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Introduction

Escherichia coli is a gram-negative cocobasilus belonging to Entrobacteriacca family. 

This microorganism is a natural intestinal flora of animals and humans which able to 

cause disease. E. coli is the most prevalent cause of urinary system infection such as 

pyelonephritis, cystitis and uretritis. Additionally E. coli can cause blood infection (sep-

sis), meningitis, and diarraha [1,2]. Sanitation principles is considered as one of the 

prevention procedures against infection in livestock. However, the drug resistance of 

pathogenic organisms against antibiotics is the main problem and cause eradicate of 

© Korean Vaccine Society.
This is an Open Access article distributed under the 
terms of the Creative Commons Attribution Non-Com-
mercial License (http://creativecommons.org/licenses/
by-nc/4.0) which permits unrestricted non-commercial 
use, distribution, and reproduction in any medium, pro-
vided the original work is properly cited.

K O R E A N 
V A C C I N E 
S O C I E T Y

K O R E A N 
V A C C I N E 
S O C I E T Y

K O R E A N 
A C C I N E 
O C I E T Y

V
S

Clin Exp Vaccine Res 2018;7:51-60
https://doi.org/10.7774/cevr.2018.7.1.51
pISSN 2287-3651 • eISSN 2287-366X 

Zahra Sadat Hosseini1,  
Jafar Amani2, Fahimeh Baghbani 
Arani1, Shahram Nazarian3, 
Mohammad Javad Motamedi4, 
Fatemeh Shafighian5

1Department of Genetics and Biotechnology, 
School of Biological Science, Varamin-Pishva 
Branch, Islamic Azad University, Varamin; 2Applied 
Microbiology Research Center, Systems Biology 
and Poisonings Institute, Baqiyatallah University 
of Medical Sciences, Tehran; 3Department 
of Biology, Faculty of Science, Imam Hossain 
University, Tehran; 4Green Gene Company, Tehran; 
5Pharmaceutical Sciences Branch, Pharmaceutical 
Sciences Research Center, Islamic Azad University 
(IAUPS), Tehran, Iran

Received: October 2, 2017
Revised: November 29, 2017
Accepted: December 20, 2017

Corresponding author: Jafar Amani, PhD
Applied Microbiology Research Center, Systems 
Biology and Poisonings Institute, Baqiyatallah 
University of Medical Sciences, Vanak Sq. Mola-
sadra St. Tehran, P.O. Box 19395-5487, Iran
Tel: +98-21-82482592, Fax: +98-21-88068924
E-mail: jafar.amani@gmail.com 

No potential conflict of interest relevant to this 
article was reported.

The present study is a part of graduation dis-
sertation in Biotechnology at the Islamic Azad 
University, Pishva, Varamin branch.

Purpose: Escherichia coli O157:H7 is one of the most important pathogens which create hemor-
rhagic colitis and hemolytic uremic syndrome in human. It is one of the most prevalent causes 
of diarrhea leading to death of many people every year. The first diagnosed gene in the locus 
of enterocyte effacement pathogenicity island is eae gene. The product of this gene is a bind-
ing protein called intimin belonging to the group of external membrane proteins regarded as a 
good stimulants of the immune system. Chitosan with its lipophilic property is an environmen-
tally friendly agent able to return to the environment. 
Materials and Methods: Intimin recombinant protein was expressed in pET28a vector with 
eae gene and purification was performed using Ni-NTA and finally the recombinant protein 
was approved through western blotting. This protein was encapsulated using chitosan nanopar-
ticles and the size of nanoparticles was measured by Zetasizer. Intimin encapsulated was 
prescribed for three sessions among three groups of oral, injection, and oral-injection using 
Chitosan nanoparticles. Challenge was performed for all three groups with 108 E. coli O157:H7 
bacteria.
Results: Intimin produced by chitosan nanoparticles improves immunological responses 
through the adjuvant nature of chitosan nanoparticles. Chitosan may be used as a carrier for 
transportation of the prescribed vaccine. Among the mice, encapsulated intimin could be able 
to provide suitable titers of IgG and IgA by the aid of chitosan nanoparticles. Results of mice 
challenge showed that decreased the bacterial shedding significantly. 
Conclusion: Results showed that the chitosan nanovaccine with intimin protein may be used 
as a suitable candidate vaccine against E. coli O157:H7.

Keywords: Chitosan nanoparticles, Intimin, Escherichia coli O157:H7, Hemolitic uremic syn-
drome

Immunogenicity of the 
nanovaccine containing intimin 
recombinant protein in the  
BALB/c mice
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the natural flora [3]. Enterohemorrhagic serotype O157:H7 is 

regarded as the most prevalent cause of hemolytic uremic 

syndrome (HUS) [4]. After the attachment of the bacteria to 

the epithelial cells in intestine, the process of “attaching and 

effacing” (A/E) occurs and the shiga toxin is secreted into the 

blood stream. This toxin binds to tissues especially in kidney 

leading to HUS. Neutrophils are responsible for transporting 

shigatoxin in to blood stream and glumeroles [5,6]. Pilies help 

E. coli to bind with epithelial cells of the intestine. The most 

important pathogenic factor of enterohemorrhagic E. coli 

O157:H7 (EHEC) is its primary attachment with intestinal 

epithelial cells that leads to A/E process.

  Since there is a bacteria clean up mechanism in intestinal 

epithelial cells, bacteria need special attachment system for 

passing through this barrier [7,8]. This attachment factor is 

encoded by eae chromosomal gene which called Intimin. In-

timin is the first attachment factor of the bacterium to entero-

cyte then Tir protein through it transfer to host cell [9]. Inti-

min was introduced as a 94-kDa protein and was also pro-

posed as the first genetic product related to the A/E patho-

logic process. Evidences showed that 650 amino acids of N-

terminal of this protein are very similar to the antigenic pro-

tein in Yersinia pseudotuberculosis [10]. The first recognized 

gene in the locus of enterocyte effacement (LEE) pathogenic-

ity island was called eae [11]. The eae gene is coded by poly-

cistronic operon LEE5 and its product is a binding protein by 

the name of intimin [12]. Intimin is belonged to the outer mem-

brane protein family produced by a group of entropatogenic 

and entrohemoragic E. coli [5].

  The eae gene includes 2,805 nucleotide translated to 935 

amino acids. Studies have shown that the intimin molecule 

can be classified as two distinct regions including (1) N-ter-

minal amino acids and (2) carboxyl terminal amino acids [13]. 

The N-terminal region is conserved in all Intimin types but 

the carboxyl-terminal is completely variable in 280 terminal 

amino acids (Int280) which is responsible for binding with 

Tir protein. It is known as the heterogenecity factor for eae 

gene among different serotypes of Enterotoxigenic E. coli 

(ETEC) and Enterohemorrhagic E. coli (EHEC) [14,15]. Stud-

ies indicated that all of intimin types have nearly similar G+C 

percent between 41.7 to 43.07 and their sequence length is 

also between 2,805 to 2,847 bp [16]. Local immunogenic re-

sponses provide a significant role in intestinal diseases. Mu-

cosal antibodies are important factor for decreasing bacteria 

colonization. In this reason elevating specific antibody titer 

against antigens at the mucosal level will increase vaccine ef-

ficacy. Mucosal vaccination procedures such as oral or nasal 

routes are considered as effective and important ways for the 

induction of high antibody titers at the mucosal level [17,18]. 

For such mucosal vaccines, lack of injection and sterilization 

process decreases the costs patients. However, these vaccines 

are not absorbed enough after mucosal immunization and 

need to adjuvants and encapsulation [18,19]. The solution for 

this problem is to use nanoparticles for protein or antigen de-

livery. Because the related ingredient release slowly and the 

intercellular absorption rout such as the vesicular transporta-

tion is based on the M-cell in peyers patch. Nanoparticles are 

harvested from the surface of the M-cell and carried by lym-

phocytes in vesicular form and after that immunologic re-

sponse and IgA production will begin [20]. Chitosan and its 

derivatives can attach to mucosa, increasing the drug and 

protein absorption when given orally. Studies have shown 

that microparticle and nanoparticle drugs loaded on chito-

san will enhance drug absorption at the mucosal level. Chito-

san and its derivatives temporarily open intercellular tight 

connections leading to intercellular transport of drugs and 

proteins [21].

  The objective of the current study was to produce a nano-

vaccine against E. coli O157:H7 bacteria as a cause to diar-

rhea. In this study 280 amino acids from c-terminal of intimin 

were used. Recombinant intimin in E. coli was produced and 

loaded on chitosan nanoparticle. Finally, mice were adminis-

trated by chitosan containing the recombinant intimin and 

antibody titer was evaluated then challenge assay performed 

against E. coli O157:H7.

Materials and Methods

Materials
Chitosan with medium molecular weight, Sigma-Aldrich, 

(Germany), sodium tripoly phosphatase TPP (scharlau, Spain) 

were used. Chemical material, kits, and molecular markers 

from Merck (Germany), Sinagen (Iran), Qiagen (Germany) 

were also prepared.

Confirmation of pET28a plasmid with intimin (eae) gene by 
polymerase chain reaction 
The Vector pET28a containing intimin gene was extracted by 

GeNetBio kit (Gobiz, korea) and polymerase chain reaction 

(PCR) was performed using specific primers. PCR was done 

based on the Table 1.
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Expression the recombinant intimin (eae) gene in E. coli host
E. coli BL21DE3 containing pET28a-intimin was inoculated 

into 5-mL Luria-Bertani (LB) broth containing 80 µg/mL ka-

namycin located in 37°C shaker incubator for 18 hours. Then, 

100 μL of the grown bacteria was added to 5 mL LB broth con-

taining 40 µg/mL kanamycin and then incubated in 37°C shak-

er incubator until OD600 nm reached to 0.7. After that 1 mM 

IPTG was added to each tube and culture medium was incu-

bated in shaker incubator (37°C, 150 rpm) to express the re-

combinant protein. Additionally, a non-inducted tube was 

used as control. After induction, 1 mL of test tube as well as 

the control was centrifuged (3,500 rpm for 5 minutes) and the 

gathered cells were mixed with 1×sample buffer and electro-

phoresed on 12% sodium dodecyl sulfate polyacrylamide gel 

electrophoresis (SDS-PAGE) gel.

Large scale expression and purification of recombinant  
intimin protein
Inoculated 2 mL of the E. coli BL21DE3 containing pET28a-

intimin to 150 mL LB medium and incubated in shaker incu-

bator for 3 hours (150 rpm) until OD600nm reached to 0.7 then 

IPTG (1 mM) was added. Because of presence of His-tag in 

pET28a vector, Ni-NTA column affinity chromatography was 

used for purification of recombinant protein. The pellet of E. 

coli BL21DE3 was solved in 100 mL denaturing buffer and 

sonication was done under 4°C. The suspension was centri-

fuged (13,000 rpm) for 20 minutes and gathered supernatant. 

First the column was equilibrated with buffer B (pH 8) and 

supernatant was loaded into column. The column was washed 

with washing buffer (pH 5.7). Then, the elution buffer (pH 4.5) 

was used and output column were gathered. In order to find 

the purity of the protein SDS-PAGE 12% was used. Bradford 

method was used for estimating the protein concentration 

[22].

Western bloting for approving the expressed protein
One sample of recombinant bacteria containing pET28a-int-

imin inducted as well as the control sample (non-inducted) 

and the purified protein was electrophoresed on gel SDS-PAGE 

12%. The membrane was cut based on the gel dimension and 

was put on the gel. The resulted sandwich was transfer in a 

tank with blotting buffer and running was carried on 45 min-

utes with the voltage of 75. After running the membrane was 

floated in the blocking buffer for 2 hours. Then, it washed with 

TBST buffer (TBS buffer+Tween 0.05%) three times. Antibody 

against the histidine terminal, 1:1,000 was prepared in TBST 

buffer and poured on nitrocellulose paper placed on shaker 

for one hour in 37°C and then washed with TBST buffer three 

times each time for 10 minutes. DAB substrate tablet was dis-

solved in 5 mL deionized water and poured on nitrocellulose 

papers. The reaction was inhibited after the presence of bands 

[22].

Preparation nanoparticles including recombinant intimin 
protein
In order to prepare chitosan sultion (2 mg/mL), 50 mg chito-

san was dissolved in an final volume of 25 mL acetic acid 2% 

and for complete dissolving was placed on stirrer at the room 

temperature for one hour. Then, 50 mL of this soulution was 

added to 50 mL distilled water and put on the stirrer for one 

hour at the room temperature to be dissolved completely. 

The related antigen was added to 7.5 mL chitosan solution as 

drop by drop during a 10 minutes period until the final con-

centration of the antigen reached to 1 mg/mL. The solution 

PH was reached to 5.5 using NaOH in 30 minutes priod of 

time. After that, 5 mL sodium tripolyphosphate (TPP) was 

added to the chitosan antigen solution when stirring. At the 

end of reaction sonication was performed in a 20-second cy-

cle. The chitosan without antigen was prepared as a control. 

Finally the solution was centrifuged in 13,000 rpm.

Investigation and approval of the syntesized nanoparticles
Determination of loading efficiency
One hundred microliters of the supernatant was separated 

and the concentration of recombinant protein was evaluated 

and loading percentage of the antigen in nanoparticle was cal-

culated.

Nanoparticle sizes
The size of nanoparticles was evaluated by particle size anal-

yser. The resulted sedimentation was separated in two parts 

then phosphate buffered saline (PBS) and deudinized water 

was added respectively. 

Table 1. Confirmation of intimin fragment by PCR

PCR steps Temperature Time Cycle

First denaturation 94   5 min   1
Denaturation 94 30 sec 30
Annealing 64 30 sec
Extension 72 30 sec
Final extension 72   5 min   1

PCR, polymerase chain reaction.
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Antigen releasing from chitosan
To determine the amount of antigen release from nanoparti-

cles, the relative protein concentration with Bradford test was 

used. Nanoparticles dissolved in PBS and deudinazed water 

were centrifuged for 120 minutes (14,000 rpm/4°C), and were 

put in shaker incubator for 6 hours (100 rpm/37°C). Sampling 

was performed from the supernatant each 90 minutes and 

Bradford test was performed for defining the antigen release 

from chitosan.

Immunization mice model
The 6 to 7 weeks female BALB/c mice were divided as three 

groups oral, oral-injection and injection. For the oral group, 

four times administration of nanoparticles containing inti-

min recmbinant protein (100 µg) was performed in the 2 weeks 

intervals. For the oral-injection group, three immunization of 

nanoparticles with recombinant protein (100 µg) was done 

and for final dose intimin recombinant protein (20 µg) was 

injected intrapretonealy. Forth groups, four step subcutane-

ous injection of intimin recombinant protein (20 µg) with 

Freund’s Adjuvant Complete were implemented. For the in-

jectional control group PBS was injected and for the oral con-

trol group chitosan without antigen was gavaged. Blood sam-

pling from the eye corner was done ofter each injection or 

gavage procedure.

Determination serum IgG titer by indirect enzyme-linked im-
munosorbent assay
Enzyme-linked immunosorbent assay (ELISA) was done to 

determination IgG antibody titer in serum. ELISA plates were 

coated with 5 µg of recombinant intimin protein which was 

dissolved in coating buffer (Na2CO3, NaHCO3). The plate was 

then incubated in 4°C for 16 hours. Then plate washed with 

PBST. After that the plate were incubated with 5% (W/V) bo-

vine serum albumin (BSA) in PBST for 1 hour in 37°C then 

washing with PBST, the mice control and test sera dilution 

(1:50 to 1:102400 for intentional group and 1:50 to 1:6,400 for 

oral group) were added to the ELISA plate and 1 hour incu-

bated in 37°C then the plate was washed and anti-mouse horse-

radish peroxidase (HRP) conjugated IgG was added to the 

wells and incubated for 1 hour in 37°C, the plate was washed 

and substrate was added to each well. Finally, the reaction 

was stopped by adding 100 µL of 2.5 M H2SO4 and the OD in 

492 nm was read by ELISA reader.

Determination serum and fecal IgA titer by indirect ELISA
For defining the IgA titer from 1:50 to 1:2,560 serum dilution 

was considered for three groups, and anti IgA HRP conjugate 

(1:1,000, Sigma) was used. The secretory IgA against the anti-

gen in fecal samples was evaluated. In this procedure 0.5 g of 

fresh faeces was added to 1 mL PBS. After homogenization, 

the liquid supernatant was separated and from dilutions of 

1:5 to 1:2,560 were evaluated by indirect ELISA.

Immunized mice challenge 
Each mouse was gavaged with 109 of E. coli O157:H7 (ATCC: 

35218). Fecal sampling was performed 2 days after gavage 

and repeated every 2 days. Fresh faeces samples were cul-

tured on sorbitol MacConkey Agar at three different dilution 

(1:10,1:100, and 1:1,000) and white colonies were counted.

Statistical analysis
Each test represented of three independent experiments and 

showed as the mean±standard deviation (SD). Analyses were 

performed using a SPSS ver. 17.0 (SPSS Inc., Chicago, IL, USA). 

Multigroup comparisons were performed using two way 

ANOVA test. p<0.05 was considered significant.

Results

Confirmation of pET-28a plasmid containing intimin gene us-
ing PCR technique
To ensure the presence of intimin gene in pET28a plasmid, 

PCR was performed with T7 universal primers. The intimin 

fragment 1,245 bp was observed on 1% agarose gel (Fig. 1A).

Expression and purification of the Stx2B recombinant protein 
Expression of recombinant protein was analyzed on 12% SDS-

PAGE and desired Intimin (35 kDa) in fusion with 6× His-tag 

(N-terminal) were detected (Fig. 1B). The recombinant pro-

tein produced as inclusion bodies which subsequently solu-

bilized using 8 M urea and purified using Ni-NTA column 

(Fig. 1C). 

Western blotting to confirm protein expression
The authenticity of recombinant intimin (35 kDa) proteins 

were confirmed by anti-poly His-tag antibody (Fig. 1D). In 

contrast, no reactivity was observed in negative control.

Determinnation the size of nanoparticle using zetasizer
The potential zeta of nanoparticle is an important factor in 
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the stability of the particles in solution. Chitosan and three 

methyl chitosan particles with zeta-positive potential have a 

greater stability in the solution. Moreover, higher zeta poten-

tial of chitosan lead to the adhesion particles to proteins and 

the mucosal surface and has a better ability to deliver protein 

in mucosal immune system (Fig. 2).

Evaluation of immunogenicity using ELISA
ELISA was used to determine the quantity the specific IgG 

and IgA antibodies against intimin protein. Results showed 

the specific IgG, serum IgA, and fecal IgA antibodies to inti-

min, respectively (Fig. 3A-C). These titration detected as early 

as the first immunization in the sera from immunized mice 

which increased significantly after the second booster. There 

was the significant difference (p<0.05) in antibody titers be-

tween intimin in the first injection. Antibody titres specific to 

intimin were not detected in the PBS controls. Some discrep-

ancies were seen in the titres (end-point titre) which statistical 

Fig. 1. Depiction of polymerase chain reaction (PCR) product, expression, purification and western blot confirmation of recombinant intimin 
protein. (A) PCR product on 1% agarose gel. M, DNA size marker; lane 1, eae gene in pET28a plasmid. (B) Expression of the recombinant inti-
min on sodium dodecyl sulfate polyacrylamide gel electrophoresis gel 12%. Lane 1, before induction; lane 2, pellet of lysed bacteria; lane 3, 
supernatant from the lysate bacteria; lane 4, protein size marker; lane 5, samples of 2 hours inducted by IPTG (clone 1); lane 6, sample 16 hours 
inducted by IPTG (clone 1); lane 7, samples of 2 hours inducted by IPTG clone number 2; lane 8, sample 16 hours inducted by IPTG (clone 2); 
lane 9, samples of 2 hours inducted by IPTG (clone 3). (C) Intimin protein purification by gradient pH method. Lane 1, MES solution; lane 2, flow 
through; lane 3, washing solution (pH 5.7); lane 4, elution solution 1 (pH 4.5); lane 5, elution solution 2 (pH 4.5); lane 6, elution solution 3 (pH 4.5); 
lane 7, elution solution 4, (pH 4.5); lane 8, elution solution 5 (pH 4.5); lane M, protein size marker; lane 9, lysate bacteria sample. (D) Western 
Blotting of the recombinant intimin protein. Lane M, Protein size marker, Lane 1, non inducted bacteria sample, Lane 2, Recombinant intimin 
protein sample.
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Fig. 2. Determination the loading rate of nanoparticle by Zetasizer. 

	 Diameter (nm)	 Intensity (%)	 Width (nm)

	 Z-Average (d.nm): 	 299.8	 Peak 1:	 357.5	 100.0	 197.4

	 Pdl: 	 0.557	 Peak 2:	 0.000	 0.0	 0.000

	 Intercept: 	 0.936	 Peak 3:	 0.000	 0.0	 0.000

	 Result quality 	 Good
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Fig. 3. Specific serum and fecal antibody titer against nanovaccine containig recombinant intimin and evaluation its shedding after gavaged 
with 109 of Escherichia coli O157:H7. (A) Serum IgG titers the groups. (B) Serum IgA titers among the groups. (C) Fecal IgA titers among the 
groups. (D) Fecal shedding results among the groups.
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analysis showed they were significant (p<0.05).

Challenge assay
Fecal samples of three groups were collected two times per 

day for 2 weeks and cultured in sorbitol MacConkey agar. E. 

coli O157:H7 colonies were counted at the prepared dilution 

and results were plotted on a graph. Results indicated that in 

the oral group, the highest level of protection was observed in 

immunized mice. The error bar is standard deviation and dif-

ferences were considered significant whenever p<0.05 (Fig. 

3D). 

Discussion

Water and food contaminated with E. coli O157:H7 is the main 

cause of this bacterial infection among human. The main 

and most principal source of this bacterium are animals such 

as sheep and cattle. Enterohemorrhagic E. coli O157:H7 (EH-

EC) is the organism responsible for gastrointestinal infections 

ranging from simple diarrhea to severe entric inflammation 

with hemolytic uremic colitis and in some cases lead to HUS. 

During the infection, this bacterium is able to cause signifi-

cant destructive lesions in the host enteric epithelial calls [23]. 

Economic and sanitary problems related to this bacterium is 

the reason for attention to infection with E. coli O157:H7. In 

livestock industry, this organism is the main cause of infec-

tion among young animals and currently, 15%-30% of these 

animals are involved with symptomatic and asymptomatic 

infection by this organism [3,24]. Death rates caused by diar-

rhea during the recent three decades shows that this disease 

is the second cause of childhood death below 5 years old world-

wide [25]. Pathologically, this bacterium causes disease in 

two steps. It comes near to the host cells surface by its cellular 

organs such as fimbria and then attaches to the cells. This at-

tachment disturbs the cell activity and producing some symp-

toms of A/E disease. In two steps, it secretes microbial toxins 

leading to more destructive impacts in nearby cells. These tox-

ins are also transported to far away organ cells such as kidneys.

  Prevention of this attachment process of the bacterium 

with the host cells or providing any disturbance in this attach-

ment process may disrupt the occurrence of the other patho-

logic steps, caused by this bacterium. Through recognizing 

proteins involved in bacterial attachment process, effective 

vaccines will be planned and produced. Although many vac-

cines have been already planned against EHEC O157:H7 and 

experimented, but no effective vaccine for the prevention or 

control of such infection has been planned and entered the 

market globally [26]. For this reason, planning a vaccine aga

inst this bacterium, through recombinant protein technology 

and through the production of effective antigens is very es-

sential. Many scientists have tried to produce effective vac-

cines against EHEC O157:H7 the following are mentioned. 

The first trial for planning such vaccine is related to late 1990th 

and first 2000th. In those years it was confirmed that secre-

tary system proteins type III (TTSS), as well as an intramem-

brane protein (intimin), play a significant role on the attach-

ment of EHEC bacterium to the cow’s enteric cells [27-31]. 

Crystallographic studies about intimin have shown that the 

carboxyl end of intimin protein is located at the outer side of 

the bacterial membrane and its main and middle parts are 

located in the cytoplasm and between the bilayer membrane. 

In fact, the carboxylic protein end can stimulate the immune 

system and it was shown that intimin is a very good candi-

date for the vaccine [10]. Studies have shown that intimin is 

the very potent immunogenic factor and in the serum of pa-

tients infected with E. coli O157:H7 the antibody against this 

molecule was found [32,33]. A study conducted in 2015 is in-

dicative of the effectiveness of intimin protein EspA and Tir. 

These proteins immunize cows against EHEC O157:H7 sig-

nificantly. In the other study, Tir protein was eliminated and 

flagellin protein H7 was used instead. This procedure caused 

a high immunogenic activity. Investigation of colonies showed 

a significant decrease in fecal samples [34-36]. In 2016 immu-

nogenic reaction was studied among the mice vaccinated na-

sally. In this study recombinant protein EspB and 280 amino 

acids of C-terminal of intimin γ, as well as lipopeptide-2 was 

used for activating the immunity among the pregnant mice 

and results were evaluated. A group of mice was allowed to 

breastfeed their babies and another group was not allowed to 

do so. After the breastfeeding period, the serum of these mice 

was investigated, isolated immunization led to significant IgG 

titer among mice [37]. The main objective of this study was to 

prepare nanoparticles including recombinant intimin pro-

tein as a vaccine candidate and then the oral immunization 

of this nanoparticle to mice model in order to produce im-

munization through mucosal route. Two other immunization 

method (injection and oral-injection) of nanoparticles were 

also performed to define the most effective method for im-

munization. After gene induction, the recombinant protein 

was significantly expressed in insoluble phase in which the 

denaturing method and nickel column were used for purifi-

cation. Refolding of this protein can produce antibody in ani-
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mals and able to recognized and neutralized bacterial. In 2016, 

the potency of two nanoparticles as well as their immuniza-

tion activity was investigated. Layered Double Hydroxides (LDH) 

and Hydroxyethyl cellulose nanoparticles two nanoparticles 

which have significant carriage ability of intimin B were used 

for mice immunization. Results were indicative of new gen-

eration of vaccine formulation able to control infectious dis-

eases and LDH and HEC NPs are also able to induce the cel-

lular immune response and strong antibodies [38]. 

  Studies conducted about chitosan in 2016 showed that be-

cause of its ability to stimulate the cell-mediated immune 

system, chitosan is a good candidate for drug delivery and 

working as an adjuvant. Chitosan can increase the matura-

tion of dendric cells. Through producing a type of interferon  

which was stimulated maturing the dendric cells [39,40]. 

Physicochemical properties of nanoparticles including their 

types, sizes and immunogens loading percentages and pro-

tein release are among the effective factors of immunogenicity.

  In this study, the size of nanoparticles was estimated as 299 

nm and loading output was about 89.7% showing the good 

quality of nanoparticles and high protein loading output. Re-

sults showed that secretion IgA antibody titers in feces were 

higher than those in serum samples. Better results may be 

achieved through changing factors such as increasing the 

doses as well as improving the loading output and changing 

the nanoparticles. Results of ELISA study among three groups 

of oral, injection and oral-injection showed the higher titers 

of IgG among the injection group, followed by the oral-injec-

tion, and oral groups. For the IgA titers its level was highest in 

the oral group followed by the oral-injection and IgA titers in 

injection group was at the lowest range. The challenge on the 

mice showed less shedding rate among the oral groups than 

others indicative of higher protection rate in oral group. Ac-

cording to the results of this study, intimin included nano-vac-

cine may be regarded as a good candidate for protection aga

inst this bacteria.
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