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ABSTRACT 
 

The present work evaluated the mesoporous silica nanoparticles (MSNs) as a 

promising adjuvant in preparation of inactivated avian influenza H9N2 

vaccine in chicken. Two inactivated vaccine formulae were prepared by using 

Montanide™ ISA 71 VG and MSNs as adjuvants. Both vaccine formulae 

were found to be sterile and safe from local or systemic post-vaccinal 

reactions. Regarding the vaccine potency, it was found that antibody titer 

against H9N2 strain was detected in chickens of the group (2) that received 

the inactivated H9N2 vaccine with MSNs adjuvant and the highest antibody 

titer (9.6 log2) was detected early at both 2
nd

  and 3
rd

-week post-vaccination 

using haemagglutination inhibition test. On the other hand, the antibody titer 

against the H9N2 virus in chickens of group (1) vaccinated with the 

inactivated H9N2 vaccine adjuvanted with Montanide ISA 71 was (5.3 log2 

and 8.6 log2) at 2
nd

 and 3
rd

-week post-vaccination respectively and reached its 

maximum value at 4
th

-week post-vaccination (9.0 log2). The results of viral 

shedding in group (1) vaccinated by Montanide ISA 71 H9N2 vaccine showed 

only virus shedding of 9.3 × 10
2
 EID50 and Ct value of 35.53 2

nd
 day post-

challenge (DPC) using Real-time RT-PCR. While in group (2) received MSNs 

and H9N2 vaccine detected no virus shedding at 2
nd

 DPC, later viral shedding 

was detected at a rate of 2.4×10
2
 (Ct value of 24,24) and 4.2×10

2
 (Ct value of 

26.77) at 4
th

 and 6
th

 DPC respectively in comparison with the control 

unvaccinated group (3) that had the highest virus shedding value ranged from 

3.5×10
7
 (Ct value of 20.34) at 2

nd
 DPC to 3.08×10

6
 (Ct value of 23.92) at 6

th
 

DPC. The present work proved the efficacy of silica nanoparticles as a 

possible adjuvant for inactivated Avian Influenza H9N2 vaccine.   
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INTRODUCTION 

  In many countries, avian influenza (AI) H9N2 

has become a major threat in the poultry sector. 

Despite the fact that H9N2 viruses are classified as 

low pathogenic avian influenza (LPAI), they constitute 

a considerable threat to public health as they have the 

potential to become pandemic (Syamsiah Aini et al., 

2019). 
 

  In 1966, Avian Influenza H9N2 viruses were 

first isolated in turkeys. It then appeared in a variety of 

terrestrial, avian species and is now one of the most 

endemic subtypes in chickens (Naguib et al., 2019; 

Ali et al., 2018). The first isolation of H9N2 in Egypt 

was in 2011 where the virus was isolated from 

commercial bobwhite quail. The hemagglutinin gene 

sequence of the isolated Egyptian viruses showed the 

highest similarity with one of the recent Israeli strains 

(97%) detected from 2006 to 2010 (El-Zoghby et al., 

2012).  
 

The successful vaccination process depends on 

improving two main components of vaccines: the 

biological component represented in the antigen and 

the appropriate adjuvant. As the adjuvant is critical for 

enhancing the proper immunogenicity of the biological 

component, the existence of an excellent adjuvant is 

required for the biological component as it cannot 

induce strong humoral and cellular immune responses 

alone (Delany et al., 2014). 
 

https://javs.journals.ekb.eg/
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Dimension of Nanoparticles ranges from 1-

100nm, especially in drug delivery. The drug may be 

in different forms as dissolved, entrapped, 

encapsulated or attached to a nanoparticle matrix 

(Swami et al., 2012). The hydrophilic surface of 

nanoparticles blocks opsonization and allows easier 

internalization, while the hydrophobic core is 

beneficial for drug loading. Silicon dioxide (Silica) 

nanoparticles are the most favorable nanoparticle 

adjuvant candidates. There are particles with a 

diameter of less than 100 nm and different structures 

such as mesoporous Silica (Mercuri et al., 2006).  
 

Mesoporous silica materials were received 

considerable attention due to their superior textual 

properties such as large pore volume, tunable pore 

diameter, high surface area,  and narrow pore size 

distribution (Kresge et al., 1992).  
 

Because of their excellent chemical properties, 

thermal stability, and biocompatibility, mesoporous 

silica nanoparticles (MSNs) are frequently used as 

delivery agents. Their active surface allows 

functionalization to modify surface properties and link 

therapeutic molecules (Bharti et al., 2015). The 

mesoporous form of silica has unique properties, 

especially when therapeutic loading agents are in high 

quantities and subsequent releases. Because of the 

solid Si-O bond, Silica-based mesoporous 

nanoparticles are more stable to external responses 

such as degradation and mechanical stress than 

niosomes, liposomes, and dendrimers, which inhibit 

the need for any external stabilization in the synthesis 

of MSNs (Sooyeon et al., 2013). 
 

Due to the harmful impact of avian influenza 

(H9N2) on poultry production, this work aims 

primarily to improve the adjuvant used to potentiate 

immune response. This will be done through the use of 

modern adjuvants such as MSNs and comparing it 

with the currently used adjuvant Montanide™ ISA 71 

VG. 
 
 

 

MATERIALS AND METHODS 

Ethical approval: 
The present work was approved by the Institutional 

Animal Ethics Committee of Veterinary Serum and 

Vaccine Research Institute. All procedures and chick's 

care were carried out in accordance with the 

institutional guidelines for animal use in research. 

 

1-The virus: 
Egyptian local isolate of influenza A virus strain 

A/chicken/Egypt/114922v/2011(H9N2) was kindly 

provided by National Laboratory for Veterinary 

Control on Poultry Production, Animal Health 

Research Institute (NLVCPP/AHI), Egypt. The 

sequence of this virus is registered in the Genebank 

under the accession number: AIV (JQ419502). 

 

2-Adjuvants:  

2.1-Montanide™ ISA 71 VG:  
It is a mineral oil-based adjuvant manufactured and 

developed by SEPPIC Co. (France) for manufacturing 

water-in-oil (W/O) emulsion. It is routinely used for 

vaccine production at Veterinary Serum and Vaccine 

Research Institute. (VSVRI), Abbasia, Cairo.   

 

2.2- Silica nanoparticles (mesoporous silica 

nanoparticles, (MSNPs) : 
MSNPs were provided from Material Science and 

Nanotechnology Department, Faculty of Postgraduate 

Studies for Advanced Sciences, Beni- Sueif 

University. 

 

Preparation of MSNPs: methods described by 

(AbouAitah et al., 2016)  
One gram of cetylpyridinium bromide hydrate (CPB) 

and 0.6 g of urea were dissolved in 30 ml of deionized 

water with continuous stirring for 30 min. 

Cyclohexane (30 ml) and isopropanol (1.2 ml) were 

added to the solution. Under strong stirring at room 

temperature, Tetraethyl Orthosilicate (TEOS) (2.7 ml) 

was gently added dropwise to the mixed solution in 5 

min. After 30 min of sturdy stirring, the reaction 

mixture was heated to 85 °C and kept for 17 hours at 

4
o
 C. The mixture was centrifuged and thoroughly 

washed with acetone and water several times. MSNs 

were left to dry for 12 hrs. at room temperature. To 

remove the template surfactant molecules from the 

mesoporous, the as-synthesized material was calcined 

at 600°C for six hours. The resulting material was 

characterized using Field emission scanning electron 

microscopy Quanta FEG (FESEM). 

 

3-Preparation of the aqueous phase (virus):3.1-

Propagation and titration: 
Propagation and titration of H9N2 were done in 

specific pathogen-free eggs (SPF) 9 -10 day old 

embryonated chicken egg (ECE) according to methods 

described by OIE, (2019). Its titer was 10
9
 EID50/ml. 

 

3.2-Virus inactivation:  
According to (OIE, 2019), inactivation of AI virus 

was carried out using formalin in a final concentration 

of 0.1% of the total volume drop by drop during 

blending on a magnetic stirrer for 18-20 hrs. at 25
o
C. 

 

3.3-Compeletion of inactivation:  
The final concentration of 2% sodium bisulfite 

solution was added as a residual formalin neutralizing 

agent. Two blind successive passages on ECE were 

carried out before the antigen was considered safe. 
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4-Scanning electron micrographs:  
It was carried out for monitoring and confirmed 

carrying efficacy of Nanoparticle and viral particles at 

Materials Science and Nanotechnology Department, 

Faculty of Postgraduate Studies for Advanced 

Sciences, Beni-Sueif University according to (Zongxi 

et al., 2012 and Liu et al., 2019) Figure (1) 

5-Vaccine formulation:  
Two formulae of vaccine were prepared: 

 

Formula (1): Montanide™ ISA 71 VG 

formula: 
Water in oil emulsion vaccine was prepared using 

Montanide™ ISA 71 VG at a ratio of 30/70 (v/v) 

aqueous/oil ratio. The aqueous medium is mixed into 

the MontanideTM ISA 71 VG at room temperature 

with vigorous stirring (for 15-30 minutes), as 

instructed by the manufacturer. The antigen content in 

the prepared vaccines was adjusted to be not less than 

10
8.5

 embryo infective dose 50% (EID50). 

 

Formula (2): MSNPs formula:   
To adjust the same antigen content (10

8.5
/dose

 
EID50), 

nine parts of each inactivated virus fluid were mixed 

together with one part of (MSNPs) powder dissolved 

in Tris HCl 7.6-7.8 pH according to the method 

described by (Zongxi et al., 2012) and (Liu et al., 

2019).  

 

6- Quality control of the prepared vaccines 
The prepared vaccines were tested for sterility, safety 

and purity tests following the standard international 

protocols as described by (CFR, 2019). 

 

7- Experimental Design: 
A total of 150 SPF chicks at 3 weeks old were used to 

evaluate the prepared vaccines and 40 SPF chicks at 3 

weeks of age were used to evaluate the safety of both 

vaccines.  

 
The chicks were divided into 3 groups, 50 

chicks per each, group (1) Chicks vaccinated with 

Montanide™ ISA 71 VG H9N2 vaccine, group (2) 

Chicks vaccinated with MSNPs H9N2 vaccine and 

group (3) unvaccinated control chicks kept without 

vaccination. All vaccinated chicks receive 0.5 ml of 

prepared vaccines. Specific pathogen-free (SPF) 

chicks were obtained from SPF Egg Production Farm, 

Koum Osheim, El-Fayoum, Egypt and housed in 

brooder units within isolation facilities. 

  
Blood samples were collected aseptically from 

the jugular vein of vaccinated and unvaccinated chicks 

weekly up to 12 weeks post-vaccination. The serum 

was separated and kept at -20
o
C until to be used. 

 

8-Haemagglutination (HA) and Haem-

agglutination inhibition (HI) tests:  

They were used to evaluate humoral immune 

response against LPAI A/chicken/Egypt/ 

114922v/2011 (H9N2) and carried out on serum 

samples collected from vaccinated and unvaccinated 

chicken groups for 12 weeks after a single vaccination 

with the prepared vaccines. It is performed according 

to (OIE, 2019).  

 

9-Challenge test: 
Twenty-one days post-vaccination, twenty chicks from 

the vaccinated and unvaccinated groups were 

challenged with the LPAI 

A/chicken/Egypt/114922v/2011 (H9N2) kindly 

provided by National Laboratory for Veterinary 

Control on Poultry Production, Animal Health 

Research Institute (NLVCPP/AHI), Egypt. The birds 

were injected by Intra Muscular route (0.5 ml) of 

allantoic fluid containing 10
6 

EID50 of the challenged 

virus according to (OIE, 2019). Oropharyngeal swabs 

were collected at 2
nd

, 4
th
 and 6

th
 days post-challenge 

(DPC) and tested by Real-Time PCR. 

 

10- Real-Time RT-PCR Assay: 

A- According to the manufacturer instructions, 

Extract avian Influenza virus RNA using QIAamp 

Viral RNA Mini kit (U SA). 

B- According to the manufacturer's instructions 

C- , the preparation of PCR Master Mix for H9 using 

QuantiTect probe RT-PCR kit (USA) was done  

D- Using gene-specific probe and primer sets for 

influenza virus H9 (Ben Shabat et al., 2010) 
 

Gene Name Sequence 

H9 F GGAAGAATTAATTATTATTGGTCGGTAC 

 R GCCACCTTTTTCAGTCTGACATT 

 Probe [CY5]AACCAGGCCAGACATTGCGAGTAAGATCC[BHQ] 

 
 

Transcription at 50
o
 C for 30 min followed by 

initial denaturation at 95
o
 C for 15 min, 40 cycles of 

denaturation at 90
o
 C for 15 sec and annealing at 60 

for 45 sec. 

E- Using Applied Biosystems 7500 Fast Real-Time 

PCR System and software (USA). 

 
  The number of HA gene copies was quantified 

in a TaqMan® RT-PCR based on the positive control 

tenfold dilution of an in vitro transcribed RNA 

template of the challenged virus. A Ct value of 40 was 

selected as the cut-off between positive and negative 

results, and samples with Ct higher than 40 were 

considered negative for AIV. 
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11- Statistical analysis: 
The obtained results were analyzed 

statistically by an independent T-test using the SPSS 

program (SPSS, 2006). 

 
 

RESULTS\ 

  

1. Scanning electron micrograph: 
 

As shown in Fig. (1), the electron micrograph 

illustrated the structure of the prepared MSNs by two 

different magnifications. It is clear at (x40000) that the 

particles are of spherical shape with nearly equal 

diameters. Another striking feature is their 

homogenous distribution. Increasing magnification (x 

100000) to get closer to the particle surface, it was 

observed that its size was about 50 nm and the porous 

nature of the particles has appeared hand in hand with 

marked roughness. 
 

 

Fig. 1: Scanning electron micrographs of MSNs. 

 

2-Quality control of prepared vaccines: (OIE, 

2019). 

Sterility test:  
The prepared vaccines were found free from 

any bacterial, fungal and Mycoplasma contamination. 

 

Safety test:  
The vaccines were found to be safe and 

produced no clinical, local, and systemic or necropsy 

findings. 

 

3- HI test for chicken groups antibody assay:  

As shown in Table (1) and Fig. (2), it was 

noticed that group (2) exhibited a detectable and early 

high level of antibody titer against H9N2 virus at 2
nd

 

and 3
rd

 weeks post-vaccination (wpv) as (9.6 log2). On 

the other hand, the antibody titer against H9N2 in 

birds of the group (1) was slightly lower than those 

detected in the group (2) at the same weeks (5.3 log2 

and 8.6 log2), respectively. 

Table 1: The Mean AI-HI antibody titers in vaccinated 

chickens with prepared vaccines against H9N2 virus: 
 

 

Sig. =0.791 > 0.05  

Group 1: chicken vaccinated with AI vaccine Montanide™ ISA 71 

VG formula. 

Group 2: chicken vaccinated with AI vaccine MSNPs formula . 

Group 3: control chicken kept without vaccination. 

 

 
 

Fig. 2: The Mean AI-HI antibody titers in 

vaccinated chickens with prepared vaccines 

against H9N2 virus. 
 

4-Evaluation of virus shedding post challenge:  
By Real-Time RT-PCR, the shedding of the 

virus after challenge with H9N2 for groups (1) and (2) 

and unvaccinated control group (3) at interval days 

was measured. No shedding was detected in samples 

from the group (1) (received Montanide™ ISA 71 VG 

formula vaccine) in 4
th
 and 6

th
 days post-challenge 

(DPC), whereas it showed very weak virus shedding at 

2
nd

 DPC. Groups (2) (received  MSNPs formula 

vaccine) showed a little amount of virus shedding 

starting from day 4 post-challenge by the 6
th
 DPC 

compared to the control group (3) that had the highest 

virus shedding value among all experimental groups 

(Table 2). Clinically, all groups showed no mortalities 

except some flu-like signs in the control unvaccinated 

group.  

Weeks  

post-

vaccination 

Mean AI-HI titer (log2)  
in chicken groups 

Group 1* Group 2* Group 3 

1 4.6 ± 1.39 4.3 ± 1.53 0 

2 5.3 ± 1.39 9.6 ± 1.53 0 

3 8.6 ± 1.39 9.6 ± 1.53 0 

4 9.0 ± 1.39 7.6 ± 1.53 0 

5 8.3 ± 1.39 6.6 ± 1.53 0 

6 7.6 ± 1.39 7.6 ± 1.53 0 

7 8.6 ± 1.39 8.3 ± 1.53 0 

8 8.3 ± 1.39 9.3 ± 1.53 0 

9 8.0 ± 1.39 8.3 ± 1.53 0 

10 7.3 ± 1.39 7.6 ± 1.53 0 

12 7.6 ± 1.39 7.0 ± 1.53 0 
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Table 2: Results of real-time RT-PCR for detecting of 

H9N2 RNA copies of groups vaccinated with prepared 

vaccines post-challenge. 

 

Time 

point 
Group Ct* 

Shedding 

titer (EID50) 

2
nd

 DPC** 

1 35.53 9.3×10
2
 

2 No Ct 
No 

shedding 

3 20.34 3.5×10
7
 

4
th

 DPC 

1 No Ct 
No 

shedding 

2 24.24 2.4×10
2
 

3 21.9 1.2×10
7
 

6
th

 DPC 

1 No Ct 
No 

shedding 

2 26.77 4.2×10
2
 

3 23.92 3.08×10
6
 

 

*Ct= Cycle time (positive below 40).  

**DPC= days post challenge. 

 

DISCUSSION 

 From its economic and epizootic importance, 

global and local vaccines against avian influenza were 

carried out and already have been produced. The use 

of MSNs is based on their unique intrinsic properties, 

including a large surface area, large pore size, 

excellent biocompatibility and biodegradability, and 

stable aqueous dispersion. MSNPs have received much 

attention in the last few decades because of their 

applications as a promising platform in the 

biomedicine field. The pore size of these porous 

structures ranges from 2 to 50 nm, making them ideal 

candidates for various biomedical applications. (Jafari 

et al., 2018).  
 

In this study, the Preparation of avian 

influenza H9N2 vaccine by utilizing Nano adjuvant 

(Mesoporous silica nanoparticles) was found efficient 

and provided the early and long duration of immunity 

in vaccinated chickens. As shown in Fig. (1), the 

scanning of MSNs by electron micrograph illustrated 

the structure of the prepared MSNs by two different 

magnifications. It is clear at (x40000) that the particles 

are of spherical shape with nearly equal diameters. 

Another striking feature is their homogenous 

distribution. Increasing magnification (x 100000) to 

get closer to the particle surface, it was observed that 

its size was about 50 nm and the porous nature of the 

particles was appeared hand in hand with marked 

roughness. These results agreed with (Liu et al., 

2019). 
 

Regarding quality control of the prepared 

vaccines, the results of sterility tests revealed that both 

vaccine candidates were sterile and free from any 

aerobic, anaerobic, fungal and Mycoplasma 

contaminations. These results are coming in parallel 

with the recommendation of (OIE, 2019).  

 

The obtained safety test results revealed that 

all the inoculated chickens with both vaccine formulae 

survived all over the observation period and neither 

signs of local reactions as irritation nor systemic 

reactions that indicate both prepared vaccines were 

safe. These results agreed with (Bharti et al., 2015), 

who mentioned that mesoporous silica nanoparticles 

are used in controlling and targeting drug delivery 

systems due to their low toxicity and high drug loading 

capacity.  

 

The experimental design was planned to 

evaluate the potency of the experimentally prepared 

vaccines formula 1 (avian influenza vaccine using 

Montanide™ ISA 71 VG adjuvant) and formula 2 

(avian influenza vaccine using MSNPs) by measuring 

humoral immune response in vaccinated chicks. 

Evaluation of induced humoral immune response was 

carried out using Haemagglutination inhibition test 

(HI) as assessed by (Adrianus and Richard, 2009). 

They described the HI test as the benchmark for 

assessing the antigenic relationships between influenza 

viruses and post-infection serum.  

 

It was noticed that the birds of the group (2) 

that received the H9N2 vaccine using MSNPs 

(formula 2) exhibited a detectable and early high level 

of antibody titer against the H9N2 virus at 2
nd

 and 3
rd

 

weeks post-vaccination (wpv) as (9.6 log2). On the 

other hand, the antibody titer against H9N2 in birds of 

the group (1) that received H9N2 vaccine using 

Montanide™ ISA 71 VG (formula 1) was slightly 

lower than those detected in the group (2) at the same 

weeks (5.3 log2 and 8.6 log2) respectively as shown in 

Table (1). Group (1) reached its maximum value at the 

4th-week post-vaccination (9.0 log2). These results 

agreed with (Allan et al., 1978), who observed the 

appearance of the antibody against H9N2 in serum 

samples of vaccinated chicks from the first (wpv) till 

reached the peak of titer about 3-4 wpv after that 

began to decline slowly. While in the group (2), the 

maximum antibody value detected earlier at 2
nd

, 3
rd

 

weeks post-vaccination with non-significance increase.  

These results matched with studies of (Bharti et al., 

2015) that focused on silica's unique mesoporous 

structure, which facilitates effective loading of drugs 

and their subsequent controlled release of the target 

site to improve the immune response.  
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Viral shedding has a very significant 

parameter used to detect vaccine efficacy, and viral 

shedding control has the main role in limiting viral 

transmission (El-Masry et al., 2014). The chickens 

vaccinated with both H9N2 formulae was challenged 

using 10
6
 EID50/ ml of challenged H9N2 virus at 21 

days post-vaccination (6 weeks old), oropharyngeal 

swabs obtained at day 2, 4 and 6 post-challenge for 

detection of the amount of viral shedding from the 

vaccinated group (1), (2) and non-vaccinated control 

group (3) (OIE, 2019). The results revealed that 

chickens of the group (1) vaccinated with formula 1 

show a little amount of virus shedding as 9.3×10
2
 at 

day 2 post-challenge, then the virus shed disappeared 

at 4
th
 and 6

th
 DPC. Group (2) vaccinated with formula 

2 show very weak viral shedding starting from day 4 

post-challenge till 6
th
 DPC as 2.4×10

2
 and 4.2×10

2
 

respectively but control non-vaccinated group (3), 

when challenged with the same dose of the challenged 

H9N2 strain, showed a high amount of virus shedding 

at day 2, 4 and 6 post-vaccination as showed in Table 

(2).  

 

These results agreed with Bharti et al., (2015) 

and Trewyn et al., (2007), who explained the zigzag 

curve for serum antibodies produced by MSNPs 

vaccines and the rapid shot immune response in the 

first 2 weeks post-vaccination and also (Zongxi et al., 

2012) who mentioned that silica nanoparticles (MSNs) 

have a large pore volume and surface area that act as 

efficient server carriers for many therapeutic agents. 

The functionalization of MSNPs with molecular, 

supramolecular or polymer moieties provides the 

material with great versatility such as performing 

vaccine adjuvant delivery tasks, which makes the 

delivery process highly controllable so the hollow 

MSNPs can achieve a super-high drug loading 

capacity due to the hollow cores which provide more 

space to load drugs, typically >1 g drug/1 g of silica. 
 

CONCLUSION 
 The obtained findings provide insight into a 

new formulation of inactivated avian influenza H9N2 

vaccine using silica nanoparticles as innovated 

adjuvant to achieve a super-high drug loading efficient 

vaccine that provides early protection and long 

duration of immunity in vaccinated chickens. 
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