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Introduction

Viruses have been widely used as vectors to express a variety of genes in vitro and in 

vivo [1-3]. A lot of effort is being put into the development of viruses as agents to im-

munize against other infectious agents, including other viruses. Such an approach has 

a number of advantages. There is a large body of experience in the use of attenuated 

or avirulent viruses as vaccines. Many of these, such as vaccinia virus or adenovirus 

has been used to immunize many millions of people, can be potentially developed as 

vectors to express other antigens, such as those in hepatitis C virus, malaria or human 

immunodeficiency virus [4-7]. Use of a live virus as a vector to express antigens of other 

pathogens has many of the advantages of live virus vaccines. This includes the fact that 

only low initial dose are required, and therefore the expense of vaccine production may 

be less; that subsequent virus replication leads to the expression of large amounts of 

the antigen over an extended period of time, and the antigen folds in a more or less na-

tive conformation; and that a full range of immunity, including production of cytotoxic 
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Purpose: Neuraminidase (NA) of influenza virus contains stalk region that shows a great deal 
of variability in both amino acid sequence and length. In this paper, we investigated genera-
tion of recombinant influenza viruses that had hepatitis B virus (HBV) B cell epitopes in the NA 
stalk region as a dual vaccine candidate.
Materials and Methods: We used the WSH-HK reassortant helper virus for rescue of recom-
binant influenza virus containing HBV epitopes and reverse genetic protocol based on the use 
of micrococcal nuclease-treated virus cores for reconstitution of ribonucleoproteins. 
Results: We successfully generated a chimeric influenza viruses which contained 22 amino 
acid peptides in the stalk region derived from the surface and pre-surface protein HBV. The 
growth kinetics of the recombinant viruses was investigated after infection of Madin-Darby 
canine kidney (MDCK) and Madin-Darby bovine kidney (MDBK) cells and the rIV-BVPreS virus 
showed higher titer than other viruses in MDCK cells. We also confirmed the presence of HBV 
epitopes in the chimeric viruses by enzyme-linked immunosorbent assay (ELISA) using anti-
HBV polyclonal antibody. When the ratio of recombinant virus verse wild type virus was cal-
culated by ELISA, recombinant viruses exhibited 2 fold higher values than the wild type virus. 
Conclusion: These results suggest that chimeric influenza virus which contained foreign anti-
gens can be used as dual vaccine against both HBV and influenza viruses. 

Keywords: NA stalk, Chimeric virus, Dual vaccine
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T lymphocytes as well of humoral immunity [8-11]. 

As one of the world’s most common infectious diseases, he-

patitis B virus (HBV) is a serious worldwide public health con-

cern, with HBV-associated liver disease accounting for more 

than half a million deaths early year [12]. Although there is an 

effective prophylactic vaccine currently available to prevention 

infection, it has a number of characteristics that are subopti-

mal-multiple doses are needed to elicit long lasting immunity, 

immunity declines over time, and the vaccine is not effective 

therapeutically [12].

The reverse genetics system established by Seong and Brown-

lee [13] to reconstitute influenza gene with viral core proteins 

for rescue genes and generation of recombinant influenza vi-

rus has made it possible to modify the influenza virus genome. 

In early study, the enzymatic domain of the neuramidase (NA) 

is held away from the virus envelope by a polypeptide stalk 

of variable length [14]. Using this method, here, we report the 

use of reverse genetics to generate mutant influenza viruses 

expressing a B cell specific epitope of the HBV surface or pre-

surface proteins in the NA stalk for the use of dual vaccine to 

prevent both influenza and HBV infection.

Materials and Methods

Viruses and cells 
Influenza virus WSN-HK that contained the NA gene from A/

Hong Kong/1/68 (H3N2) and all other genes from A/WSN/33 

(H1N1), was obtained from Dr. Yoshi Kawaoka and used to 

rescue the mutant WSN NA gene. The Madin-Darby bovine 

kidney (MDBK) cell line was cultured in minimal essential 

medium containing 10% fetal bovine serum. Madin-Darby 

canine kidney (MDCK) cells were cultured in the same condi-

tions as were MDBK cells.

Preparation of micrococcal nuclease-treated virus cores 
Viral cores, nucleoprotein protein (NP) and polymerase pro-

tein (P) were isolated by glycerol and glycerol-cesium chlo-

ride (CsCl) gradient centrifugation from Influenza A virus, 

strain X-31, a reassortant of A/HK/68 and A/PR/8/34, after 

viral particle disruption with detergents (100 mM Tris-HCl 

[pH 7.4], 100 mM NaCl, 5 mM MgCl2, 1 mM dithiothreitol, 5% 

glycerol, 1% NP40). Viral core fraction were separated from 

sodium dodecyl sulfate polyacrylamide gel electrophoresis 

and treated with micrococcal nuclease (Sigma, St. Louis, MO, 

USA) to degrade RNA [13]. Final core proteins were stored at 

-20°C for further experiment.

Plasmids for cloning of HBV epitopes
A plasmid pT3WSN (NA15) containing the WSN NA gene 

flanked by the Ksp632I site and T3 RNA polymerase pro-

moter sequence, was obtained from Dr. Peter Palese (Mount 

Sinai School of Medicine, New York, NY, USA) [15]. A second 

plasmid, pT3WSN-NAmut which had additional restriction 

enzyme sites, SacI and KpnI in the stalk region was made 

by polymerase chain reaction. Plasmids for the generation 

of recombinant influenza A viruses were constructed from 

pT3WSN-NAmut by inserting nucleotides derived from HBV 

surface antigen between 139-147 or pre-surface antigen in the 

region encoding the NA stalk respectively. An NA ribonucleo-

protein (RNP) complex was prepared by in vitro transcription 

of pT3WSN-NAmut with T3 RNA polymerase in the presence 

of the NP and P for the generation of mutant influenza viruses 

after these plasmids were digested with Ksp632I and filled in 

with Klenow fragment.

Recombinant influenza A viruses rescue
The NA RNP complex was transfected into 70% to 80% con-

fluent MDBK cells infected 1 hour before transfection with 

WSN-HK at a multiplicity of infection (MOI) of 1. Eighteen 

hours after transfection, transfectants in the supernatant were 

plaqued on MDBK cells and then plaque purified three times 

in MDBK cells.

Viral growth properties in vitro
The ability of recombinant viruses to grow in MDBK and 

MDCK cells was determined by analyzing multiple replica-

tion cycles. Confluent MDBK and MDCK cell monolayers 

grown on 6 well plates were washed with phosphate-buffered 

saline, overlaid with 0.5 mL of diluted virus suspension (to 

achieve a MOI of 0.01 plaque-forming unit [PFU]/cell), and 

incubated at room temperature (RT) for 40 minutes. The vi-

rus suspension was then removed by aspiration, and 3 mL of 

minimal essential medium was added. Sample supernatants 

were collected at 12-hour intervals until 72 hours after inocu-

lation. The virus titer of the sample was determined by plaque 

assay on MDBK and MDCK cells. 

Enzyme-linked immunosorbent assay (ELISA)
Recombinant influenza viruses expressing HBV epitopes at 80 

hemagglutination unit (HAU)/50 µL concentration with two 

fold serial dilution were used as a coating antigen on 96-well 

microtiter plates. After incubation for 1 hour at RT, plates 

were washed once with phosphate buffered saline (PBS) and 
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then incubated at 37°C for 1 hour in 0.1% bovine serum albu-

min–PBS to block the remaining binding sites. After removal 

of the blocking buffer and washing, HBV polyclonal antibody 

at 2 µg/mL was added in each well of microtiter plates and 

the plates were incubated at 37°C for 1 hour. The plates were 

washed again (3 times with PBST), a 1 :1,000 dilution of alka-

line phosphatase conjugated solution for 1 hour at RT. This 

was followed by removal of the conjugate, washing and addi-

tion of p-nitrophenyl phosphate as a substrate. Finally, absor-

bance was read at 405 nm.

Results

Generation of recombinant viruses with an HBV surface or 
pre-surface protein epitopes in the NA stalk
Recombinant influenza A viruses were generated by a RNP 

transfection based reverse genetic system. In previous study, 

Seong and Brownlee [13] used RNA transcribed in vitro and 

micrococcal nuclease-treated virus cores proteins (purified 

NP and P) for genetic rescue into influenza virus. Using the 

same procedure, we attempted to rescue recombinant in-

fluenza A viruses which contained additional amino acid 

peptides in the stalk region derived from the surface and pre-

surface protein of HBV. The rescue system depends on the 

fact that the NA gene of WSN (H1N1) virus is responsible for 

plaque formation of the virus in MDBK cells without trypsin 

protease. Hence, the WSN-HK reassortant virus, which con-

tains only the NA gene from A/Hong Kong/1/68 (H3N2) virus 

and the rest of the genes from WSN virus, can be used as a 

helper virus to rescue the WSN NA gene (Fig. 1). Because the 

WSN-HK virus does not plaque on MDBK cells, the rescue 

of the WSN NA gene allows the virus to plaque in these cells. 

In this study, we generated two chimeric influenza A viruses 

rIV-BVS which has additional 22 amino acids derived from 

HBV surface antigen and rIV-BVPreS2 which has same num-

ber of epitope sequences derived from HBV pre-S2 genome 

in the same place in stalk region (Fig. 2) and wild type virus 

using wild type NA gene from WSN virus as a control. These 

recombinant viruses were harvested at 18 hours after trans-

fection of RNP complex in the cell supernatants and then pla-

que purified three times in MDBK cells. 

Growth phenotype of recombinant influenza A viruses  
expressing a HBV epitope
To access the effect of the replacement of the NA gene seg-

ment in WSN virus on subsequent virus amplification in cells, 

we infected triplicate samples of near confluent MDBK cells 

with rIV-BVS, rIV-BVPreS2 and WSN virus at a low MOI (0.5) 

and monitored virus replication by assaying culture superna-

tants. Both rIV-BVS and rIV-BVPreS2 had maximal titers (7.7 

and 7.9 log10 PFU/mL, respectively) similar to wild type WSN 

Fig. 1. Generation of recombinant influenza A virus. Reconstituted 
ribonucleoprotein (RNP) complex which has RNA in vitro transcribed 
with foreign epitopes and functional viral core proteins was trans-
fected into Madin-Darby bovine kidney (MDBK) cells that had been 
infected with WSN-HK helper virus. Recombinant influenza A virus 
was selected by plaque assay on MDBK cells in the absence of pro-
tease and further amplified in MDBK cells. NA, neuraminidase; NP, 
nucleoprotein.
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Fig. 2. Amino acid sequences of the neuraminidase (NA) stalk mutants 
from residues 36 to 80 of WSN NA. The B cell epitope sequences de-
rived from HBV surface (rIV-BVS) and PreS2 (rIV-BVPreS2) protein are 
italicized. NAmut is the partial amino acid sequences of mutant NA 
on the intermediate cloning vector, pT3WSN-NAmut, for introducing 
foreign epitopes.

Transmembrane Stalk

NA-WT HS IQTGN QNHTICNQG SITYKVVAG QDSTSWILTGNSSLCPIRG

NAmut HS IQTGN CTELIGT SITYKVVAG QDSTSWILTGNSSLCPIRG

rIV-BVS HS IQTGN CTELPSCCCTKPSDGNCTCIPIPSGT SITYKVVAG

rIV-BVPreS2 HS IQTGN CTELDPRVRGLYFPAGGSSSGTVNGT SITYKVVAG

Head
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virus (7.4 log10 PFU/mL) (Fig. 3A). Although the peak titers of 

all three viruses were similar, rIV-BVS reach early to the maxi-

mum titer at 36 hours compare to WSN wt virus at 72 hours. 

Additionally, multiple cycle growth curves were performed 

using MDCK cells. Both rIV-BVS, rIV-BVPreS2 reached maxi-

mal titers of 8.3 log10 PFU/mL, at 72 hours (Fig. 3B). On the 

other hand, WSN wt virus showed lower maximal titer of 7.5 

log10 PFU/mL at 36 hours then recombinant viruses (p<0.05) 

and the viral titer slightly decreased until 72 hours (Fig. 3B).

Binding reactivity of recombinant influenza A viruses against 
HBV specific antibody
To determine whether the HBV epitopes that expressed in the 

NA stalk are exposed on the surface of the recombinant in-

fluenza viruses, we tested the reactivity of the anti-HBV poly-

clonal antibody to rIV-BVS and rIV-BVPreS2. In an ELISA, the 

anti-HBV polyclonal antibody reacted with the rIV-BVS and 

rIV-BVPreS2 but the WSN virus that had wild type NA protein 

showed only background level in the lowest diluted fraction 

(Fig. 4). A polyclonal antibody to the HBV reacted with both 

rIV-BVS and rIV-BVPreS2 but the intensity of the reaction 

with the rIV-BVPreS2 was weaker than the intensity of the re-

action with the rIV-BVS. 

Discussion

The NA of influenza A viruses is a surface glycoprotein com-

posed of a single polypeptide chain. The NA protein consists 

of a boxlike head composed of four roughly spherical sub-

units and a centrally attached stalk containing a hydropho-

bic region by which the molecule is embedded in the viral 

membrane. The number and sequence of the amino acid 

residues in the stalk region vary considerably among differ-

ent viruses, even within the same subtypes. This suggests that 

the NA stalk does not impose rigid structural constraints on 

the insertion of amino acid sequences, making this portion 

an ideal region for inserting foreign epitopes [16,17]. In this 

paper, we generate the recombinant influenza A viruses con-

taining a B cell-specific epitope of HBV surface or pre-S2 pro-

tein in the NA stalk. As we expected, the results revealed that 

recombinant influenza A viruses, rIV-BVS or rIV-BVPreS2 

containing immunodominant B cell epitopes from HBV sur-

face or pre-S2 proteins in the stalk region of the NA gene were 

effectively generated by reverse genetic system and showed 

similar biological properties in growth kinetics and plaque 
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Fig. 3. Growth properties of recombinant influenza A viruses. rIV-BVS and rIV-BVPreS2 were cultured in Madin-Darby bovine kidney (MDBK) (A) 
and Madin-Darby canine kidney (MDCK) (B) cells for 72 hours then the virus titer of the sample was determined by plaque assay. PFU, plaque-
forming unit.

Fig. 4. Binding properties between recombinant influenza A viruses 
and hepatitis B virus (HBV) antibody. rIV-BVS and rIV-BVPreS2 were 
coated on the microtiter plates and tested the binding activity of the 
anti-HBV polyclonal antibody by enzyme-linked immunosorbent assay. 
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formation comparing wild type of parental virus in vitro.

One interesting finding is that the recombinant influenza 

virus rIV-BVPreS2 containing 22 additional amino acids from 

HBV PreS2 protein in NA stalk showed higher growth phe-

notype then neither rIV-BVS or wild type WSN in MDCK not 

MDBK cell culture. In fact, viral replication in tissue culture 

correlated closely with NA activity to prevent aggregation of 

the virus particles on the cell surface. Because the new influ-

enza virions are assembled at the host-cell surface membrane 

and release by a process of budding in which both hemagglu-

tinin and NA are involved. During this process, viral NA has 

the important function of cleaving sialic acid from viral and 

cellular glycoproteins, thus preventing virus aggregation and 

allowing individual virions to be release from the cells. But 

this also depends on the properties of the infected cell. Some 

cells may allow many viral replication cycles to occur without 

specific damage to themselves but need protease activity 

such as trypsin to activate the newly released virions. For ex-

ample, MDCK cell required exogenous protease for vigorous 

influenza viral replication. So one possibility to explain high 

yield of rIV-BVPreS2 in MDCK cells is the additional amino 

acid residues in the stalk region may change the structural 

conformation of NA protein and this affect the NA activity to 

increase viral growth yield in MDCK cell culture even without 

exogeneous trypsin. 

In recent reports, Castrucci et al. [18] reported protection 

against lethal lymphocytic choriomeningitis virus (LCMV) 

infection in mice immunized with influenza virus containing 

a LCMV epitope recognized by cytotoxic T lymphocytes. An-

other approach, foreign epitopes were inserted into the glob-

ular head portion of the hemagglutinin molecule [19]. Thus, 

both surface glycoproteins of influenza virus can be used for 

incorporating foreign epitopes. Finally, taken together, our 

result may provide a reliable approach to deliver efficacious 

vaccines against HBV and other infectious diseases even need 

further experiments such as a lethal challenge with both in-

fluenza virus and HBV.
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