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Introduction: Vaccine formulation with appropriate adjuvants is an attractive approach to

develop protective immunity against pathogens. Calcium phosphate nanoparticles (CaPNs)

are considered as ideal adjuvants and delivery systems because of their great potential for

enhancing immune responses. In the current study, we have designed nanoparticle-based

vaccine candidates to induce immune responses and protection against B. melitensis and

B. abortus.

Materials and Methods: For this purpose, we used three Brucella antigens (FliC, 7α-

HSDH, BhuA) and two multi-epitopes (poly B and poly T) absorbed by CaPNs. The efficacy

of each formulation was evaluated by measuring humoral, cellular and protective responses

in immunized mice.

Results: The CaPNs showed an average size of about 90 nm with spherical shape and

smooth surface. The CaPNs-adsorbed proteins displayed significant increase in cellular and

humoral immune responses compared to the control groups. In addition, our results showed

increased ratio of specific IgG2a (associated with Th1) to specific IgG1 (associated with

Th2). Also, immunized mice with different vaccine candidate formulations were protected

against B. melitensis 16M and B. abortus 544, and showed same levels of protection as

commercial vaccines (B. melitensis Rev.1 and B. abortus RB51) except for BhuA-CaPNs.

Discussion: Our data support the hypothesis that these antigens absorbed with CaPNs could

be effective vaccine candidates against B. melitensis and B. abortus.
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Introduction
Brucellosis as a worldwide zoonotic disease leads to abortion and infertility in

domestic animals and Malta fever in humans. Vaccination provides the most

effective way to control animal brucellosis. At present, the live attenuated vaccines

including B. melitensis Rev. 1, B. abortus RB51 and B. abortus strain 19 are used

for the prevention of brucellosis in domestic animals. Although live attenuated

vaccines provide good protection against brucellosis through humoral and cellular

immunity, they have been found to contain many limitations, such as abortion in

pregnant animals, human pathogenicity, and cross-reactivity with natural infection

during diagnosis.1–6 Therefore, scientific studies have focused on the development

of subunit vaccines, including recombinant proteins, DNA vaccines, vectored
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vaccine vesicles.7–16 Due to poor immunogenicity as the

main challenge of subunit vaccines, various groups of

adjuvants have been used to achieve robust immunity,

and nanoparticles as an adjuvant and delivery system

have exhibited great potential in subunit vaccine develop-

ment. To date, a wide variety of nanoparticles including

inorganic compounds (gold, silicate) and polymers (chit-

osan, polyglutamic acid) have been used to improve the

immunogenicity of subunit vaccines.17–21 Calcium phos-

phate nanoparticles (CaPNs) as inorganic nano-adjuvant

were developed by He et al. The ability of CaPNs to

efficiently deliver antigens to antigen-presenting cells (eg

DC), activate DC and up-regulate co-stimulatory mole-

cules and the MHC class I/II has been demonstrated.

Therefore, it is able to stimulate strong cellular immunity

as it is effectively taken up by dendritic cells and macro-

phages. CaPNs have some advantages that include

biodegradability, biocompatibility, nontoxicity, and low-

cost.22–25 Therefore, there is great interest in investigating

the potential of CaPNs for vaccine development against

brucellosis. In our previous studies, we introduced three

Brucella antigens (FliC, 7α-HSDH, BhuA) and two multi-

epitopes (poly B and poly T) vaccine candidates26,27

(under consideration for publication). Although we

obtained high levels of humoral and cellular immunity,

five vaccine candidates did not show higher levels of

protection than commercial vaccines (B. melitensis Rev.

1, B. abortus RB51) in BALB/c mice. Thus, novel vaccine

adjuvant candidates that can promote robust immune

responses are urgently needed. Since CaPNs have shown

promising activity as adjuvant and vaccine delivery vehi-

cle in various infectious diseases, so in the present study

for the first time, the function of adsorbed antigens (FliC,

7α-HSDH, BhuA, poly B and poly T) onto CaPNs in

stimulating the immune response and protection against

B. melitensis and B. abortus have been investigated.

Materials and Methods
Vaccine Candidates Preparation
Cloning, expression, purification and validation of the

FliC, 7α-HSDH and BhuA antigens have been performed

as described previously26 (under consideration for pub-

lication). Briefly, the Brucella genome was obtained

using a DNA extraction kit and then FliC, 7α-HSDH

and BhuA genes were amplified by the PCR method.

Next, the amplified genes were cloned into expression

plasmids (pET-28a) using restriction enzymes and T4

DNA ligase, and then recombinant plasmids were trans-

formed to the expression host (E. coli BL21 (DE3)).

Induction of protein expression in E. coli BL21 (DE3))

was performed using Isopropyl-β-D thiogalactopyrano-

side (IPTG). Proteins were then confirmed by SDS-

PAGE and Western blot and purified using a protein

purification column (Ni2+-NTA agarose column). The

purified proteins were first dialyzed against PBS and

then their concentration was determined using the

Bradford protein assay. Poly B (fragments including

most of B cell and T CD4
+ epitopes) and poly

T (fragments including most of T CD8
+ cell and T CD4

+

epitopes) from FliC, 7α-HSDH and BhuA proteins were

designed using immunoinformatics tools and expressed,

purified and validated as previously described.27 In order

to design poly B and poly T by immunoinformatics tools,

the protein sequences of these antigens were obtained

from UniProt, and prediction of B and T epitopes was

performed using online servers such as IEDB.

Subsequently, the selected epitopes were fused by the

appropriate linkers, and the physicochemical and struc-

tural properties, and antigenicity of these designed

sequences were determined by different servers. Then,

protein sequences were reverse translated into

a nucleotide sequence and sent to the company for synth-

esis. Expression and purification of these two proteins

were performed as described. The CaPNs were prepared

as described previously.22 Briefly, 12.5 mM calcium

chloride, 12.5 mM dibasic sodium phosphate, and 15.6

mM sodium citrate were slowly mixed and stirred for 48

h and then sonicated for 30 min. The zeta potential, size

and morphology of nanoparticles were determined by

dynamic light scattering (DLS) (Zetasizer Nano instru-

ment Malvern 3000, UK), and scanning electron micro-

scope (SEM). Proteins loaded with CaPNs were prepared

by gently mixing 5 mg of the CaPNs and 1 mg of ROM4

(5:1 ratio) for 60 min. The loading efficiency (LE) was

determined using the following equation:

LE% ¼Total amount of Protein � Free Protein

Total amount of Protein
x100

The free protein concentration in the supernatant was

determined by Bradford protein assay, according to the

manufacturer’s instructions. For this assay, 10 fold dilu-

tions of standard proteins (BSA) or our samples were

mixed with Bradford reagent. Then, the optical density

(OD) of controls and samples was determined by ELISA

reader at 595 nm.
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Determination of Protein Release from

Nanoparticle
The release of different proteins from antigen-loaded

CaPNs was evaluated using PBS (pH=7.4) at 37°C

under magnetic stirring (100 rpm). To assess the amount

of the released antigen from NPs, sampling was per-

formed at the dedicated time intervals of 0, 0.5, 1, 1.5,

2, 4, 8, 12, 24, 48, 72 and 96 hours. In each time point,

500µL of the sample was elicited, centrifuged at 18,000

g for 15 min and then replaced by 500µL buffer. Finally,

all samples were examined by making use of Bradford

assay to determine the quantity of antigen in the super-

natant. A sample with non-loaded CaPNs was applied as

a blank.

Mice, Immunization and Challenge
Female BALB/c mice, six to eight weeks old, were

obtained from Pasteur Institute of Iran (Karaj, Iran). All

mice were maintained in a controlled environment, with

access to food and water. The BALB/c mice were randomly

classified into ten experimental groups (10 mice/group),

including six test groups (FliC-, 7α-HSDH-, BhuA-, poly
B-, poly T-, poly B+T-CaPNs) and four control groups

(PBS, CaPNs, B. melitensis Rev.1, and B. abortus

RB51). Mice were subcutaneously (s.c) immunized three

times (days 0, 14 and 28) with 30µg of each proteins-

CaPNs. Negative and positive control groups were

received PBS, CaPNs and B. melitensis Rev.1, B. abortus

RB51 respectively. Mice were challenged intraperitoneally

at 4 weeks post-immunization with B. melitensis 16M and

B. abortus 544. The study was approved by the Committee

of Animal Ethics of the Pasteur Institute of Iran and

conducted according to the European Communities

Council Directive of 24 November 1986 (86/609/EEC).

Assessment of Humoral Responses
Two weeks after each immunization, mice sera were

obtained to determine humoral responses. The presence

of specific antibodies, IgG1 and IgG2a isotypes, against

proteins were measured through enzyme-linked immune

sorbent assay (ELISA). In brief, 96-well microplates (SPL

Life Sciences, Korea) were coated overnight at 4°C with

purified proteins (10 µg/mL). The microplates were

washed three times with PBST and then blocked with

PBS containing 3% BSA for 2h at room temperature to

prevent nonspecific binding. Serial dilutions of mice sera

applied to wells for 2 h at 37°C. After washing with wash

buffer, HRP-conjugated goat-anti-mouse antibody (Sigma,

USA) (to determine whole specific antibodies) or second-

ary goat anti-mouse subtype antibody (Sigma, USA) and

rabbit anti-goat HRP conjugate antibody (to determine IgG

subclasses) were added to the wells. Finally, the micro-

plates were incubated with TMB (tetramethylbenzidine)

solution for 15 minutes and absorbance was read at 450

nm by an ELISA reader.

Determination of Cytokines Production
The spleens of mice from each group (3 mice/group) were

homogenized aseptically and splenocytes were cultured in

RPMI-1640 medium (Gibco, UK) (containing 10% FBS

and penicillin/streptomycin) in the presence of 10 µg/mL

of proteins. Phytohemagglutinin-A (PHA) (5 µg/mL,

Sigma-Aldrich) and RPMI medium 1640 alone were used

for positive and negative control, respectively. After

72 h stimulation with proteins, the supernatants were used

for measurement of IL-2, IFN-γ, and IL-10 cytokines using
ELISA kits (Peprotech, Inc. UK). In brief, microplates (SPL

Life Sciences, Korea) were coated with capture antibodies

overnight at room temperature (RT). The microplates were

washed four times with wash buffer and then blocked with

PBS containing 1% BSA for 1h at RT. After washing four

times, serial dilutions of standard or samples applied to

wells for at least 2 h at RT. After washing with wash buffer,

detection antibodies were added to the wells for 2 h at

RT. The plates were washed and avidin–HRP conjugate

(or streptavidin–HRP conjugate) was added to each well

for 30 minutes at RT. Finally, the microplates were incu-

bated with TMB solution and color development was inves-

tigated by an ELISA reader.

Lymphocyte Proliferation Assay
The proliferative effects of isolated splenocytes in

response to antigens were evaluated by MTT (3-(4,

5-dimethythiazol-2-yl)-2, 5-diphenyl tetrazolium bromide)

assay. The MTT assay was performed using the method

described previously.28 Briefly, the isolated splenocytes

were cultured into 96-well microtiter plates. Then, spleno-

cytes of experimental, positive and negative groups were

treated with proteins (10 μg/mL), PHA and RPMI-1640,

respectively. The plates were incubated at 37°C and 5%

CO2 for 72 h and then 20μL MTT (5 mg/mL) was added

to each well for 4 h. After separating the supernatant from

each well, formazan crystals were solubilized in the

dimethyl sulfoxide (DMSO) (Sigma) and the absorbance

of each well was read at 570 nm by an ELISA reader. The
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stimulation index (SI) was calculated as the ratio of the

mean absorbance of stimulated cells to the mean absor-

bance of unstimulated cells.

Protection Assay
The protectivity of induced immune responses was eval-

uated in immunized groups through intraperitoneal chal-

lenge with B. melitensis 16M and B. abortus 544. Briefly,

one month after the final immunization, six mice from

each immunized groups were challenged, and then thirty

days later, the mice spleens removed aseptically. The

homogenized spleens diluted and cultured on Brucella

agar for 3–4 days at 37 °C to determine the CFU numbers

per spleen. Units of protection were calculated by sub-

tracting the mean log10 CFU of the experimental group

from the mean log10 CFU of the PBS group.

Statistical Analysis
Data were statistically analyzed by one-way ANOVA and

post hoc tests. Data were reported as mean ± SEM (stan-

dard error of the mean) and differences were considered to

be statistically significant at P ≤0.05.

Results
Characterization of CaPNs
The CaPN particle size was determined by DLS and showed

an average size of about 90 nm. The images taken by SEM

showed a spherical shape and smooth surface of the nano-

particles (Figure 1). Zeta potential (surface charge) of nano-

particles was −20 mV. The stability of size, shape and zeta

potential of CaPNs were also investigated and showed no

significant changes after 21 days incubation at 4 °C or room

temperature. Based on Bradford assay, the adsorption effi-

ciency of antigens to nanoparticles was 50–75% in different

antigens. In addition, the release profiles of antigens from

CaPNs are shown in Figure 2.

Induction of Humoral Immune Response
The ability of different vaccine formulations to induce specific

antibodies in the serum of BALB/c mice were evaluated by

ELISA method. The levels of total antibodies were signifi-

cantly higher (P < 0.05) in all experimental groups in compar-

ison to control groups. The increase in specific antibodies

began after the first immunization, and the optical density

values reached the highest level after the third immunization.

As shown in Figure 3, the highest optical density was observed

in the 1/1000 dilution in the serum of mice group injected with

poly B+T-CaPNs and the lowest optical density in the dilution

of 1/1000 in the serum of mice injected with BhuA-CaPNs

(P< 0.05). However, no significant difference was observed

between the groups immunized with FliC-CaPNs, poly

B-CaPNs, and poly T-CaPNs (P> 0.05). In order to determine

the type of immunity induced in immunized mice by various

formulations (Th1 and/or Th2 response), the ratio of the IgG2a

and IgG1 subclasses was measured two weeks after the last

immunization. All vaccine formulations could induce specific

IgG1 and IgG2a levels in mice following s.c immunization

(Figure 4). The highest IgG2a to IgG1 ratio was observed in

the mice immunized with multi-epitope vaccine candidates

(poly B-, poly T- and poly B+T-CaPNs).

Figure 1 Scanning electron microscope of CaPNs.

Figure 2 Release profile of different antigens-CaPNs at pH 7.4 and 37 °C for 96

hours (data are mean± SD, n = 3).
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Induction of Cellular Immune Response
The cell-mediated immune responses of immunized mice

with various formulations were investigated by lymphocyte

proliferation and cytokine patterns. As shown in Figure 5, the

splenocytes from mice immunized with FliC-, 7α-HSDH-,

BhuA-, poly B-, poly T-, poly B+T-CaPNs indicated signifi-

cantly higher stimulation index (S.I.) than negative control

mice (PBS, CaPNs) (P< 0.05). Also, we evaluated the effect

of various vaccine candidate formulations on cytokine levels.

In splenocytes of all mice injected and stimulated with var-

ious proteins, we detected stronger IFN-γ and IL-2 responses

than negative control groups (P< 0.05) (Figure 6). In com-

parison to all groups, these cytokines were secreted higher in

Rev-1 and RB51 immunized mice (except for poly

B+T-CaPNs compared to Rev-1 and RB51 and poly

T-CaPNs compared to RB51 that produce similar levels of

cytokines (P> 0.05)). Comparing the level of cytokine secre-

tion in the vaccine candidate groups, we find that groups

immunized with poly B+T-CaPNs and poly T-CaPNs had the

highest (P< 0.05) and BhuA-CaPNs group had the lowest

(P< 0.05) level of cytokine secretion, and there was no

significant difference between FliC-CaPNs, 7α-HSDH-

CaPNs, and poly B-CaPNs groups (P > 0.05). In addition,

low levels of IL-10 were detected in all immunized mice, and

however, there was no statistically significant difference in

IL-10 cytokine production between groups (P > 0.05).

Figure 3 The specific antibody levels in different dilutions of mice sera after immunization with BhuA-, FliC-, 7α-HSDH-, poly B-, poly T-, and poly B+T-CaPNs. (A) After the

first immunization. (B) After the second immunization. (C) After the third immunization.
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Induction of Protective Immunity
Protection against B. melitensis 16M and B. abortus 544 in

immunized and control groups is shown in Table 1. The

mice immunized with FliC-, 7α-HSDH-, BhuA-, poly B-,

poly T-, poly B+T-CaPNs showed significant levels of

protection compared to the negative control groups

(P< 0.05). BhuA, 7α-HSDH, FliC, poly B, poly T and

poly B+T antigens plus CaPNs induced 0.9, 1.05, 1.12,

1.18, 1.24, 1.5 log10 units of protection against

B. melitensis and 0.85, 1.03, 1, 1.13, 1.21, 1.37 log10
units of protection against B. abortus, respectively. Mice

immunized with 7α-HSDH-, FliC-, poly B-, poly T-and

poly B+T-CaPNs exhibited the same levels of protection

(P > 0.05). Although the protection obtained from BhuA-

CaPNs was significantly lower than B. melitensis Rev.1

(1.74 log10 unit of protection) and B. abortus RB51 (1.53

log10 unit of protection) vaccine strain (p<0.05), other

immunized groups did not show significant differences

with B. melitensis Rev.1 and B. abortus RB51 (P > 0.05).

Discussion
The limitations of current vaccines against infectious dis-

eases have encouraged researchers to develop nanoparti-

cle-based vaccines. Different nanoparticles have been

investigated as adjuvant and antigen delivery systems.

There are accumulating evidences that nanoparticles have

the potential to strengthen the immune system against

subunit vaccines.18,21,29-35 In order to select a suitable

nano-adjuvant, we reviewed comparative studies of the

various adjuvants used for intracellular bacteria or viruses

that require cellular immunity. For example, Morcol et al,

in his study on the vaccine candidate against Influenza

A infection, suggested CaPNs as a more effective than

alum,36 and the reasons given are as follows: Th2-

oriented response, IgE-mediated allergic reactions, pro-

blems with stability during freeze-drying, and variability

in production in alum.23,34,36 Also, a recent comparative

study using the Brucella antigen (omp31) in the formula-

tion of nano-vaccine candidates showed that CaPNs had

better efficiency than chitosan nanoparticles and aluminum

hydroxide due to their effects on IFN-γ and IgG2a induc-

tion and stimulation index.23 In a study conducted by

Singh et al, on the vaccine candidate against Brucella

using rL7/L12 protein as a model, PLGA (85:15)

nanoparticles were introduced as a strong and safe

adjuvant.37 However, the major drawback in developing

PLGA-based nanoparticle formulations is the instability of

encapsulated proteins due to chemical and mechanical

stress during the manufacturing processes.38 Thus, among

numerous studies, the CaPNs because of their unique

properties such as low cost, simple manufacturing process,

safety, no adverse effects, biocompatibility, high stability

and effective immune induction are proposed.22–25

Therefore, we used CaPNs to promote the immunogenicity

of FliC, 7α-HSDH, BhuA, poly B, poly T, and poly B+T

antigens against brucellosis. In the first step, the physico-

chemical properties of CaPNs, such as shape, size, and

charge were investigated as important factors in inducing

immune response through NPs–APCs interaction. We

found that the average particle size of CaPNs was <100

and had spherical shapes and smooth surfaces (Figure 1).

Previous studies have shown that small size and spherical

shapes are effective in endocytosis.39,40 In addition, our

Figure 4 IgG subtypes in mice sera after immunization with different vaccine

formulations.

Figure 5 Splenocyte proliferative responses of different mice groups. Data are the

mean SI ± SD of three mice from each group were evaluated in triplicate.

Statistically significant difference (p < 0.05) with the control groups is indicated by

an asterisk.
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results showed that the size, shape and zeta potential of

CaPNs were stable. Our results are consistent with the

previous study, which have shown that different formula-

tions of vaccine candidates containing CaPNs have been

stable for a long time in different conditions.41 In the next

step, the effects of different formulations containing

CaPNs on immune responses, especially cell-mediated

immunity were investigated. Due to the intracellular char-

acter of Brucella, Th1-type immune response plays an

important role in the protection against brucellosis. The

Th1 response, specifically characterized by IFN-γ,

activates the bactericidal function of macrophages, cyto-

toxic function of CD8+ T-cells, and induces B cell isotype

switching to IgG2a. These Th1 response functions are

crucial for killing and clearing of Brucella.42–45 Our

results demonstrated that these formulations (proteins

adsorbed onto CaPNs) led to increase in IFN-γ and IL-2

levels in all immunized mice (Figure 6), and this increase

in Th1 cytokine production was higher in mice immunized

with poly B+T-CaPNs and poly T-CaPNs. We also per-

formed lymphocyte proliferation assays as another indica-

tor of cell-mediated immune response, and the results

Figure 6 The levels of IFN-γ (A), IL-2 (B), and IL-10 (C) production by splenocytes of immunized mice with BhuA-, FliC-, 7α-HSDH-, poly B-, poly T-, poly B+T-CaPNs,

Rev.1 and RB51. Statistically significant difference (p < 0.05) compared to the control groups is indicated by an asterisk.
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showed that mice vaccinated with FliC-, 7α-HSDH-,

BhuA-, poly B-, poly T-, poly B+T-CaPNs could stimulate

cell-mediated immunity in BALB/c mice (Figure 5).

Similarly, Rahimi et al showed that the DNA vaccine

with co-delivery of calcium phosphate nanoparticles was

capable of enhancing the cellular immune response against

T.gondii in BALB/c mice.46 According to Knuschke et al,

the CaPNs strongly enhances antigen delivery to APCs,

thereby enhancing cell-mediated immunity against retro-

viral FV infection.47 In another study, Huang et al demon-

strated that the CaPNP/multipeptide vaccine could induce

a T-cell response against all four Dengue virus (DV)

serotypes.41 Moreover, the vaccine candidates formulated

with nano-adjuvant also induced humoral immune

response in all study groups compared to the control

groups (Figure 3). The adjuvant effect of CaPNs for the

stimulation of humoral immunity has been reported pre-

viously. He et al have demonstrated that mice were immu-

nized intravaginally and intranasally with HSV-2 protein

_CaPNs enhanced HSV-specific antibodies.48 Our results

are consistent with studies that used CaPNs in the formu-

lation of vaccine candidates shown that these formulations

are able to increase the humoral immune response.49,50

The high titers of IgG2a, associated with Th1 responses,

were observed in mice immunized with CaPNs-adjuvanted

candidates, and the highest levels were observed in poly

B-, poly T- and poly B+T-CaPNs groups (Figure 4).

Therefore, high levels of IFN-γ and IgG2a production as

Th1 immune response indicator and low levels of IL-10

and IgG1 production confirmed that the immune response

shifted to Th1 in all test groups. Our results agree with the

finding of previous studies that claimed CaPNs stimulate

the Th1-Th2 immune response (Th1> Th2).22,24

Our data showed that FliC-, 7α-HSDH-, BhuA-, poly
B-, poly T-, poly B+T-CaPNs provide protection against

B. melitensis and B. abortus infection as compared to

negative control groups (Table 1). The protection obtained

after immunization with FliC-, 7α-HSDH-, poly B-, poly

T-, poly B+T-CaPNs is comparable to the protection

obtained with vaccine strains, i.e., B. melitensis Rev.1

and B. abortus RB51. The stronger protective effects of

FliC-CaPNs, 7α-HSDH-CaPNs, poly B-CaPNs, and poly

T-CaPNs formulations could be attributed to their better

performance than BhuA antigen in stimulating cytokine

secretion (IFN-γ and IL-2) and IgG2a antibody switching.

Other challenge studies with different vaccine candidates

have also demonstrated the protective ability of CaPNs in

BALB/c mice.46,49,50 As anticipated, compared to our pre-

vious studies, CaPNs were able to effectively improve the

immune responses of antigens. Since induction of strong

protection is a leading factor in determining the efficacy of

vaccine candidates, hence our formulations in this study

could be considered as new vaccine candidates because of

their protection level compared to B. melitensis Rev.1 and

B. abortus RB51 vaccine strains. Moreover, our formula-

tions contain recombinant proteins and CaPNs as safe

compounds, instead of live attenuated microorganisms.

Another advantage that can be considered is that all the

antigens used in the vaccine formulations were conserved

between the two different strains of Brucella (B. melitensis

16M and B. abortus 544); therefore, cross-protection could

be obtained by a single vaccine.

Table 1 Protection Against B. melitensis 16M and B. abortus 544 Challenge in Immunized Mice

Vaccine Log10 CFU of

B. melitensis

16M in Spleen

Units of

Protection

Log10 CFU of

B. abortus

544 in Spleen

Units of

Protection

PBS 5.77 ±0.38 0 5.29±0.27 0

CaPNs 5.67±0.33 0.1 5.15±0.16 0.14

BhuA+CaPNs 4.87±0.13* 0.9 4.44±0.19* 0.85

7α-HSDH+CaPNs 4.72±0.31* 1.05 4.26±0.1* 1.03

FliC+CaPNs 4.65±0.18* 1.12 4.29±0.14* 1

Poly B+CaPNs 4.59±0.19* 1.18 4.16±0.19* 1.13

Poly T+CaPNs 4.53±0.3* 1.24 4.08±0.33* 1.21

Poly B+T+CaPNs 4.27±0.33* 1.5 3.92±0.25* 1.37

B. melitensis Rev1 4.03±0.12* 1.74 – –

B. abortus RB51 – – 3.76± 0.22* 1.53

Notes: *Significantly different compared to the control groups (P < 0.05).
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Conclusion
In this study, we used nano-adjuvant to improve the anti-

genicity of Brucella antigens and determined whether

adsorbed antigens (FliC, 7α-HSDH, BhuA, poly B and

poly T) could be good vaccine formulation for brucellosis.

Our data suggested that the use of various Brucella anti-

gens in CaPNs formulation has the ability to stimulate

humoral and cellular responses. High levels of IFN-γ and

IgG2a production and low levels of IL-10 and IgG1 pro-

duction confirmed the shift of immune response to Th1

(Th1>Th2). Different formulations of vaccine candidates

containing CaPNs demonstrated protection against

B. melitensis and B. abortus infection in BALB/c mice.

Therefore, based on these observations, the authors pro-

posed the potential of this adjuvant and recommend these

formulations as new vaccine candidates for brucellosis.
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