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1. Introduction 
Influenza and Newcastle disease are poultry's most eco-

nomically important viral pathogens worldwide [1]. Avian 
influenza is one of poultry's most contagious viral respira-
tory diseases that is highly spreading. A virus belonging to 
the orthomyxovirus family causes it, and all types of it in 
poultry belong to influenza virus type A [2]. The main pro-
teins of influenza virus coatings are hemagglutinin (HA) 
and neuraminidase (NA), which are involved in the entry 
and spread of the virus [3]. These surface glycoproteins 
are the main components of the antigenic structure of the 
virus and the essential component of influenza vaccines 
[4]. 

Hemagglutinin with a molecular weight of about 75-70 
kDa is the predominant membrane glycoprotein. Hemag-
glutinin is the most abundant surface protein of the outer 
membrane of the virus, triggering a high immunogenicity, 
HA protein which is a surface glycoprotein is produced as 
inactive (HA0). Then it is proteolytically cleaved by tryp-
sin-like proteases into HA1 and HA2. HA consists of two 
subunits large (HA1) and small (HA2). Almost all virus 

antigen sites are located on the HA1 domain of this gly-
coprotein and can stimulate the production of an immune 
response equal to the complete protein of the virus [5]. 

Newcastle virus belongs to the avian paramyxovi-
rus Type 1 [6]. Newcastle contains a single-strand nega-
tive-sense RNA genome encoding 6 major structural and 
non-structural proteins, nucleocapsid, phosphoprotein, 
matrix, fusion, hemagglutinin neuraminidase, and RNA-
dependent RNA polymerase [7]. 

F protein is a glycoprotein involved in infectivity and 
pathogenesis, resulting in stimulation of the immune sys-
tem [8]. F protein is a membrane fusion protein and it ap-
pears that the placement of this part of the protein in the 
target cell membrane initiates fusion [9]. Unfortunately, in 
Iranian vaccines, the main immunogenic factors including 
HA and F, are largely lost due to the use of old produc-
tion methods, especially inactivation stages. Therefore, 
the immunogenicity of these vaccines is not appropriate. 
Therefore, both the immunogenicity of these vaccines will 
be increased and the possibility of recombination will be 
reduced to zero if the main immunogenic agents of these 
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viruses can be used purely as vaccines [10]. 
Therefore, this study aimed to clone and express the 

HA and F genes of influenza H9N2 and Newcastle disease 
viruses in Sf9 cells using baculovirus expression system 
simultaneously, which might be used as a dual vaccine 
against these diseases.

This is the first report on the cloning and Co-expres-
sion of two HA and F genes using baculovirus expression 
system and can be a candidate for dual influenza and New-
castle vaccine.  

2. Materials and Methods
2.1. RNA extraction

To extract virus RNA, inactivated H9N2 strain of in-
fluenza and inactivated Newcastle vaccine were prepared 
from the Razi Vaccine and Serum Institute (Iran). RNA ex-
traction was performed by RNA extraction kit (Sinaclone; 
Iran) using the standard protocol of the kit.

2.2.  cDNA synthesis
Each of the specific primers of the H9N2 influenza 

virus HA gene and Newcastle virus F gene was designed 
using sequences in NCBI gene bank (accession number 
for HA gene is AJ404626.1and accession number for F 
gene is ACW19917.1) and bioinformatics software. NcoI 
and KpnI sites were designed at the beginning and end of 
the F gene, respectively, and BamHI and XbaI sites were 
also designed at the beginning and end of the HA gene, 
respectively (Table 1). 

Real-time reverse transcription-polymerase chain reac-
tion (rRT-PCR) reaction was performed for cDNA synthe-
sis using ThermoScript ™ RT-PCR System (Invitrogen 
™, USA) and Reverse primers. The temperature program 
consisted of 60 minutes at 42 ℃ for reverse transcription, 
5 minutes at 37 ℃ for completing the synthesis period, 5 
minutes at 70℃, and finally 15 minutes at 4℃.

The Polymerase chain reaction was performed to am-
plify F and HA genes using Exprime master mix (2X) and 
specific primers. The reaction mixture consisted of 12.5 µl 
of master mix, 1 µl (10 picomoles) of each of the forward 
and reverse primers, 1 µl of the synthesized cDNA (ap-
proximately 100 ng/µl) and a final volume of 25 µl. The 
amplification was performed by the following program: 
initial denaturation at 95 ℃ for 3 minutes, followed by35 
cycles consisting of denaturation at 95 ℃ for 30 s, annea-
ling at 49 ℃ for 30 s, extension at 72 C for 1 min and a 5 
min final extension step at 72 ℃. The reaction product was 
cloned into the TA cloning vector pTZ57R by the standard 
method of the kit and then transferred to the E. coli com-
petent cell by heat shock method [11]. 

2.3. Preparation of F and HA genes and pFastBacTM 
Dual vector 

The fragments were generated by restriction enzymes 
digestion as follows: BamHI and XbaI for the F gene and 
two enzymes NcoI and KpnI (ThermoFisher, USA) for the 
HA gene at 37 ° C for 3 hours. F and HA genes were liga-
ted into the pFastBacTM Dual vector in a final volume of 
10 μl. Initially, the ligation reaction mixture consisted of 
1.5 μl of pFastBacTM Dual vector, 3 μl of HA gene, 3 μl of 
F gene, 1 μl of T4 DNA ligase (Thermofischer USA), 1 
μl of 10 X ligation buffer and 1 μl of polyethylene glycol. 
The reaction mixture was placed at 22 ° C for 60 minutes. 
5 μl of the ligation reaction was transformed in the E. coli 
DH5α by standard heat shock method [11]. Recombinant 
colonies were cultured on the LB agar medium containing 
ampicillin. The accuracy of cloning was confirmed by co-
lony PCR and enzymatic digestion. 

2.4. Recombinant bacmid construction
Recombinant plasmid pFastHA-F was extracted using 

the purification kit (Pouya Gene Azma, Iran) according 
to the standard protocol of the kit. Recombinant plasmid 
pFastHA-F was transferred to E. coli DH10Bac competent 
cell using the standard heat shock method [10]. Recombi-
nant DH10Bac competent cells were cultured in LB agar 
medium containing kanamycin, tetracycline and gentami-
cin (at concentrations of 50, 10, and 7 g/ml, respectively). 
Large bacmid DNA size (about 135 kb) leads to difficulty 
in enzymatic digestion, Therefore, a PCR reaction was 
used to confirm the recombinant bacmid. Bacmid has M13 
primer sequences on both sides of the transposon site in 
the laczα region, so M13-specific primers were used for 
performing PCR (Table 2). The reaction mixture consisted 
of 2.5 μl Buffer (10X), 0.5 μl dNTP Mix (10 mM each), 1 
μl of each primer, 1 μl of DreamTaq DNA Polymerase, 5 
μl of recombinant plasmid in a final volume of 25 μl. The 
amplification was performed by the following program: 
one cycle at 94 ℃ for 4 minutes, followed by 94℃ for 45 
s, 55℃ for 45 s, 35 cycles at 72 ℃ for 5 minutes and one 
cycle at 72℃ for 7 minutes.

2.5. Expression of recombinant proteins in Sf9 cells
Sf9 cell was used to express the recombinant protein. 

After preparing Sf9 insect cells from Cell Bank of Pas-
teur Institute of Iran, 800 ×106 young cells in logarithmic 
phase containing Grace's Supplemented Insect Medium 
)10% FBS, and 1% of penicillin and streptomycin antibio-
tics ( were cultured at 37 ° C. Recombinant Bac-PPRHF 
complex was formed by combining 8 μl of cellfectin and 
1 μg of DNA. The mixture was incubated at room tempe-

Name Primer

HA F: GGATCCATGGAAACAATATCACTAATAACTATAC
R: AAGCTTTTATATACAAATGTTGCATCTGCAAGATC

F F: CCATGGATGGGCTCCAAACCTTC                  
R: GGTACCTCATGTTCTTGTAGTGGC

Table 1. Primers for amplifying H and F genes.

Name Primer

M13 F: CCCAGTCAC GAC GTT GTA AAA CG
R: AGCGGA TAA CAA TTT CAC ACA GG

Table 2. M13 specific primers.
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rature for 30 minutes. The transfection mixture was added 
dropwise to the cells and the cells were kept at 27 ° C for 
5 h. After removing the transfection mixture, 2 ml of com-
plete culture medium containing 10% FBS was added to 
the cells and the cells were incubated at 27 ° C. After the 
onset of cytopathic effects on the third day after infection, 
the supernatant was removed, and the solution was then 
centrifuged at 2000 g for 4 minutes at 4 ° C to remove 
cell debris. Regarding the presence of peptide signal at the 
beginning of both genes and expectation of secretion of 
recombinant protein into culture medium, or production 
of VLP, the supernatant was examined for the presence of 
protein by standard SDS-PAGE method [12]. 

2.6. Western blotting
The recombinant protein was transferred from the 

SDS-PAGE gel to the nitrocellulose membrane by the 
standard semi-dry method. Conjugation was performed 
by adding 15 ml of PBS buffer containing 7.5 μl of Alka-
line phosphatase (AP)-conjugated secondary antibody and 
stirring gently for one hour at laboratory temperature. The 
membrane was transferred to 15 ml PBS buffer contai-
ning 45 NBT and 35 μl X-Phosphate and placed in a dark 
place. Bradford standard method was used to evaluate the 
amount of recombinant protein produced.

3. Results
The accuracy of HA gene cloning in pFastBacTM Dual 

vector was performed using colony PCR (Figure 1) and 
enzymatic digestion (Figures 2 and 3). The results showed 
the accuracy of HA gene ligation with pFastBacTM Dual 
vector under polyhedrin promoter. 

Examination of the gene on the recombinant bacmid 
using PCR and specific primers of HA and F genes, as well 
as M13 primer, where the recombinant bacmid revealed 
both HA and F genes (Figures 4 and 5).

After transfection of recombinant cells into Sf9 insect 
cells, examination of cell growth and comparison with 
non-transfected cells showed that cell division stopped 
and the cells enlarged and formed CPE in Sf9 cells infec-
ted with the virus (Figure 6).

Examination of the supernatant of Sf9 cells transfec-
ted with the recombinant virus carrying both genes by 
SDS-PAGE showed a band of about 62 kDa. Because the 
molecular weight of both proteins is about 61 kDa, it is 

Fig. 4. Electrophoresis of PCR product on recombinant bacmids with 
specific primers of HA and F genes. Lanes 1 to 3: PCR product of 
HAF bacmids with specific primer of HA gene with 1.7 kb size. Lanes 
4, 5 and 7: PCR products of HAF bacmids using F gene specific pri-
mers with 1.7 kb size. Lane 6: 1kb ladder.

Fig. 1. Electrophoresis of PCR product on agarose gel. Lane1: F gene 
PCR product, Lane2: HA gene PCR product, Lane3: 1kb ladder.

Fig. 2. Electrophoresis of pFastHA1 vector digested with BamHI and 
XbaI enzymes. Lane1: 1kb plus ladder, Lane2: Vector digested with 
two enzymes. Two lanes belonging to vector (5 kb) and the pFastHA1 
vector was about 7 kb in size. Two bands of about 7 kb and 1.7 kb 
were created by ligation of the F gene and pFastHA1 vector based 
on enzymatic digestion, indicating the correct ligation of the F gene 
under the P10 promoter.

Fig. 3. Electrophoresis of pFastHAF vector digestion using NcoI and 
KpnI enzymes. Lane 1: Vector carrying HA and F genes after enzyma-
tic digestion. As it is known, two bands are formed, the band of about 
1.7 kb belongs to F gene and the band of about 7 kb belongs to the 
vector-carrying HA gene. Lane 2: 1kb ladder.
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not possible to separate them on SDS-PAGE gel, so it was 
expected to see a band of about 60 to 65 kDa (Figure 7).

As shown in Figure 7, only a band was observed in the 
supernatant. However, the expression band of both genes 
is stronger than the expression band of the expressed pro-
tein of one gene, and the band of HA was stronger than the 
band of the F protein. Bacmid containing F and HA genes 
were also used as controls in SDS PAGE. The amount of 
recombinant protein in the supernatant was determined 
at 241 µg/ml by the Bradford standard method through a 
vector carrying two genes.

In Western blotting, the binding of F and HA antisera 
to the extracted protein resulted in a band of about 60 kDa 
in the supernatant solution (Figure 8). In the supernatant 
sample of cells transfected with recombinant bacmid, it is 
completely identified with polyclonal antibody containing 
antibodies against F and HA protein. While in the sample 
of the supernatant of cells transfected with bacmids wit-
hout the gene, no band appeared.

4. Discussion
Newcastle disease and the flu annually cause great 

damage to the poultry industry worldwide; But despite 
huge research investments, the disease has not yet been 
controlled [13]. However, many vaccines against these 
viruses have been developed to date [14]. However, they 
do reappear once a year and spread so rapidly that they 
cause a widespread epidemic of these viruses [15], causing 
great damage to the poultry industry [16]. In recent years, 
the prevalence of H9N2 viruses has increased in several 
countries. The increase also includes countries where the 
virus was first detected [17].

Hemagglutinin is the most abundant surface protein 
in the viral capsid, which is the main target for immu-
nity [18]. Recently, mRNA-based vaccines have been 
developed to control infectious diseases, and studies have 
shown that these vaccines have the potential to develop 
strong humoral cells as well as cellular immune mediators 
that demonstrate their ability to fully protect against lethal 
challenges [19]. Attempts have been made to use F and 
Hemagglutinin-neuraminidase (HN) proteins in recombi-

Fig. 5. Gel electrophoresis of recombinant bacmid product. Lane 
1: DH10Bac including both genes. Lane 2: (1+) kb Ladder. Lane 3: 
Negative control without gene of interest. Lane 4: DH10Bac carrying 
HA gene. Lane 5: Negative control without HA gene. Lane 6: DH-
10Bac including F gene. Lane 7: Negative control without F gene.

Fig. 6. Microscopic image of uninfected (A) and infected (B) Sf9 
cells. In Sf9 cells infected with the recombinant virus, cell division 
stopped and the cells became larger.

Fig. 7. Evaluation of recombinant proteins by SDS-PAGE. Lane1: 
Protein Ladder, Lane2: Supernatant of cells transfected with bacmid 
without gene, Lane3: Supernatant of cells transfected with bacmid 
carrying F gene, Lane4: Supernatant of cells transfected with bacmid 
carrying HA gene, Lane5: Supernatant of cells transfected with bac-
mid carrying HA and F genes.

Fig. 8. Lane1: supernatant of cells transfected with bacmids without 
genes, lane2: supernatants of cells transfected with recombinant bac-
mids, Lane3: protein marker.
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nant subunit vaccines against Newcastle disease. Recom-
binant vaccines containing F and HN subunits have been 
produced in baculovirus vectors [20].

Attempts have been made to use F and HN proteins in 
recombinant subunit vaccines against Newcastle disease. 
Recombinant vaccines containing F and HN subunits have 
been produced in baculovirus vectors [20].

In 2006, a study converted the HPAI pathotype to the 
attenuated LPAI pathotype by inserting the outer part of 
the hemagglutinin-neuraminidase (HN) gene of Newcastle 
disease virus into the influenza virus H5 gene fragment, by 
which vaccinated chickens were protected by stimulating 
humoral immunity against both Newcastle disease and in-
fluenza via intra-embryo [21]. The "primary amplification 
strategy" has also been used in DNA-based inactivated tri-
valent (TIV) vaccines for Hemophilus influenza, resulting 
in a large number of neutralizing antibodies and a cross-
immune response [22].

Recently, mRNA-based vaccines have been developed 
to control infectious diseases, and such studies have shown 
that these vaccines have the potential to develop strong 
humoral cells and cellular immune mediators that demons-
trate their ability to fully protect against lethal challenges 
[23].

Evaluation of influenza virus strains showed that the 
HA2 region of the hemagglutinin is significantly more 
conserved than the HA1 segment [24]. A study on the 
construction of Newcastle virus vaccine in baculovirus 
vector found that high-titer neutralizing antibodies eleva-
ted IL-4, IFN-γ, and IL-2 levels, indicating that baculovi-
rus vaccine has both the advantages of recombinant viral 
vector-based vaccines and recombinant DNA vaccines. 
These vaccines effectively deliver extracellular antigens to 
avian immune cells, which increases humoral cell produc-
tion, stimulating the cellular immune response [25].

HA and F genes were selected to make a subunit vac-
cine against influenza and Newcastle disease in the pres-
ent study. The genes were first cloned into the pFastBacTM 
Dual vector. Three recombinant vectors carrying the F and 
HA genes were cloned on the bacmid (modified Baculovi-
rus genome) and the recombinant bacmid was transfected 
into the Sf9 cell. This study is the first to simultaneously 
clone two HA and F genes in the baculovirus expression 
system. This system has many vital activities of eukaryotic 
cells such as protein processing and transport. The pro-
tein produced retains its nature. The formation of disulfide 
bonds, oligomerization, glycosylation, phosphorylation 
and folding is done correctly on them and the splicing of 
the intron is done naturally and the resulting protein is both 
structurally and functionally similar to the natural protein.

There was no report on the expression of HA and F 
genes in cloned hosts. Because HA and F genes were clo-
ned under the control of polyhedrin promoter and P10 
promoter, the expression level was found to be 241 g/ml. 
In the supernatant of cells transfected with HAF bacmid, 
the presence of both recombinant HA and F proteins was 
confirmed by Southern blotting.

5. Conclusion
 In the present study, HA and F genes were cloned 

separately and together on the pFastBacTM Dual plasmid 
vector. After transfer to the bacmid and transfection into 
Sf9 cells, proper expression of genes was obtained in the 
supernatant of Sf9 cells by 3 passages. In the supernatant 

of cells transfected with HAF bacmid, the presence of both 
recombinant HA and F proteins was confirmed by Sou-
thern blotting. Mixtures of these recombinant proteins can 
be used as vaccine candidates against both avian influenza 
and Newcastle disease. 

Acknowledgments
We wish to express our thanks and appreciation to the Isla-
mic Azad University, Marvdasht Branch, and Pouya Gene 
Azma Ltd for financial and executive support.

Conflict of interests
The author has no conflicts with any step of the article 
preparation. 

Consent for publications
The author read and approved the final manuscript for 
publication.

Ethics approval and consent to participate
No humans or animals were used in the present research.

Informed consent
The authors declare not used any patients in this research. 

Availability of data and material 
The data that support the findings of this study are available 
from the corresponding author upon reasonable request

Authors' contributions
Mohaddeseh Moheb Shahedin: data collections and lab 
work, Majid Moghbeli: designing the study and writing 
the manuscript, Mohammad Kargar: data analysis, Moh-
sen Forouzanfar helped with data analysis and writing 
manuscript. 

Funding
Non.

References 

1. Bahari P, Pourbakhsh SA, Shoushtari H, Bahmaninejad MA 
(2015) Molecular characterization of H9N2 avian influenza vi-
ruses isolated from vaccinated broiler chickens in northeast Iran. 
Trop Anim Health Prod 47 (6): 1195-1201. doi: 10.1007/s11250-
015-0848-x

2. Azimi T, Hamidi-Farahani R, Asgari A, Rajabi J, Ahmadi M, 
Darvishi M, Aminianfar M, Naghoosi H, Soleiman-Meigooni S 
(2021) Molecular detection and clinical characteristics of bacte-
rial and viral main etiological agents causing respiratory tract in-
fections in Tehran, Iran. Gene Reports 24: 101267. doi:10.1016/j.
genrep.2021.101267

3. Bommakanti G, Citron MP, Hepler RW, Callahan C, Heidecker 
GJ, Najar TA, Lu X, Joyce JG, Shiver JW, Casimiro DR, ter Meu-
len J, Liang X, Varadarajan R (2010) Design of an HA2-based 
Escherichia coli expressed influenza immunogen that protects 
mice from pathogenic challenge. Proc Natl Acad Sci U S A 107 
(31): 13701-13706. doi:10.1073/pnas.1007465107

4. RA B (2006) Adamantane resistance among influenza A viruses 
isolated early during the 2005-2006 influenza season in the United 
States. JAMA 295: 934-936. doi:10.1001/jama.295.8.joc60020

5. Adel A, Arafa A, Hussein HA, El-Sanousi AA (2017) Molecu-
lar and antigenic traits on hemagglutinin gene of avian influen-
za H9N2 viruses: Evidence of a new escape mutant in Egypt 



81

HA H9N2 influenza and fusion protein Newcastle virus.                                                                                                                                           
                    

           Cell. Mol. Biol. 2024, 70(8): 76-81

adapted in quails. Res Vet Sci 112: 132-140. doi:10.1016/j.
rvsc.2017.02.003

6. Berinstein A, Vazquez-Rovere C, Asurmendi S, Gómez E, Zanetti 
F, Zabal O, Tozzini A, Conte Grand D, Taboga O, Calamante G, 
Barrios H, Hopp E, Carrillo E (2005) Mucosal and systemic im-
munization elicited by Newcastle disease virus (NDV) transgenic 
plants as antigens. Vaccine 23 (48-49): 5583-5589. doi:10.1016/j.
vaccine.2005.06.033

7. Loke CF, Omar AR, Raha AR, Yusoff K (2005) Improved pro-
tection from velogenic Newcastle disease virus challenge fol-
lowing multiple immunizations with plasmid DNA encoding for 
F and HN genes. Vet Immunol Immunopathol 106 (3-4): 259-267. 
doi:10.1016/j.vetimm.2005.03.005

8. Sakaguchi M, Nakamura H, Sonoda K, Hamada F, Hirai K (1996) 
Protection of chickens from Newcastle disease by vaccination 
with a linear plasmid DNA expressing the F protein of New-
castle disease virus. Vaccine 14 (8): 747-752. doi:10.1016/0264-
410x(95)00254-x

9. Chambers P, Millar NS, Bingham RW, Emmerson PT (1986) 
Molecular cloning of complementary DNA to Newcastle disease 
virus, and nucleotide sequence analysis of the junction between 
the genes encoding the haemagglutinin-neuraminidase and the 
large protein. J Gen Virol 67 ( Pt 3): 475-486. doi:10.1099/0022-
1317-67-3-475

10. Gaikwad SS, Lee HJ, Kim JY, Choi KS (2019) Expression and 
serological application of recombinant epitope-repeat protein 
carrying an immunodominant epitope of Newcastle disease virus 
nucleoprotein. Clin Exp Vaccine Res 8 (1): 27-34. doi:10.7774/
cevr.2019.8.1.27

11. Sambrook J, Russell DW (2006) Preparation and transformation 
of competent E. coli using calcium chloride. Cold Spring Harbor 
Protocols 2006 (1): pdb. prot3932. doi:10.1101/pdb.prot3932

12. Schägger H (2006) Tricine-SDS-PAGE. Nat Protoc 1 (1): 16-22. 
doi:10.1038/nprot.2006.4

13. Zhang M, Ge J, Wen Z, Chen W, Wang X, Liu R, Bu Z (2017) 
Characterization of a recombinant Newcastle disease virus ex-
pressing the glycoprotein of bovine ephemeral fever virus. Arch 
Virol 162 (2): 359-367. doi:10.1007/s00705-016-3078-2

14. Zhang M, Ge J, Li X, Chen W, Wang X, Wen Z, Bu Z (2016) Pro-
tective efficacy of a recombinant Newcastle disease virus expres-
sing glycoprotein of vesicular stomatitis virus in mice. Virol J 13: 
31. doi:10.1186/s12985-016-0481-y

15. Wang J, Yang J, Ge J, Hua R, Liu R, Li X, Wang X, Shao Y, Sun E, 
Wu D, Qin C, Wen Z, Bu Z (2016) Newcastle disease virus-vec-
tored West Nile fever vaccine is immunogenic in mammals and 

poultry. Virol J 13: 109. doi:10.1186/s12985-016-0568-5
16. Vandenberg O, Martiny D, Rochas O, van Belkum A, Kozlakidis 

Z (2021) Considerations for diagnostic COVID-19 tests. Nat Rev 
Microbiol. 9 (3): 171-183. doi:10.1038/s41579-020-00461-z

17. Yamayoshi S, Watanabe M, Goto H, Kawaoka Y (2016) Identi-
fication of a Novel Viral Protein Expressed from the PB2 Seg-
ment of Influenza A Virus. J Virol 90 (1): 444-456. doi:10.1128/
jvi.02175-15

18. Kuchipudi SV, Nissly RH (2018) Novel Flu Viruses in Bats and 
Cattle: "Pushing the Envelope" of Influenza Infection. Vet Sci 5 
(3). doi: 10.3390/vetsci5030071

19. Hehme N, Colegate T, Palache B, Hessel L (2008) Influenza vac-
cine supply: building long-term sustainability. Vaccine 26 Suppl 
4: D23-26. doi:10.1016/j.vaccine.2008.07.067

20. Ge J, Liu Y, Jin L, Gao D, Bai C, Ping W (2016) Construction 
of recombinant baculovirus vaccines for Newcastle disease virus 
and an assessment of their immunogenicity. J Biotechnol 231: 
201-211. doi:10.1016/j.jbiotec.2016.03.037

21. Slomka MJ, Seekings AH, Mahmood S, Thomas S, Puranik A, 
Watson S, Byrne AMP, Hicks D, Nunez A, Brown IH, Brookes 
SM (2018) Unexpected infection outcomes of China-origin H7N9 
low pathogenicity avian influenza virus in turkeys. Sci Rep 8 (1): 
7322. doi:10.1038/s41598-018-25062-y

22. Wei CJ, Boyington JC, McTamney PM, Kong WP, Pearce MB, 
Xu L, Andersen H, Rao S, Tumpey TM, Yang ZY, Nabel GJ 
(2010) Induction of broadly neutralizing H1N1 influenza antibo-
dies by vaccination. Science 329 (5995): 1060-1064. doi:10.1126/
science.1192517

23. Sun H, Xiao Y, Liu J, Wang D, Li F, Wang C, Li C, Zhu J, Song J, 
Sun H, Jiang Z, Liu L, Zhang X, Wei K, Hou D, Pu J, Sun Y, Tong 
Q, Bi Y, Chang KC, Liu S, Gao GF, Liu J (2020) Prevalent Eura-
sian avian-like H1N1 swine influenza virus with 2009 pandemic 
viral genes facilitating human infection. Proc Natl Acad Sci U S A 
117 (29): 17204-17210. doi:10.1073/pnas.1921186117

24. Hajam IA, Senevirathne A, Hewawaduge C, Kim J, Lee JH (2020) 
Intranasally administered protein coated chitosan nanoparticles 
encapsulating influenza H9N2 HA2 and M2e mRNA molecules 
elicit protective immunity against avian influenza viruses in chic-
kens. Vet Res 51 (1): 37. doi:10.1186/s13567-020-00762-4

25. Ge J, Wang X, Tian M, Gao Y, Wen Z, Yu G, Zhou W, Zu S, Bu 
Z (2015) Recombinant Newcastle disease viral vector expressing 
hemagglutinin or fusion of canine distemper virus is safe and im-
munogenic in minks. Vaccine 33 (21): 2457-2462. doi:10.1016/j.
vaccine.2015.03.091


