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SUMMARY 

 The hemagglutinin (HA) and neuraminidase (NA) genes were derived from the popular 
H5N1 virus, and the remaining six internal segments were derived from the A/Puerto 
Rico/8/34 strain (H1N1, PR8). However, some of these candidate strains have been reported 
to produce relatively low yields in vaccine manufacture and do not replicate well in chicken 
eggs, posing an obstacle to egg-based vaccine production. To address this issue, we explored 
the possibility that PR8’s hemagglutinin (HA) packaging signals mediate the improvement 
of candidate vaccine virus yield in eggs. We constructed chimeric HA genes with the coding 
region of IBT-RG02 HA flanked by the 50 packaging signals of PR8’s HA and generated 
variant vaccine viruses by reverse genetics. The growth of candidate vaccine viruses (CVVs) 
containing the chimeric HA (strains RG2, RG3, and RG4) was tested using the 
hemagglutination assay. The growth ability was found to be subsequently increased in 
embryonated chicken eggs, with a nearly 1.5- to 2-fold higher titer than that of the control 
(RG1). It is concluded that the use of chimeric HA fragments can subsequently improve the 
replication of reverse genetically derived virus strains in eggs.  

Keywords: HA chimeric, HA titer, virus replication, avian influenza virus, IBTRG-02 

INTRODUCTION 

 H5N1 from influenza A virus first 
appeared in Vietnam in 2003, with the third 
highest number of infected (127) and fatal 
cases (64) in humans in the world (Chen et 
al., 2014; Gao et al., 2014; Le, Nguyen, 
2014). From 2003 to 2019, the H5N1 
pandemic was reported to have affected 50 
million poultry from more than 3,000 

outbreaks, which caused a 0.5–1.8% annual 
loss of gross domestic product in the country 
(Cobbin et al., 2013; Fulvini et al., 2011; 
Essere et al., 2013). There is a very high risk 
of viral transmission due to small-scale, 
conventional methods of producing poultry, 
unrestricted trade between nearby nations, 
and close contact with chickens at live bird 
markets. Therefore, using influenza control 
techniques to minimize adverse effects on 
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humans and poultry is essential. 

 Clade 2.3.2.1c is a great challenge to 
HPAI A/H5N1 control in Vietnam since the 
current in-use vaccines show a rapid decline 
in protection against these viruses, and of 
course, they present a high risk to public 
health (Le, Nguyen, 2014; Gerber et al., 
2014; Harvey et al., 2010; Watanabe et al., 
2003).  

 The inactivated trivalent influenza A 
vaccine parts are reassortant viruses, which 
have the derived gene segments from the 
master donor strain (A/Puerto Rico/8/1934 
(PR8, H1N1)) as well as gene segments 
hemagglutinin (HA) and neuraminidase 
(NA) from circulating viruses (Watanabe et 
al., 2003; Dos Santos Afonso et al., 2005; 
Fujii et al., 2005; Liang et al., 2005). Even 
though these reassortants are made up of 
only the HA and NA from the circulating 
viruses, in practice, several high-yielding 
vaccine viruses made by classical 
reassortment have kept other seasonal virus 
gene segments, most notably the PB1 
segment, showing that this is good for virus 
production (Wit et al., 2006; Muramoto et 
al., 2006; Gog et al., 2007; Marsh et al., 
2007). Since the reassortant virus contains 
six gene segments from the donor virus and 
HA and NA from circulating viruses of 
different subtypes and lineages, the 
compatibility of packaging signals in CVVs 
may impede optimal egg maturation (Liang 
et al., 2008; Hutchinson et al., 2008; 2009; 
Harris et al., 2006).  

 Several studies showed that the 3' and 5' 
terminal regions, which include the non-
coding regions (NCRs) and some open 
reading frame (ORF) ends, have segment-
specific packaging signals (Noda et al., 
2006; Noda, Kawaoka, 2010; Fournier et al., 
2012a, b). In recent years, the terminal 

sequences of the PR8 donor virus's HA or 
NA have been used to increase the yield of 
PR8-based CVV in eggs and the growth of 
PR8-based A/Vietnam/1194/2004 (H5N1) 
with PR8 HA or NA packaging signals 
(Bergeron et al., 2010; Harvey et al., 2011; 
Pan et al., 2012; Wit et al., 2007). This study 
contributes a strategy regarding the role of 
PR8 HA packaging signals in the 
propagation of PR8-based CVVs. 

MATERIALS AND METHODS 

Viruses and reverse genetics vectors 

 In a previous study, a recombinant H5N1 
vaccine strain (designated as IBT-RG02 was 
successfully generated by a powerful reverse 
genetics technique that containing two 
surface proteins (haemagglutinin (HA) and 
neuraminidase (NA)) from the HPAI H5N1 
(A/duck/Vietnam/HT2/2014(H5N1)) of the 
dominant clade 2.3.2.1c in Vietnam during 
2012–2014 (Le, Nguyen, 2014; Hoang et al., 
2020). This reverse genetics-based virus was 
utilized for use in this study. 

 For reverse genetics techniques, the 
pHW2000 vector containing the dual 
promoter/terminator system was generously 
provided by the Department of Infectious 
Diseases, St. Jude Children’s Research 
Hospital (Memphis, TN, USA). 

Cloning and construction of chimeric NA 
genes  

 The 3' forward primer 5'-
CCTTGTTCTACTAGC-3' (Wit et al., 2006) 
with a segment-specific reverse primer was 
used in an RT-PCR test to deduce the 5' 
terminal sequence. Similarly, the 3' terminal 
sequence was determined by sequencing 
PCR products generated from an RT-PCR 
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reaction using a segment-specific forward 
primer and the 5' reverse primer, 5'-
CCTGCTTTTGCTAGT-3' (Hoffmann et 
al., 2000). The chimeric HA genes were 
created by exchanging the HA and PR8 HA 
genes' terminal sequences by mega-primer 
mutagenesis (Barman et al., 2017). 

Generation of variant vaccine viruses by 
reverse genetics  

 The process of generating the 
reassortment of 6+2 vaccine viruses 
involved the co-transfection of 293T cells 
with eight cDNA plasmids. These included 
two plasmids that encoded either the wild-
type (WT) or chimeric HA and NA of the 
IBTRG-02, and six contained gene segments 
of PR8. The cell culture supernatant from 
transfected 293T cells was then inoculated 
into 10 to 11-day embryonated chicken eggs, 
where the viruses multiplied at 37°C for 48 
hours before being tittered by the 
hemagglutination assay, according to Killian 
(2008). 

RESULTS AND DISCUSSION 

Construction of the chimeric HA gene  

 The HA gene segments from the IBT-
RG02 virus were successfully inserted into 
the virus rescue plasmid pHW2000. Prior to 
the advent of cloning, terminal sequences 
were also ascertained. To investigate how the 
PR8 HA packing signals impected on the 
IBT-RG02 CVV development, the chimeric 
HA gene segments were generated using the 
methodology outlined by Pan et al. (2012). 
The chimeric IBT-RG02 HA was 
constructed by incorporating packaging 
signals from PR8 HA. Specifically, based on 
the packaging signals reported for HA (Fujii 
et al., 2003), IBT-RG02 HA ORF flanked by 
a 41-nt packaging signal from PR8 HA (32-
nt NCR plus 9 nt from ORF, Figure 1) at the 

5’ end and a 126-nt packaging signal from 
PR8 HA (81 nt at the 3’ end ORF plus 45-nt 
NCR, Figure 1) at the 3’ end was constructed 
(P-HA-P, Fig. 1). This resulted in a P-HA-P 
configuration, as depicted in Figure 1. These 
packaging signals were identified based on 
the packaging signals reported for HA in a 
previous study (Fujii et al., 2003). The 
chimeric constructions utilized the whole 
open reading frames (ORFs) of the HA gene 
from the IBT-RG02 virus. To prevent amino 
acid alterations and translation initiation 
from PR8’s ORF, the ATG codon of PR8 HA 
sequences in chimeric constructions was 
altered to GCG (Figure 1). 

 The non-coding region of hemagglutinin 
in IBTRG02 in this study was functionally 
similar to the hemagglutinin packaging 
signals, that were described in Barman et al. 
(2017), which improved the growth of the 
A/Anhui/1/2013 (H7N9) influenza vaccine 
virus. 

Evaluation of the growth of IBTRG02 
CVVs in eggs 

 To evaluate the impact of PR8 HA 
packaging signals on IBT-RG02 CVVs, a set 
of CVVs based on PR8 was created in 293T 
cells. These CVVs contained either wild-
type or chimeric IBTRG02 HA and NA WT, 
along with the six remaining genes from 
PR8. The rescued viruses were subjected to 
a single passage (E1) in eggs, and their titer 
was determined using the hemagglutination 
test. The growth level of different variants of 
vaccine viruses that was evaluated by the 
virus titration by the hemagglutination test is 
presented in Table 1. All the RG1, RG2, 
RG3, and RG4 viruses had the same wild-
type neuraminidase (NA(WT)) but different 
HA gene insertions. Table 1 showed that the 
RG1, which possessed the HA (WT), has a 
virus titer of 5.02 (log2), and this value is 
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considered the control. As a result, the RG2 
with the HA-PR8 had a virus titer of 9.62 
(log2), which is 191% higher than that of the 
RG1, and the RG3 with the PR8-HA had a 
virus titer of 7.16 (log2), which is 142% 
higher. The RG4 with the PR8-HA-PR8 had 
a virus titer of 9.91 (log2), which is the 
highest value and is 197% higher than the 
RG1 control. 

 All of these findings indicated that the 
PR8 HA 5' and 3' packaging signals, which 
were surrounded the HA ORF of the 

IBTRG02 viruses, had a substantial impact 
on the growth of CVVs (i.e., RG2, RG3, and 
RG4) when compared to the growth of the 
wild-type CVV RG1. Specifically, the titers 
increased value to 2-fold that of the RG1 
resulted from the RG4, which indicated the 
utilization of the PR8 HA 5' and 3' packaging 
signals with the HA gene in the reassortant 
vaccine viruses.  

 The findings align with the results 
reported for the A/Anhui/1/2013 (H7N9) 
influenza vaccine virus (Barman et al., 2017).  

 
Figure 1. Schematic diagram of IBTRG02 chimeric HA. The IBT-RG02’s HA open reading frame 
(ORF) was flanked by PR8’s HA. In chimeric constructs, the ATG translation initiation codon of PR8’s 
HA sequences was mutated to GCG. IBT-RG02 HA ORF is flanked by a 41-nt packaging signal from 
PR8 HA (32-nt NCR plus 9 nt from ORF) at the 5’ end and a 126-nt packaging signal from PR8 HA 
(81 nt at the 3’ end ORF plus 45-nt NCR) at the 3’ end. 

 
Figure 2.  Packaging signal sequences of PR8’s and IBTRG02. The numbers shown above the 
sequences are nucleotide numbers counted from their respective ends. NCR, non-coding region. IBT-
RG02 HA ORF is flanked by a 41-nt packaging signal from PR8 HA at the 5’ end and a 126-nt 
packaging signal from PR8 HA at the 3’ end. 
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Table 1. Growth of IBTRG02 candidate vaccine viruses containing chimeric HA and NA-wildtype. 

Candidate vaccine 
viruses  
(designated: RG) 

NA HA VIRUS TITER RELATIVE  
TO RG1 (%) 

RG1 NA (WT) HA (WT) 5.02 (log2) 100 
RG2 NA (WT) HA-PR8 9.62 (log2) 191 
RG3 NA (WT) PR8-HA 7.16 (log2) 142 
RG4 NA (WT) PR8-HA-PR8 9.91 (log2) 197 

CONCLUSION 

 The ability of replication in eggs of the 
HA-modified IBT-RG02 virus vaccine strain 
was significantly improved compared to the 
unmodified strain, reaching 9.91 log2 HA 
titer. The change in hemagglutinin 
packaging signals of the A/H5N1 virus 
vaccine strain, which led to the HA titer 
increasing in eggs, showed the influential 
function of the HA fragment in virus growth 
in eggs. Modifying the functional gene by 
changing the packaging signals as a method 
of improving the HA titer by using the 
chimeric HA gene in this study can be 
applied to enhancing replication for other 
virus vaccine strains. 

Acknowledgments: This work was funded 
by the Vietnam Academy of Science and 
Technology project (code: VAST02.01/21-
22). 

REFERENCES 

Barman S, Krylov PS, Turner JC, Franks J, 
Webster RG, Husain M, Webby RJ (2017) 
Manipulation of neuraminidase packaging 
signals and hemagglutinin residues improves the 
growth of A/Anhui/1/2013 (H7N9) influenza 
vaccine virus yield in eggs. Vaccine 35(10): 
1424–1430. 

Bergeron C, Valette M, Lina B, Ottmann M 

(2010) Genetic content of Influenza H3N2 
vaccine seeds. PLoS Curr 2: RRN1165. 

Chen Z, Baz M, Lu J, Paskel M, Santos C, 
Subbarao K, Jin H, Matsuoka Y (2014) 
Development of a high-yield live attenuated 
H7N9 influenza virus vaccine that provides 
protection against homologous and heterologous 
H7 wild-type viruses in ferrets. J Virol 88: 7016–
7023.  

Cobbin JC, Verity EE, Gilbertson BP, Rockman 
SP, Brown LE (2013). The source of the PB1 
gene in influenza vaccine reassortants selectively 
alters the hemagglutinin content of the resulting 
seed virus. J Virol 87: 5577–5585.  

Dos Santos Afonso E, Escriou N, Leclercq I, van 
der Werf S, Naffakh N (2005) The generation of 
recombinant influenza A viruses expressing a 
PB2 fusion protein requires the conservation of a 
packaging signal overlapping the coding and 
noncoding regions at the 5’ end of the PB2 
segment. Virology 341: 34–46.  

Essere B, Yver M, Gavazzi C, Terrier O, Isel C, 
Fournier E, Giroux F, Textoris J, Julien T, 
Socratous C, Rosa-Calatrava M, Lina B, Marquet 
R, Moules V (2013) Critical role of segment-
specific packaging signals in genetic 
reassortment of influenza A viruses. Proc Natl 
Acad Sci USA 110: E3840–E3848.  

Fournier E, Moules V, Essere B, Paillart JC, 
Sirbat JD, Cavalier A, Rolland JP, Thomas D, 
Lina D, Isel C, Marquet R (2012a) Interaction 
network linking the human H3N2 influenza A 
virus genomic RNA segments. Vaccine 
30:7359–7367.  



Chi Hung Nguyen & Nam Trung Nguyen 

  642 

Fournier E, Moules V, Essere B, Paillart JC, 
Sirbat JD, Isel C, Cavalier A, Rolland JP, 
Thomas D, Lina B, Marquet R (2012b) A 
supramolecular assembly formed by influenza A 
virus genomic RNA segments. Nucleic Acids Res 
40: 2197–2209.  

Fujii K, Fujii Y, Noda T, Muramoto Y, 
Watanabe T, Takada A, Goto H, Horimoto T, 
Kawaoka Y (2005) Importance of both the 
coding and the segment-specific noncoding 
regions of the influenza A virus NS segment for 
its efficient incorporation into virions. J Virol 79: 
3766–3774.  

Fujii Y, Goto H, Watanabe T, Yoshida T, 
Kawaoka Y (2003) Selective incorporation of 
influenza virus RNA segments into virions. Proc 
Natl Acad Sci USA 100(4): 2002–2007. 

Fulvini AA, Ramanunninair M, Le J, Pokorny 
BA, Arroyo JM, Silverman J, Devis R, Bucher D 
(2011) Gene constellation of influenza A virus 
reassortants with high growth phenotype 
prepared as seed candidates for vaccine 
production. PLoS ONE 6: e20823.  

Gao R, Cao B, Hu Y, Feng Z, Wang D, Hu W, 
Chen J, Jie Z, Qiu H, Xu K, Xu X, Lu H, Zhu W, 
Gao Z, Xiang N, Shen Y, He Z, Gu Y, Zhang Z, 
Yang Y, Zhao X, Zhou L, Li X, Zou S, Zhang Y, 
Li X, Yang L, Guo J, Dong J, Li Q, Dong L, Zhu 
Y, Bai T, Wang S, Hao P, Yang W, Zhang Y, 
Han J, Yu H, Li D, Gao GF, Wu G, Wang Y, 
Yuan Z, Shu Y (2013) Human infection with a 
novel avian-origin influenza A (H7N9) virus. N 
Engl J Med 68: 1888–1897.  

Gerber M, Isel C, Moules V, Marquet R (2014) 
Selective packaging of the influenza A genome 
and consequences for genetic reassortment. 
Trends Microbiol 22: 446–455.  

Gog JR, Afonso Edos S, Dalton RM, Leclercq I, 
Tiley L, Elton D, Kirchbach JC, Naffakh N, 
Escriou N, Digard P (2007) Codon conservation 
in the influenza A virus genome defines RNA 
packaging signals. Nucleic Acids Res 35:1897–
1907.  

Harris A, Cardone G, Winkler DC, Heymann JB, 

Brecher M, White JM, Steven A (2006) 
Influenza virus pleiomorphy characterized by 
cryoelectron tomography. Proc Natl Acad Sci 
USA 103: 19123–19127.  

Harvey R, Guilfoyle KA, Roseby S, Robertson 
JS, Engelhardt OG (2011) Improved antigen 
yield in pandemic H1N1 (2009) candidate 
vaccine viruses with chimeric hemagglutinin 
molecules. J Virol 85: 6086–6090.  

Harvey R, Nicolson C, Johnson RE, Guilfoyle 
KA, Major DL, Robertson JS, Engelhardt O 
(2010) Improved hemagglutinin antigen content 
in H5N1 candidate vaccine viruses with chimeric 
hemagglutinin molecules. Vaccine 28: 8008–
8014.  

Hoang HTT, Nguyen CH, Nguyen NTT, Pham 
AD, Nguyen HTT, Le TH, Tran HX, Chu HH, 
Nguyen NT (2020) Immunization with the H5N1 
Recombinant Vaccine Candidate Induces High 
Protection in Chickens against Vietnamese 
Highly Pathogenic Avian Influenza Virus 
Strains. Vaccines (Basel) 8(2): 159.  

Hoffmann E, Neumann G, Kawaoka Y, Hobom 
G, Webster RG (2000) A DNA transfection 
system for generation of influenza A virus from 
eight plasmids. Proc Natl Acad Sci USA 97: 
6108–6113.  

Hutchinson EC, Curran MD, Read EK, Gog JR, 
Digard P (2008) Mutational analysis of cis-
acting RNA signals in segment 7 of influenza A 
virus. J Virol 82: 11869–11879. 

Hutchinson EC, Wise HM, Kudryavtseva K, 
Curran MD, Digard P (2009) Characterisation of 
influenza A viruses with mutations in segment 5 
packaging signals. Vaccine 27: 6270–6275.  

Killian ML (2008) Hemagglutination assay for 
the avian influenza virus. Methods Mol Biol 436: 
47–52. 

Le TH, Nguyen NT (2014) Evolutionary 
dynamics of highly pathogenic avian influenza 
A/H5N1 HA clades and vaccine implementation 
in Vietnam. Clin Exp Vaccine Res 3: 117–127. 

Liang Y, Hong Y, Parslow TG (2005) Cis-Acting 



Vietnam Journal of Biotechnology 21(4): 637-643, 2023 

  643 

packaging signals in the influenza virus PB1, 
PB2, and PA genomic RNA segments. J Virol 
79: 10348–10355.  

Liang Y, Huang T, Ly H, Parslow TG, Liang Y 
(2008) Mutational analyses of packaging signals 
in influenza virus PA, PB1, and PB2 genomic 
RNA segments. J Virol 82: 229–236.  

Marsh GA, Hatami R, Palese P (2007) Specific 
residues of the influenza A virus hemagglutinin 
viral RNA are important for efficient packaging 
into budding virions. J Virol 81: 9727–9736.  

Muramoto Y, Takada A, Fujii K, Noda T, 
Iwatsuki-Horimoto K, Watanabe S, Horimoto T, 
Kida H, Kawaoka Y (2006) Hierarchy among 
viral RNA (vRNA) segments in their role in 
vRNA incorporation into influenza A virions. J 
Virol 80: 2318–2325.  

Noda T, Kawaoka Y (2010) Structure of 
influenza virus ribonucleoprotein complexes and 
their packaging into virions. Rev Med Virol 20: 
380–391.  

Noda T, Sagara H, Yen A, Takada A, Kida H, 
Cheng RH, Kawaoka Y (2006) Architecture of 

ribonucleoprotein complexes in influenza A 
virus particles. Nature 439: 490–492.  

Pan W, Dong Z, Meng W, Zhang W, Li T, Li C, 
Zhang B, Chen L (2012) Improvement of influenza 
vaccine strain A/Vietnam/1194/2004 (H5N1) 
growth with the neuraminidase packaging sequence 
from A/Puerto Rico/8/34. Hum Vaccin Immunother 
8: 252–259.  

Watanabe T, Watanabe S, Noda T, Fujii Y, 
Kawaoka Y (2003) Exploitation of nucleic acid 
packaging signals to generate a novel influenza 
virus-based vector stably expressing two foreign 
genes. J Virol 77:  10575–10583.  

Wit E, Bestebroer TM, Spronken MI, 
Rimmelzwaan GF, Osterhaus AD, Fouchier RA 
(2007) Rapid sequencing of the non-coding 
regions of influenza A virus. J Virol Methods 
139: 85–89.  

Wit E, Spronken MI, Rimmelzwaan GF, 
Osterhaus AD, Fouchier RA (2006) Evidence for 
specific packaging of the influenza A virus 
genome from conditionally defective virus 
particles lacking a polymerase gene. Vaccine 24: 
6647–6650.  


