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Abstract

Influenza vaccine strains have been traditionally devel-
oped by annual reassortment between vaccine donor 
strain and the epidemic virulent strains. The classical 
method requires screening and genotyping of the vac-
cine strain among various reassortant viruses, which 
are usually laborious and time-consuming. Here we de-
veloped an efficient reverse genetic system to gen-
erate the 6:2 reassortant vaccine virus from cDNAs de-
rived from the influenza RNAs. Thus, cDNAs of the two 
RNAs coding for surface antigens, haemagglutinin  
and neuraminidase from the epidemic virus and the 6 
internal genes from the donor strain were transfected 
into cells and the infectious viruses of 6:2 defined RNA 
ratio were rescued. X-31 virus (a high- growth virus in 
embryonated eggs) and its cold-adapted strain X-31 ca 
were judiciously chosen as donor strains for the gen-
eration of inactivated vaccine and live-attenuated vac-
cine, respectively. The growth properties of these re-
combinant viruses in embryonated chicken eggs and 
MDCK cell were indistinguishable as compared to 
those generated by classical reassortment process. 
Based on the reverse genetic system, we generated 6
+ 2 reassortant avian influenza vaccine strains corre-

sponding to the A/Chicken/Korea/ MS96 (H9N2) and 
A/Indonesia/5/2005 (H5N1). The results would serve as 
technical platform for the generation of both injectable 
inactivated vaccine and the nasal spray live attenuated 

vaccine for the prevention of influenza epidemics and 
pandemics.
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Introduction

Influenza viruses are members of orthomyxoviri-
dae family and composed of 8 segmented nega-
tive-sense, single-stranded RNAs. Type A and B 
influenza viruses are the most important as human 
pathogens responsible for annual outbreaks of 
acute respiratory disease. A total of 16 haemagglu-
tinin subtype and 9 neuraminidase subtype were 
identified in influenza A type (Webby and Webster, 
2001; Nicholson et al., 2003). Due to segmented 
nature of RNA genes, the virus can exchange their 
RNA segments genes with other subtypes of 
influenza viruses causing major changes of 
antigenicity. In addition, the replication of the RNA 
genes is error-prone, allowing frequent nucleotide 
substitutions at genetic level (Webby and Webster, 
2001). Frequent antigenic drift and shift provides 
the diversity of influenza viruses that causes the 
emergence and re-emergence of epidemic and 
pandemic viruses. Beside well-known human threats 
posed by H5N1 avian influenza, the potential for 
newly emerging influenza virus has been elevated 
with recent outbreak of Swine influenza viruses 
into the human (Novel Swine-Origin Influenza A 
Virus Investigation Team, 2009). The development 
of novel antiviral therapy and efficient vaccine is 
urgently needed. 
    Two different types of influenza vaccine are cur-
rently licensed and used for the prevention of sea-
sonal influenza infection. Inactive influenza vacci-
nes that are delivered by an intramuscular injection 
have been popularly used world-wide for the pre-
vention of annual influenza epidemics. Alternati-
vely, live vaccines are given by an intranasal route 
and are known to stimulates broader immunolo-
gical response than the inactive vaccines providing 
cross-protective immune responses (Wareing and 
Tannock, 2001; Cox et al., 2004).
    An immediate task to make inactive or live influ-
enza vaccine is to generate reassortant vaccine 
strain that matches the current infection. The 
classical method for the generation of reassortant 
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Figure 1. Growth profiles of the X-31 and rgX-31 (A) and X-31ca and rgX-31ca (B) in embryonated chicken eggs. Viruses were grown in embryonated 
chicken eggs. Eggs were infected with 0.1 PFU/ml of the X-31, rgX-31, X-31ca and rgX-31ca viruses, respectively, and incubated at 25, 30, 33 and 
37°C for 3 days. Virus titers were determined by plaque assay on MDCK cells.

vaccine virus is co-infections of circulating strains 
with high-yielding seed strain in embryonated eggs 
and selecting a reassortant of particular 6:2 ratio 
that inherits the haemagglutinin and neurami-
nidase gene from the circulating strain and the 
other six internal genes from the high-yielding seed 
strain. This method relies on antibody selections, 
plaque isolation of many reassortant viruses 
followed by genotyping of individual plaque isolates 
for the identification of reassortant virus of desired 
RNA constellation (Bardiya and Bae, 2005). The 
method is very laborious and time-consuming and 
may not meet the tight schedule for the production 
of vaccine in a timely fashion. In contrasts, the 
reverse genetic approach allows direct generation 
of the 6:2 recombinant vaccine strains in a 
pre-determined RNA constellation in few weeks. 
This process is highly recommended for an 
efficient generation of vaccine strains in manufac-
turing both the inactive and live influenza vaccines. 
A/PR/8/34 has been approved by WHO as 
high-growth reassortant vaccine strain for the 
inactivation vaccines (Kilbourne and Murphy, 1960) 
and the reverse genetic system has been 
developed for A/PR/8/34 system (Hoffmann et al., 
2002). Here we extended and adopted the cDNA 
based reverse genetic system to generate both 
injectable and nasal spray type live attenuated 
influenza vaccine (LAIV). For this purpose, we 
chose the X-31 virus, a reassortant of A/PR/8/34 
and A/HK/6/68, as vaccine donor strain. The X-31 
virus has been used for many years in influenza 
vaccine production because of its growth property 
in embryonated chicken eggs. Previously, a 
cold-adapted virus was generated from multiple 
passage of the X-31 at low temperature to yield 
X-31ca virus as donor strain for LAIV (Lee et al., 

2006). The X-31ca strain showed the cold- adapted 
(ca), temperature-sensitive (ts) and attenuated (att) 
phenotypes as ideal attributes of live attenuated 
vaccine. Moreover, the vaccine strain strongly 
elicits both innate and adaptive immune response 
providing extremely early cross-protection from 
various influenza subtypes (Seo et al., 2007). 
Here, we established reverse genetic systems for 
both the X-31 and X-31ca virus. The utility of the 
system was verified by generating epidemic and 
pandemic influenza vaccine viruses on a routine 
basis. The method would serve as technical 
platform for the generation of both inactivated and 
live attenuated vaccine for the prevention of 
influenza epidemics and pandemics.

Results

The eight plasmids set of X-31 and X-31ca were 
transfected into 293T cells, and after 3 days of 
incubation, the supernatants were collected for pla-
que assay on MDCK cells. Each virus was plaque- 
purified to ensure the genetic homogeneity. The re-
combinant viruses of X-31 and X-31ca were na-
med as rgX-31 and rgX-31ca, respectively. We 
then inoculated eight embryonated chicken eggs 
with 100 pfu/100ul of X-31, X-31ca, rgX-31 and 
rgX-31ca viruses, respectively. Following incuba-
tion for three days at different temperatures, 25, 
30, 33 and 37oC, the allantonic fluids were har-
vested, and the virus titer was estimated by plaque 
assay on MDCK cells. As shown in Figures 1A and 
1B, the growth of X-31 and X-31ca virus in eggs 
was compared with that of rgX-31 and rgX-31ca. At 
all different temperatures tested, 25, 30, 33 and 
37oC, respectively, the growth pattern was indis-
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Figure 2. Growth profiles of the X-31, rX-31, X-31ca and rX-31ca viruses in MDCK cells. MDCK cells were infected with 0.01 m.o.i. of the X-31, rgX-31, 
X-31ca and rgX-31ca viruses and incubated at 25oC (A), 33oC (B), 37oC (C) and 39oC (D) for 3 days. Supernatants were taken every 24 h for determi-
nation of viral titers by plaque assay.

tinguishable suggesting that rgX-31 and rgX-31ca 
were biologically identical to X-31 and X-31ca 
virus, respectively. Both X-31 and rgX-31 grow 
more efficiently at 33oC and 37oC than lower 
temperature of 30oC and 25oC. In contract, both 
X-31ca and rgX-31ca grow better at low 
temperature (25oC, 30oC) than higher temperatures, 
and 30oC was found to be the best temperature for 
the growth of the X-31ca and rgX-31ca. The results 
confirm the ca and ts phenotype of the 
cold-adapted virus (Lee et al., 2006). We then 
performed the growth of each virus on MDCK cells. 
The MDCK cells were infected with 0.01 m.o.i. of 
X-31, X-31ca, rgX-31 and rgX-31ca viruses, 
respectively, and the growth was compared at 
various temperatures (Figure 2). The X-31ca and 
rgX-31ca viruses replicate efficiently at 25oC 
(Figure 2A), but are restricted at 37oC (Figure 2C) 
and no growth was observed at 39oC (Figure 2D). 

Basically, growth restriction was observed for 
X-31ca and rgX-31ca in a temperature-dependent 
fashion. In contrasts, both X-31 and rgX-31 viruses 
replicate efficiently at 33oC and 37oC (Figures 2B 
and 2C) and 37oC was found to be the optimal 
temperature for both X-31 and rgX-31 viruses 
(Figure 2C). Overall, the plasmid-derived transfec-
tant viruses (rgX-31, rgX-31ca) and their biological 
counterparts (X-31, X-31ca, respectively) exhibited 
comparable growth kinetics.
    Recent human infection by H5N1 and H9N2 
subtypes (Peiris et al., 1999; Webby and Webster 
2001; Lee and Saif, 2009) calls for the develop-
ment of human vaccine strains against avian viru-
ses. In part of testing the utility of the present re-
verse genetic system and its practical application 
for vaccine production, we generated rgX-31ca- 
ΔH5N1 and rgX-31ca-H9N2 reassortant viruses 
that have 6 internal genes of X-31ca and the two 
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Figure 3. Genotyping of transfectant viruses by multiplex RT-PCR. PCR 
products of X-31ca reassortants, rgXca-H9N2 (between X-31ca and A/ 
Chicken/Kores/MS96/96) and rgXca-H5N1 (between X-31ca and A/ In-
donesia/2005) were fractionated by 1% agarose gel and stained with 
ethidium bromide. Lane 1 and 4: specific for X-31caPB2 (1,002 bp): NP 
(853 bp): PB1 (447 bp); Lane2 and 5: specific for X-31ca-PA (730 bp): 
NS (521 bp): M (326 bp); Lane3: specific for haemagglutinin (981 bp) 
and neuraminidase (552 bp) of H9N2; Lane6: specific for haemagglutinin 
(510 bp) and neuraminidase (1,286 bp) of H5N1.

haemagglutinin and neuraminidase surface 
antigens derived from A/ Chicken/Korea/MS96/96 
and A/Indonesia/5/2005. Highly pathogenic H5N1 
viruses carry multi-basic amino acids at the 
cleavage site of haemagglutinin gene (Cinatl et al., 
2007), and the deletion of the amino acids usually 
leads to attenuation of virulence (Suguitan et al., 
2006). For this purpose, we removed the 
multi-basic amino acids of haemagglutinin gene at 
the cleavage site of A/Indonesia/5/ 2005 
(PQRESRRKKRG→PQREKRG). The correspon-
ding PHW2000-haemagglutinin and PHW2000-neu-
raminidase genes of avian origin were mixed with 
the 6 internal plasmids of the X-31ca virus and 
tranfected into 293T cells. As shown at Figure 3, 
the genotyping of the plaque purified viruses by the 
multiplex RT-PCR method (Ha et al., 2006) 
showed that the genetic composition of the trans-
fectants, rgX-31ca-ΔH5N1 and rgX-31ca-H9N2, 
contains six internal segments derived from X-31ca 
virus and the two segments encoding surface 
antigens, haemagglutinin and neuraminidase, 
derived from the wild type avian viruses. 

Discussion

Here we developed an efficient reverse genetic 
system by which the 6:2 reassortant influenza vac-
cine strains could be generated from cDNAs 
derived from the influenza RNAs. For this purpose, 
6 internal genes were derived from the high- 
yielding X-31 virus strain and the two genes for 

haemagglutinin and neuraminidase were derived 
from human infecting virulent influenza viruses. 
Two different versions of X-31 virus, one for wild 
type and the other for cold-adapted virus, designed 
for inactivated vaccine by injection and for LAIV as 
nasal spray, respectively. 
    Especially for vaccine production, serious con-
sideration should be given to the fact that not all 
influenza viruses grow well in fertilized eggs. Poor 
growth and relatively low yield of wild type virulent 
viruses in the embryonated eggs would hamper 
the production of seasonal influenza vaccine in a 
timely manner. To circumvent the problems, vac-
cine viruses have been traditionally generated by 
annual reassortment with high-growth mater strain. 
This process requires the generation of reassortant 
viruses of essentially random genetic composition 
followed by screening and selection of virus of de-
sired RNA composition, which is labor intensive 
and time-consuming. Recently, various groups ha-
ve developed reverse genetic systems by which 
recombinant viruses could be rescued from trans-
fection of cDNAs derived from influenza RNA seg-
ments. Neumann et al. (1999) and Palese et al. 
(1997) developed 12 plasmid systems where 8 
plasmids were designed to express influenza virion 
RNAs (vRNAs) and the four plasmids expressing 
the polymerase proteins (PB1, PB2, PA and NP) 
required for the formation of influenza RNP 
complexes that support replication and tran-
scription of vRNAs. Subsequently, Hoffman et al. 
(2000) developed 8 bi-directional plasmids that 
was designed to express negative-stranded influ-
enza vRNAs in one direction and positive-stranded 
mRNAs from opposite direction. The system was 
found useful for the generation of the 6:2 
reassortant viruses for the vaccine purpose. For 
instance, Suguitan et al. groups (Suguitan et al., 
2006) inserted modified haemagglutinin and 
neuraminidase genes from wild type H5N1 into ca 
A/Ann Arbor/6/60 virus by reverse genetics as a 
means to generation of reassortant vaccine strains 
(Bardiya and Bae, 2005).
    In our work here, we adopted and further 
extended the eight bi-directional plasmids system 
for the generation of influenza vaccine strain based 
on the X-31 virus that affords high yield in embryo-
nated eggs. Based on the present reverse genetic 
system, we generated two independent 6:2 reassor-
tant viruses, rgX-31ca-H9N2 and rgX-31ca-ΔH5N1, 
and the growth properties of the viruses were ex-
amined. Both reassortant viruses grew well in the 
embryonic chicken eggs and they also exhibited 
the ca (cold-adapted) growth property at 30oC low 
temperature (unpublished data). Therefore, regar-
dless of the origin of haemagglutinin and neura-
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minidase genes, the reassortant viruses still main-
tained the high growth property in eggs and ca 
growth property in MDCK cells. The X-31 virus was 
previously described as one of the high-yielding 
reassortant viruses containing the six internal 
genes of A/PR/8/34 and the two RNAs 
(haemagglutinin and neuraminidase) of A/Aichi/2/68 
(Kilbourne, 1969). Since this virus has been 
passaged many times in embryonated eggs, the 
virus has accumulated multiple nucleotide changes 
as compared to the parental A/PR/8/34 strain (Lee 
et al., 2001). These accumulated mutations in 
internal genes of X-31 are due to the repeated 
passage in eggs, has an effect to enhance the 
growth property in embryonated chicken eggs (Lee 
et al., 2001), and further contributed to partial 
attenuation (data not shown). Therefore, the X-31 
backbone based reverse genetic system is 
expected to provide a safer process for vaccine 
production. Furthermore, further attenuation by 
cold-adaptation of the X-31 virus would be suitable 
for using the X-31ca reverse genetics for the 
generation of live attenuated vaccine that could be 
produced in high yield. Since attenuation 
phenotype is usually associated with the loss of 
viruses' growth, it is sometimes difficult to yield 
vaccine strains maintaining desirable level atte-
nuation as well as high growth property. And yet, 
the X-31 virus maintained good growth as well as 
desired level of attenuation. In brief, X-31 and 
X-31ca reverse genetic system would serve as 
technical platforms for the generation of both 
injectable inactivated vaccine and the nasal spray 
live attenuated vaccine for the prevention of 
influenza epidemics and pandemics. Besides its 
application for a seasonal influenza vaccine, the 
platform could be further extended to vaccines 
against H1N1 pandemic virus as well as H5N1 and 
H9N2 avian influenza viruses. 

Methods

Cells and viruses

Madin-Darby Canine kidney (MDCK) cells and 293T cells 
were obtained from American Type Culture Collection 
(ATCC) and cultured in MEM (GIBCO) supplemented with 
10% FBS (GIBCO). The X-31 virus was from the University 
of Oxford, UK. The X-31ca virus was generated after 92 
passages at lower temperature in embryonated chicken 
eggs (Lee et al., 2006).

Plasmids for reverse genetics

Viral RNAs from X-31 and X-31ca virus were reverse 
transcribed and amplified by PCR and the eight cDNAs of 
viral gene segments of X-31 and X-31ca were inserted 

between Pol I and Pol II promoter of PHW2000 vector, 
which was provided by Dr. Webster (Hoffmann et al., 
2002). The nucleotide sequence of all plasmids was 
verified by multiple sequencing of the gene from opposite 
directions. The cDNAs of the haemagglutinin and 
neuraminidase gene of A/ Indonesia/5/2005 were made by 
total chemical synthesis (GenScript Corporation). The 
multi-basic amino acids at the cleavage site of 
haemagglutinin1 and haemagglutinin2 were deleted for 
minimizing potential virulence of the vaccine virus. The 
viral RNAs were prepared from A/Chicken/Korea/MS96/96 
(H9N2) using the RNA preparation kits (Qiagen) and the 
haemagglutinin and neuraminidase genes were amplified 
with specific primers and cloned into PHW2000 vectors. In 
the same fashion, the cDNAs of the neuraminidase and 
neuraminidase gene of A/Indonesia/5/2005 were cloned 
into PHW2000 vetor using BsmBI enzyme site.

Transfection of 293T cells

Transfection of 293T cells was carried out as previously 
described (Hoffmann et al., 2002). 293T cells were plated 
and grown on 6-well plates. The eight plasmids of mixed 
and transfected into 293T cell with lipofectamin reagents 
(Invitrogen). After 3 days of incubation, the supernatant 
were collected and the generation of viruses was con-
firmed by plaque assay on MDCK cells. Generation of 
reassortant viruses were also performed with 6 internal 
genes of X-31ca and 2 surface antigens of A/Chicken/ 
Korea/MS96/96 and A/Indonesia/5/2005.

Genotyping of transfectant viruses by multiplex PCR

Genotyping of influenza vaccine viruses by multiplex RT- 
PCR was performed as previously described (Ha et al., 
2006). Briefly, 0.5 μl of cDNA of reassortant viruses was 
added to the PCR reaction mixture containing 10 mM 
Tris-HCl (pH8.3), 50 mM KCl, 1.5 mM MgCl2, 1.5 μl of 10 
mM each dNTP, 1 μl of 10 μM each primer set, and 1 unit 
i-Taq polymerase (iNtRON Biotechnology). The mixture 
was initially denaturized at 95oC for 5 min and then 
followed by 25 cycles of 95oC for 30 s, 55oC for 45 s, and 
72oC for 1 min. The final incubation was at 72oC for 7 min.
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