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ABSTRACT

Present study aimed to evaluate sphere (S) and rod (R) gold nanoparticles (GNPs) as immune enhancer. Immune
response to B-propiolactone (BPL) inactivated Rift Valley Fever (RVF) vaccine enhanced with GNPs was
compared with aluminum (Alum) as a current adjuvanted. Regarding inactivation kinetics, BPL showed a fast
inactivation kinetic recording depletion rate in order of 1.2 log (10 / 15 min. Also, it was noticed that the immune
response post subcutanious (SC) immunization was GNPs, shape and molar concentration dependent. The peak
antibody (Ab) level was detected on the 30™ day post immunization in case of Alum and 20 nM of RGNPs, while
the peak value was reached on the 45" day post vaccination in the rest of test groups. The least value of Ab was in
case of non adjuvanted RVF vaccine. In the mean time cellular immune response was influenced where the peak
levels of IFN-y and IL-10 were detected in case of Alum adjuvanted vaccine and 20 nM SGNP enhanced vaccine,
while the rest formulae showed lower values. The levels of IL-10 and IFN-y was time related and declining phase
was noticed on the 45" day and in case of 20 nM of SGNPs there was a stationary phase extended throughout the

7" — 30™ day post vaccination.
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INTRODUCTION

Rift Valley fever virus (RVFV) is a mosquito-borne
zoonotic pathogen causing severe outbreaks in humans
and livestock in sub-Saharan Africa and the Arabian
Peninsula. Human infections are characterized by fever,
sometimes  leading to  encephalitis, retinitis,
hemorrhagic fever, and occasionally death!". Control of
RVF in Egypt depends mainly on periodical vector
control and vaccination of susceptible animals with
binary  inactivated = RVF  vaccine.  Several
RVF vaccines have been developed and are available in
commercial production like Formalin and pBPL-
Inactivated vaccine, live attenuated Smithburn vaccine
and the most recent Clone13™!. Alum compounds have
been approved as adjuvant for human use in several
European countriest. In the United States, Alum
compounds are the most extensively used adjuvants in
licensed vaccines. Although they effectively enhance
immune responses, there are several disadvantages
associated with their use™. The disadvantages of Alum-
based adjuvants include the severity of local tissue
irritation, the longer duration of the inflammatory
reaction at the injection sitel®. For these reasons, new
adjuvants are being developed to enhance the immunity
against antigens. Many other adjuvants are designed to
induce minimal side effects, enhance the duration of the
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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 responsel’.
Nanoparticles can be used to overcome some of the
limitations found in traditional vaccines®. Nanoparticles
can also stimulate immune response by acting as
adjuvants®.  Nanoparticles that have immense
applications in industries are of different types, namely,
Gold, Silver, Alloy, magnetic etc. GNPs are used in
immunochemical studies for identification of protein
interactions. Gold nanorods and sphere are being used to
detect cancer stem cells, beneficial for cancer diagnosis
and for identification of different classes of bacterial'!.
So the present study aimed to evaluate GNPs with
different shapes and concentrations as adjuvant against
RVFV.

MATERIALS AND METHODS

Rift vally fever virus strain

A seed stock of pan tropic Menya, sheep No. 258
(Menya /Sheep/258) strain was kindly provided by Dr. El
Karamany, Ex-G.M. of research and development sector
VACSERA, Egypt. The strain had a titre of 10%7/ ml
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MICLso/ml of sucking mice and 10”° / ml (MIPLDsy/
ml).

Maintenance of cell line and seed stock preparation
Vero cells were kindly supplied by cell culture
department, virology sector, VACSERA, Giza, Egypt.
Growth medium was removed from the decanted cell
culture flasks, and the monolayer was washed with
sterile PBS, pH 7.2. Vero cells were trypsinized with
0.25% (W/V) trypsin - EDTA solution (Invitrogen, San
Diego, Calif. USA), by dispensing 10 ml of trypsin
solution to the monolayer. Trypsinized cells were left for
15-30 seconds, and trypsin solution was removed. The
culture was held at 37 °C until the cells had pilled apart.
The cells were suspended to the proper concentration
(200.000 cells/ml) in 199-E medium ( GIBCO),
supplemented with 10% fetal calf serum (FCS) (Sigma
Chemical Co., St Louis, MO, USA in 75 cm? tissue
culture flasks (Nunc, Roskilde, Denmark). Then
incubated at 37 °C in 5% CO2 saturated atmosphere until
confluent monolayer detected. Growth medium was
discarded and replaced with 5 ml fresh medium
containing 10 % FCS which contain 100 TCIDg, of
RVFV sterile TC harvest and flasks were incubated in
CO, incubator for an hour. Bottles were shacked at 15
min interval for assurance of well virus distribution.
Maintenance media as 100 ml was added to each bottle.
Inoculated bottles were daily microscopically observed
for 7 days for detection of cellular changes and
development of cytopathic effect (CPE). Flasks
developed CPE were freeze and thawed three times for
virus extractiont'!].

Inactivation of RVFV using pPL

Chemical inactivation of concentrated RVFV with BPL
(Sigma — Aldrich — USA) was accomplished by adding
the reagent to a final concentration of 0.00035 M. After
vigorous mixing, the BPL-containing virus suspension
was kept at 37 "C.Samples of 1 ml of BPL-containing
virus were evaluated for interval infectivity titer
depletion rate at 15 min for 3 hours according to?.
Inactivation was achieved 10 fold serially dilution of
virus samples from 10" - 10® for determination of
residual live virus titer at certain time interval. Growth
medium was discarded from precultured 96- well plates
(Dynatech, Alexandria, VA, USA) and 0.1 ml of each
dilution was dispensed to 4 wells- uninoculated cell
control. Infected plates were kept at 37 °C at 5 % CO,
concentration for 7 days with daily microscopic
observation using inverted microscope (Hund-Germany)
for detection of cellular changes. Residual live RVF
virus titer was determined according to™™. The mean
RVFV infectivity titer depletion / hrwas determined.

Preparation of RVFV cell lysate Ag

RVFV was diluted to final dilution 1:50 in Hank's
balanced salt solution (GIBCO- USA). The growth
medium was poured off and 2 ml of virus per roller
bottle was added and allowed to adsorb for 60-90
minutes. Bottles were allowed to rotate on the roller
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apparatus (Belco-USA) 5 rpm/ minutes, followed by
addition of 100 ml of maintenance medium per roller
bottle. Bottles were incubated for 24 hr. The cells were
scraped with rubber policemen scraper, followed by
decantation into 200-ml centrifuge bottles then spin 15
min. at 3000 RPM at 4 °C. Pellet was re-suspended in
borate saline pH 9 into 50 ml Oak Ridge tube. Pellet was
rewashed and rotated for 10 min. at 12,000 RPM at 4 °C
and resuspended in borate saline solution, pH 9,
1%Tritan x 100 (Sigma Chemical Co. USA) , 1% SDS (
BIO-RAD). Pellet was sonicated in cup horn apparatus
until particulates dispersed, and then centrifuged for 10
min. at 12,000 RPM in cold centrifuge (Jouan France).
Supernatant was collected in polypropylene tube, and
pellet was discarded. The anti([;en was a liquated into
labeled tubes and store at -70 °CH“,

Preparation of adjuvants

Sphere and rod gold nano particles

SGNPs and RGNPs were purchased as 2nM from Nano
Tech. Company.

Alum adjuvant
Alum phosphate was prepared in 40 ml normal saline
according to!.

Animals

Male albino ratswere supplied from Theodore Bilharz
Research Institute, Giza, Cairo. Body weights of rats
ranged from 75-80 gm. Animals were housed in metallic
cages. All rats were housed in VACCERA animal house
and kept under good conditions of light and temperature,
allowed free access tap water and dry food diet. Animals
were kept under observation for about one week before
the onset of the experiment for adaptation. Care and
cleaning were important for maintaining the animals in a
normal healthy state.

Animals used in the present experiment were divided
into seven groups (ten rats in each group):

Group (1): served as the negative control (Neg. con.)

group.

Other sex groups were immunized subcutaneously by 0.5
ml RVF vaccine/rat as:

Group (2): RVF vaccine only (vac)

Group (3): RVF wvaccine conjugated with Alum
phosphate

Group (4): RVF vaccine conjugated with 20 Nm SGNPs

Group (5): RVF vaccine conjugated with 20 Nm RGNPs

Immunological Studies

1-Detection of 1gG antibody against RVF vaccine
Wells of polystyrene micro titer plates (96-flat bottomed
wells, M 129A Dynatech) were coated with 100 pl /well
of RVF antigen prepared as 1 pgm/ ml total protein in
carbonate buffer, pH 9.6 and incubated overnight at
room temperature. Plates were washed 3 times with
washing buffer (PBS - 0.5%Tween 20), blocked with
100 pl /well of 4% BSA (Sigma-Aldrich -USA) in 0.1 M
PBS, pH 7.4 and incubate for 1 hr at 37°C. Plates were
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washed as previous. Sera samples were 2 fold serially
diluted (starting dilution was 1/25) in the reciprocal wells

in dilution buffer (1% BSA- 100 ml PBS). Hundred pl of

immune sera were dispensed to each well and incubated
for 1 hr at 37°C. Plates were washed as previous. Rat
anti rat horseradish Peroxidase conjugate (Sigma-

Aldrich -USA) diluted in 1% BSA. Hundredul/well of

conjugate were dispensed to the whole plates. Plates
incubated for 60 min at 37°C, and were washed as
previous. Hundredul/well of substrate solution (one
tablet of O-phenylenediaminedihydrochloride; OPD) was
added as 100 pl/ well. Plates were incubated in the dark
at room temperature for 30 min. Hundredpl/well of 2N
H,SO, were added to stop the enzyme substrate reaction.
The absorbance was measured at 450 nm using ELISA
reader (Bio-Rad microplate reader, Richomond, Co.).

2-Cytokine determination

Serum IFN-y and IL-10 levels in rat sera were
determined according to the manufacturer instruction.
Plates of ELISA were coated with 100 pl /well of serial
dilute sera samples in PBS buffer and the plates
incubated overnight at room temperature. Plates were
aspirate to remove liquid and washed 4 times with
washing buffer (PBS - 0.5%Tween 20). Plates were
blocked by adding 300 pl /well blocking buffer and
incubated for 2 hr at room temperature. Plates were
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aspirate and washed as previous. Antibody was diluted in
diluent to a concentration of lug/ml then added 100
ul/well. Plates were incubated for 2 hr at room
temperature. Plates were aspirate and washed as
previous. Avidine-HRP conjugate was diluted 1:2000 in
diluent and 100 ul/well was added. Plates were incubated
for 30 min at room temperature, aspirate and washed as
previous. Hundred ul/well of substrate solution were
added and plates incubated in dark at room temperature
for color development. Color development with an
ELISA reader was monitored at 405 nm.

Statistical Analysis

The statistical analysis was carried out using analysis of
variances (one way ANOVA). For the comparison of
significance between groups a post hoc test was used
according to the statistical package program (SPSS
version 22).

RESULTS

Inactivation of RVFV using chemical inactivants
RVFV stock prepared in Vero cell line was inactivated
using 0.0035 M of BPL. Inactivation kinetics was
determined relative to time (Fig. 1). RVFV was

completely inactivated within 2hrs post BPL treatment
recording a mean depletion of virus infectivity titer in the
order of 1.2 loggy/ 15. Min.

60 75 90 120 150

Time post treatment / min

Fig 1: Evaluation of inactivation kinetics of RVFV using 0.0035 M of BPL

RVF vaccine potency (EDsg)

Regarding the immune potential of the prepared
experimental Rift valley fever viral vaccines, the
effective dose that protected 50% of challenged mice
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[EDsg] was evaluated using the mouse immunization-
challenge assay. It was found that the EDg, of the BPL
was recording 0.0163 ml [fig. 2].
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Fig 2: Evaluation of effective dose of RVF vaccine candidates [EDs] using mice inoculation assay.

Evaluation of antibody (1gG) level

Regarding the immune potential of prepared RVF
vaccine candidate, recorded data indicated that antibody
titre of 19gG level showed a time dependent. It was
noticed that, 1gG level of Vac group was significantly
increased compared to Neg. con. group and 20 RGNP
adjuvanted group (P>0.05). The level of IgG was
detected post vaccination with Alum adjuvanted group
and it was significantly increased than Neg. con., Vac

groups and 20 RGNP adjuvanted group (P>0.05). Alum
recorded the higher value during the whole experiment
from all groups except at 45" and 60" days it was lower
than 20 SGNP group.Also, concerning the enhancing
potential of the GNPs; both S&RGNPs used as immune
enhancer to RVF vaccine. 1gG level in case of 20 SGNP
adjuvanted group recorded a higher results than control
and Vac groups while 20 RGNP adjuvanted group was
still lower than other vaccinated groups (P<0.05) [fig. 3].

2:5 7

1.5 A

Igl level pg/ml

0.5 -

3 7 15

Time post vaccination

 neg.con.

M Vac

i Alum+Vac
20 SGNP+Vac

i 20 RGNP+Vac
45 60

Fig 3: Comparative evaluation of Ab level post vaccination of rats with vac. (non-adjuvanted),Alum-adjuvanted

RVF vaccine and 20 of S&RGNPs-adjuvanted vaccine

Serum cytokine levels

Sera samples collected from RVF vaccine immunized rat
groups were tested to evaluate some sera cytokines levels
like Th® (INF-y) and Th® (IL-10) cytokines using
ELISA.Both INF-y and IL-10 cytokines levels were
detected 3 days post vaccination using different
formulations of RVF vaccine candidates. It was noticed
that there was a significantly increased level of I1L-10 in
all vaccinated and enhance vaccine groups relative to
time (P<0.05). IL-10 level was elevated in Vac group
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compared with Neg. con. group, 20 SGNP and 20 RGNP
adjuvanted groups. There was a significant elevation of
IL-10 level in Alum adjuvanted group compared to Neg.
con. group, Vac group, 20 SGNP and 20 RGNP
adjuvanted groups with highest value at the 45" and 60"
day post vaccination. IL-10 level of 20 SGNP adjuvanted
group was significantly higher than Neg. con. group and
20 RGNP adjuvanted group but still lower than the level
in case of vaccination with Vac. group and Alum
adjuvanted group (P>0.05)[fig. 4].
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Fig 4: Comparative evaluation of IL-10 level secreted post vaccination with vac. (non-adjuvanted),Alum-
adjuvanted RVF vaccine and 20 of S& RGNPs-adjuvanted vaccine

Also, INF-y level was elevated in Vac group compared
with Neg. con. group. There was a significant elevation
of INF-y level in Alum adjuvanted group compared to
Neg. con. group, Vac group and 20 RGNP adjuvanted
group. Using of 20 SGNP showed a significantly
elevated stimulation of INF-y release at all time intervals

except at 60" day compared with its values in Neg. con.
group, Vac group, Alum and 20 RGNP adjuvanted group
(P<0.05). INF-y level was significantly elevated in 20
RGNP adjuvanted group compared with Neg. con. group
[fig. 5].
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Fig 5: Comparative evaluation of INF-y level secreted post vaccination with vac. (non-adjuvanted) Alum-
adjuvanted RVF vaccine and 20 of S& RGNPs-adjuvanted vaccine

DISCUSSION

RVFYV is an arbovirus circulating between ruminants and
mosquitoes to maintain its enzootic cycle. Humans are
infected with RVFV through mosquito bites or direct
contact with materials of infected animals. As
vaccination is an effective tool to control RVFV
epidemics, BPL inactivated and live-attenuated RVFV
vaccines have been used in endemic areas!®. BPL
inactivated elicits dentretic cells (DC) maturation
without viral replication /transcription. This suggests that
BPL may be a useful tool for vaccine therapy and has
potential adjuvant activity™. A highly pure antigen
preparations are used to improve vaccine safety has led
to reduced vaccine immunogenicity and efficacy. This
has led to the need to use alternative adjuvants to
improve vaccine immunogenicity™™. After almost a
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century, Alum salts maintain their dominance as
adjuvants in human vaccines this reflects the fact that
Alum adjuvants are extremely effective at enhancing
both cellular and humoral immune responses and have
the strongest safety record of any other human
adjuvant™. Hence, Alum salt adjuvant remain the gold
standard against which all new adjuvants, it provides
better protection, tolerability or safety™. Recently,
nanotechnology may increasingly play a significant role
in vaccine development. The use of NPs in vaccine
formulations may improve antigen stability and
immunogenicity, targeted delivery and slow release.
From these NPs, the GNPs used as immune adjuvant to
improve immune responses®?”. The present study noticed
that RVFV was completely inactivated within 2hrs post
BPL treatment with a concentrations of 0.0035 M while
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vaccine potency [EDs] was 0.0163 ml which is in
accordance with the WHO regulations. These
recommended that the related vaccine potency (EDs)
must be less than 0.02 ml. These results are in agreement
with®®! who obtained that, potency (EDso) of BPL was
(0.006) and the inactivation time of RVFV was also 2 hrs
post treatment.’?? reported that 0.0035 M of BPL could
inactivate Sabin polio virus within 40 minutes.!*
recorded that, BPL showed higher vaccine potency than
Formalin- and Ascorbic acid inactivants. This was
attributed to the limited effect on the configurations of
the viral epitopes to which the antigenicity is attributed,
and it also had no deleterious effect on the immune
response. Data recorded was due to the stimulation of
Th2 immune cells in accordance with the study off*!
who reported that humoral immune response induced by
Alum- BPL RVF vaccine was monitored revealing a time
and route of administration dependence.® noticed that,
the Alum showed activating DCs and macrophages
which stimulate Th2 immune responses.’?® suggested
that, the Alum adjuvants selectively stimulate a Th2
immune response and other immunomodulatory
molecules. Another study of?®”! demonstrated that, Ab
production depends on T-cell help and those Th-cell
subsets with different functions exist led to studies to
determine the effects of Alum salts on different Th-cell
subsets. Alum salts were found to preferentially induce
Th2 cells, which mediate the differentiation of B cells
that secrete Th2-cell-associated antibody isotypes 1gG1
and IgE."*® obtained that, eosinophils appear at the Alum
injection site within 24 hours, and IL-4 produced by
these cells was shown to increase B-cell proliferation and
promoted an increase in the production of IgM. In
addition, administration of an Alum salt-containing
vaccine resulted in the generation of IgG-producing B
cells. In addition a study of?®? showed that, Alum salt
adjuvants enhance vaccines to induce high titer IgG with
a relatively long lasting immunity. Also® indicated that,
higher neutralizing potency of the antibodies had been
induced in the presence of the Alum as adjuvant. In the
present study, 20 nM S&RGNPs stimulate humoral
immune response and showed the highest peak values of
Ab level at 30" day post vaccination (P>0.05).2Y noticed
how the shape and size of GNPs affect immunological
responses in vivo and in vitro and their finding proved
that, SGNPs induced the highest level of Abs, while
RGNPs induced only 50% of that of SGNPs. As well*?
concluded that, in vitroand in vivo GNPs showed
activation of B cells and enhancementOf 1gG secretion.
Th2 cells drive the humoral immunity and unregulated
Ab production to fight extracellular organisms. Th2 cells
produce large amounts of IL-3, IL-4, IL-5, IL-6, and IL-
10 and a small amount of TNF. In the present study,
regarding the cellular immune response it was clear that
IL-10 level showed variable pattern relative to
formulation. These data was in accordance with®¥ who
concluded that, Alum adjuvants induce strong innate
immune responses that consist of an influx of
neutrophils, eosinophils, natural killer (NK) cells,
dendritic cells (DCs) and monocytes that produce IL-
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10.24 proved that, there was a gradual significantly
elevated level of Th2 cytokine (IL-10) post
immunization with both NPs and Alum adjuvanted rabies
vaccines compared with that detected post immunization
with non adjuvanted One [P<0.05]. The maximum level
was detected 72 hrs post immunization followed by a
declining phase till end of the experiment. The results
of®@ agreed with present results that, using of GNP as an
adjuvant can stimulate potent cellular immune responses
against antigens, which may promote better
understanding of cellular immune response and facilitate
potential applications for cancer and viral vaccines.
Recently®! concluded that, the GNPs can penetrate into
various immune cells and activate the production of

proinflammatory  cytokines as  IL-10.  Also®®
demonstrated that small  (<50nm) nanoparticles
administered  subcutaneously  distribute  through

lymphatic drainage into draining lymph nodes where
they stimulate antigen-presenting cells, lymphocytes and
adaptive immune response." noticed that, GNPs treated
cells produced significant levels of interleukins, also they
indicated that, RGNPs showed activation
ofinflammasome-dependent cytokine secretion.
Meanwhile, SGNPs and cube both significantly induced
inflammatory cytokine production, including tumor
necrosis factor-o (TNF-a), IL-6, IL-12 and IL-10. On the
other hand present data was in agreement with®*! and!*”]
who found that, the Thl-cell responsesin vivomay
enhance IFN as a cellular immune response by Alum
salts.”  demonstrated that, there was a gradual
significantly elevated level of Thl cytokine (INF-y) post
immunization with both NPs and Alum adjuvanted rabies
vaccines compared with that detected post vaccination
with non adjuvanted group and the maximum level was
detected 96 hrs post immunization. In the present study,
the rod and sphere GNP groups showed a significant
elevation of INF-y level (P<0.05) but 20 nM SGNP
group was the highest compared to Neg, con., Vac, Alum
and 20 RGNP group. In agreement with present
results,® reported that, release of IFN-y from
lymphocytes was increased with GNPs. Moreover, the
results of®®! indicated that, SGNPs enhance elevated
secretion of T helperl cytokines such as IFN-y. These
results suggested that SGNPs are effective vaccine
adjuvants and enhance the immune response. Recently™*!
concluded that, RGNPs induced the macrophages
activation and hence induced the release of cytokines and
the activation of immune response.

CONCLUSION

It can be concluded that sphere and rod shape GNPs as
well as Alum have stimulating potential of cellular and
humoral immune response despite the variation of
reactivity. Immune response post vaccination with GNP
is shape and molar concentration dependent.
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