.3 for CNP
and 282 + 110 nm for RVFV-CNP with polydispersity index
0.172 and 0.177, respectively. The surface zeta potential was
positive 16.7 and 9.24 mV, respectively. RVFV loading on
CNP was investigated and it was shown that the loading
efficacy of RVFV on CNP was 93.75%.

Safety test

The in-vivo safety test of RVFV-CNP and RVFV-CS vaccine
demonstrated that the feeding and drinking were normal. No
clinical sign or necropsy lesions were observed in injected
mice.

Innate immune response

Phagocytic activity of PM showed a significant increase in
both phagocytic % and index in mice vaccinated with RVFV-
CNP, RVFV-CS and alum-based vaccine at third day post
second vaccination, also with those vaccinated with RVFV-
CNP and RVFV-CS vaccine at seventh day post second vac-
cination comparing with control and adjuvant free vaccine.
The highest values were recorded in mice vaccinated with
RVFV-CNP (Fig. 2; Table 2). Lysozyme activity was sig-
nificantly increased in mice vaccinated with RVFV-CNP
or RVFV-CS comparing with other groups at the third and
seventh day post second vaccination. The level of serum NO
in mice vaccinated with the alum-based vaccine (G4) was
significantly increased than that of all groups at third day
post second vaccination (Table 3).

Antibody response against RVFV vaccine

The neutralizing antibodies titer against RVFV vaccines are
shown in Fig. 3, where the mice vaccinated with the alum-
based vaccine (RVFV-Alum) (G4), recorded the highest val-
ues until third week post second vaccination. However, the
neutralizing antibody titer of mice immunized with RVFV-
CNP (G2) and RVFV-CS (G3) was elevated gradually and
beaked at fourth and fifth week post second vaccination,
respectively with the highest titer tell the end of experiment.

The titers were expressed as the inverse highest dilutions
giving 50% of CPE. Data are presented as mean + standard
error (n=06). Mean with different superscript small litters
indicate significantly different in the same time (between
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Fig.2 Mice peritoneal macrophages
engulfed Candida albicans spores (Giemsa stain X 100)
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from RVFV-CNP group

groups) (P <05). G1: control group injected with PBS, G2:
mice vaccinated with RVFV-CNP vaccine; G3: mice vacci-
nated RVFV-CS vaccine; G4: mice vaccinated with RVFV-
Alum based vaccine; G5: mice vaccinated with RVFV adju-
vant free vaccine (RVFV-Ag). *Week post first vaccination
**week post second vaccination. (0) have neutralization
titer < 10.

Also, the humoral immune response against RVFV vac-
cines were determined by measuring IgG against RVFV
nucleoprotein (Fig. 4) where the antibodies values of mice
vaccinated with alum-based vaccine (RVFV-Alum) (G4)
beaked at third week post second vaccination. However,
antibody values of mice immunized with RVFV-CNP (G2)
and RVFV-CS (G3) were beaked at fifth week post second
vaccination with significantly high values at that time com-
paring with other groups.

Table 2 Phagocytic percentage and phagocytic index of peritoneal macrophages of mice vaccinated with different vaccine formulations

Parameter

Group

Time post 2nd
vaccination

G1 (control)

G2 (RVFV-CNP) G3 (RVFV-CS) G4 (RVFV-alum) G5 (RVFV- Ag)

Phagocytic percent 3rd day

7th day

Phagocytic index 3rd day

7th day

56.33+1.15¢
5431+1.72¢
2.68+0.03¢
2.59+0.02¢

80.83 +2.09°
86.11+1.21%
5.96+0.12*
6.01+0.09

66.33+0.85° 68.17+1.71° 57.50+1.12¢
70.62+0.91° 55.12+1.51¢ 53.01+1.92¢
3.92+0.08° 3.22+0.11% 2.72+0.04°
421+0.03° 2.92+0.14° 2.62+0.02¢

Data are presented as the mean + standard error (n=6). Mean with different superscript small letters indicate significantly different in the same
row (between groups) (P <05)
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Table 3 Serum lysozyme (ug/ml) activity and nitric oxide values (umol/ml) of mice vaccinated with different vaccine formulations
Parameter Groups
Time post 2nd ~ G1 (control) G2 (RVFV-CNP) G3 (RVFV-CS) G4 (RVFV-Alum) G5 (RVFV-Ag)
vaccination
Lysozyme (ug/ml) 3rd day 177 +£3.61° 227+9.71* 222+11.342 175+5.86° 192 +5.64°
7th day 170 £4.30° 245+9.57 210+17.29* 163 +6.45° 182+3.62°
Nitric oxide (umol/ml)  3rd day 8.10+0.86° 12.17+£0.28% 11.73+0.94° 15.21+0.98* 8.35+1.37°
7th day 7.36+0.22° 11.47 £0.63* 10.13+0.78% 12.49+0.51* 7.87+0.99°

Data are presented as the mean + standard error (n=6). Mean with different superscript small letters indicate significantly different in the same

row (between groups) (P <0.05)

Fig.3 The RVFV neutralizing o 200
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nated with different inactivated s
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Fig.4 Serum IgG antibodies . §‘ 3 3 3 3 3
against RVFV nucleoprotein Q
(using competitive ELISA) éé& Q‘»"‘ Q¥ q'\? Q'\"\ @(\ Q"bcb Q’\v‘\b Q@‘b Q‘\r(9 Q’&(b
induced by different inactivated & :}@ o ‘}@ os* ‘S“ ‘S\-Xx 5\"‘ ,5\'9 5\‘* 5:“
RVFV vaccines in mice g" A N % » ) Q@ A )

Compitition percent (S/N %)
=

The values are expressed as competition percentage (OD
of the sample /OD of the negative control X 100)—Data are
presented as the mean + standard error (n=6). Mean with
different superscript small litters indicate significantly differ-
ent in the same time (between groups) (P <05). G1: control
group injected with PBS, G2: mice vaccinated with RVFV-
CNP vaccine; G3: mice vaccinated RVFV-CS vaccine;
G4: mice vaccinated with RVFV-Alum based vaccine; G5:

=== G1
e G2
e G3
=p=04

= G5

mice vaccinated with RVFV adjuvant free vaccine (RVFV-
Ag). *Week post first vaccination **week post-second
vaccination.

Cytokine mRNA gene expression

The level of gene expression in splenocytes of vaccinated
mice was estimated using the SYBR Green RT-qPCR
/
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Table 4 Cytokine mRNA gene expression (fold change of control) of mice vaccinated with different vaccine formulations

Parameter Group
Time post2nd  G1 (control) G2 (RVFV-CNP) G3 (RVEV-CS) G4 (RVFV-Alum) G5 (RVFV-Ag)
vaccination
IFN-y 3rd day 1 19.7+0.31° 7+0.57° 3.50+1.21¢ 0.4+0.05¢
7th day 1 15.0+3.05 15.25+0.5% 2.1+0.43° 1.25+0.58°
IL-2 3rd day 1 18.50+1.33" 9.75+0.88° 4.7+0.34¢ 0.52+0.03¢
7th day 1 14.2+2.08 12.75+£0.67* 2.7+0.57° 0.65+0.12¢
IL-4 3rd day 1 20.4+2.01° 13.75+0.89° 26.7+1.53 5.25+0.67¢
7th day 1 23.25+0.89° 15.75+0.33¢ 29.75+1.33* 4.75+0.75°

SYBR green real-time RT-PCR for evaluation of mRNA expression of IFN-y, IL-2 and IL-4 genes in mice spleen from groups immunized with
different vaccine formulations. Relative expression fold change was calculated by 2722 method and -actin was used as the endogenous refer-
ence gene to normalize the expression level of target+ gene. Values represent means + SE. Mean with different superscript small letters indicate

significantly different in the same row (between groups) (P <0.05)

assay (Table 4) Both RVFV-CNPand RVFV -CS vaccines
(G2&G3) induced a significantly higher expression of IFN-y
and IL-2 at third and seventh day post second vaccination
than other vaccine formulation. While vaccination with
RVFV-Alum based vaccine resulted in the highest expres-
sion of IL-4 and relatively lower expression of IFN-y and
IL-2 at third and seventh day post second vaccination. While
mice vaccinated with adjuvant free vaccine expressed very
low levels of all cytokine mRNA.

SYBR green real-time RT-PCR was used for evalua-
tion of mRNA expression of IFN-y, IL-2 and IL-4 genes in
mice spleen from groups immunized with different vaccine
formulations. Relative expression fold change was calcu-
lated by 2722 method and p-actin was used as the endog-
enous reference gene to normalize the expression level of
target + gene. Data are presented as mean =+ standard error
(n=6). Mean with different superscript small letters indi-
cate significantly different in the same row (between groups)
(P<0.05).

Discussion

Adjuvants are an important gateway to better vaccines. Ide-
ally, adjuvant should be biodegradable, not be immunogenic
themselves, offer excellent safety, tolerability and ease of
manufacture (Pulendran and Ahmed 2006). Due to its bio-
compatibility, biodegradability, non-toxic nature and easily
modified into desired shapes and sizes, chitosan may be a
suitable polymer to be used as a delivery vehicle for vaccines
(Van der Lubben et al. 2001). In the present study, the chi-
tosan possesses a negative charge and it is the most popular
because of its non-toxic property and Quick gelling abil-
ity. The formation of CNP takes place due to the attraction
between positively charged chitosan and negatively charged
TPP (Yang et al. 2009).
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Morphologically, the TEM images of CNP prepared
in the present work were found to be spherical in shape,
smooth surface, have poly-dispersed nature and its average
size obtained using DLS, was (145 nm). In the same regard,
Han et al. (2016) obtained CNP with an average size of
127.9 nm and Hassani et al. ( 2015) prepared chitosan—TPP
nanoparticles with a mean size around 90-100 nm, also
Dzung et al. (2011) obtained CNP with 106.77 nm. Whereas
the average particle size of the prepared RVFV-CNP was
282+ 110 nm by DLS. Zhao et al. (2012) obtained NDV-
loaded CNP with a mean size of 371.1 nm. The wide vari-
ation of nanoparticles size may be due to different chitosan
polymeric properties, CS/TPP ratio, and other condition
used during preparation (AL-Nemrawi et al. 2018). Zeta
potential is the surface charge which greatly influences par-
ticle stability in suspension through the electronic repulsion
between particles. It can also determine nanoparticle inter-
action in vivo condition. The obtained results showed that
the Zeta potential of CNP was 16.7 mV which reduced to
9.24 mV in RVFV-CNP. This result was supported by that of
Mirzaei et al (2017) who obtained CNP with a zeta potential
of 19.8 Mv and Zhao et al. (2012) who recorded that the zeta
potential of CNP containing the lentogenic virus vaccine
against NDV was 2.84 mV.

The safety of the prepared RVFV-CNP and RVFV-CS
were tested by safety test in mice in which the dose was four
times the normal dosage showing a high level of safety in
mice.

Regarding the innate immune responses of mice following
vaccination with different vaccine formulations, RVFV-CNP
vaccinated mice showed a significant increase in both phago-
cytic % and index comparing with other groups. Lysozyme
activity was significantly increased in mice immunized with
RVFV-CNP and that immunized with RVFV-CS compar-
ing with other groups, which indicate an enhancement of
macrophage activity. Several researchers have found that
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chitosan could be a potent activator of macrophages and
natural killer cells (Peluso et al.1994). Also, chitosan can
increase the pinocytic activity of macrophages cell lines (Wu
et al. 2015). In the case of nitric oxide assay, the alum—based
vaccine elicited high level comparing with RVFV-CNP and
RVFV-CS vaccine. This result comes following Rajan et al.
(1996) who found that alum can induce NO synthesis in
murine macrophages. This may be attributed to the fact that
alum act as an inflammatory agent, provoke local tissue irri-
tation and long inflammatory reaction at the site of injection
which leads to the inflammatory cascade activation.

The obtained results of gene expression of IFN-vy, IL-2,
and IL-4 revealed that RVFV-CNP vaccine induced the
highest values of IFN- y and IL-2 at third and seventh day
post second vaccination, while the highest values of IL-4
were recorded in mice immunized with the alum-based
vaccine (RVFV-alum), followed by mice immunized with
RVFV-CNP. The gene expression of IFN-y and IL-2 were
used to investigate type-1 immune response (T helper 1)
which promote cell-mediated immunity and activated mac-
rophages. The gene expression of IL-4 was used to investi-
gate type-2 immune response (T helper 2) which promotes
humoral immunity through secretion of antibodies from
B-lymphocyte. In the same regard, Huang et al. (2018)
recorded that immunization with chitosan-DNA nanopar-
ticles vaccine triggered the higher levels of IFN-y, IL-2,
and IL-4 in comparison to other groups.

The values of both neutralizing antibody and IgG anti-
bodies against RVFV nucleoprotein of mice immunized
with alum inactivated vaccine peaked earlier than that
immunized with RVFV-CNP or RVFV-CS. However, in
RVFV-CNP and RVFV-CS groups, the neutralizing anti-
body and IgG increased gradually and peaked at fourth
and fifth week post second vaccination respectively with
long duration and with much better value at the end of
the experiment. These results were supported by Kahlili
et al. (2015) who recorded that the Avian Influenza virus
(AIV) loaded into CNP vaccines induce appropriate anti-
body titers and significantly enhances the immunogenicity
of inactivated AIV. Also, Zaharoff et al. (2007) recorded
that chitosan enhanced antigen-specific antibody titers
over fivefolds and chitosan adjuvant was better than Fre-
und and alum.

The mechanism of action of chitosan and CNP as paren-
tal adjuvant include their immune-stimulating activity such
as increasing macrophage activity, inducing cytokines and
augmenting antibody responses (Wardani et al. 2018). Also,
loaded RVFV antigen with nanometer size are easy to go
through the cell membrane and release RVFV antigen to
stimulate B cells and T cells and induce strong immune
responses against the antigen. Moreover, RVFV antigen-
loaded chitosan nanoparticles can be maintainable in tis-
sue longer than the other carriers and the duration of the

response is longer (Dzung et al. 2011). A recent study
pinpointed that chitosan stimulates Th1 cell cytokine pro-
duction as a consequence of its triggering of type I IFN-
dependent dendritic cell activation. This pathway involves
the phagocytic uptake of the CS which induces mitochon-
drial stress leading to reactive oxygen species production
and the release of mitochondrial DNA, which in turn binds
to cyclic-di-GMP-AMP synthase (cGAS) and generating
cyclic di-nucleotides (CDNs) which stimulate the stimula-
tor of IFN genes (STING) pathway. These cytokines were
then responsible for activation of dendritic cell (Carroll et al.
2016) which upregulate the expression of MHC I/IT along
with other co-stimulatory surface proteins that are required
for processing, and antigen presentation to T cells, and pro-
duction of cytokines required for T-cell activation and induc-
tion of cellular immunity (West et al. 2004).

Conclusion

In the present study, Chitosan nanoparticles prepared by
gel ionic method can efficiently load inactivated RVFV
antigen. In vivo vaccination of mice showed that the
RVFV-CS and RVFV-CNP vaccines are safe, strongly
stimulate the innate and adaptive immune response and
particularly promotes the developments of Thl response
manifested by significantly induce gene expression of
IFN-y and IL-2, Chitosan nanoparticles show the better
efficacy on enhancing the immune response against RVFV
than other groups. More studies need to be conducted to
further optimize these chitosan nanoparticles for use in the
commercial application used in vaccines instead of alum.
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