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Both H5N1 and H7N9 subtype avian influenza viruses cause enormous economic

losses and pose considerable threats to public health. Bivalent vaccines against both

two subtypes are more effective in control of H5N1 and H7N9 viruses in poultry and

novel egg-independent vaccines are needed. Herein, H5 and H7 virus like particle

(VLP) were generated in a baculovirus expression system and a bivalent H5+H7 VLP

vaccine candidate was prepared by combining these two antigens. Single immunization

of the bivalent VLP or commercial inactivated vaccines elicited effective antibody immune

responses, including hemagglutination inhibition, virus neutralizing and HA-specific IgG

antibodies. All vaccinated birds survived lethal challenge with highly pathogenic H5N1

and H7N9 viruses. Furthermore, the bivalent VLP significantly reduced viral shedding and

virus replication in chickens, which was comparable to that observed for the commercial

inactivated vaccine. However, the bivalent VLP was better than the commercial vaccine

in terms of alleviating pulmonary lesions caused by H7N9 virus infection in chickens.

Therefore, our study suggests that the bivalent H5+H7 VLP vaccine candidate can serve

as a critical alternative for the traditional egg-based inactivated vaccines against H5N1

and H7N9 avian influenza virus infection in poultry.

Keywords: avian influenza virus, H5N1 subtype, H7N9 subtype, virus-like particle, baculovirus expression system,

bivalent vaccine, chickens

INTRODUCTION

H5N1 avian influenza virus (AIV) has been widely circulating in China and spread to more than 60
countries, and has caused huge economic losses to the poultry industry worldwide (1, 2). In addition
to the serious threat to the poultry industry, H5N1 subtype AIV also raises pandemic concerns. As
of September 9, 2021, H5N1 AIV has infected 863 people and caused 456 deaths (https://www.who.
int/influenza/human_animal_interface/H5N1_cumulative_table_archives/en/). Other than H5N1
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FIGURE 7 | The bivalent H5+H7 VLP vaccine alleviates lung injury after the lethal H7N9 virus challenge. (A) H & E staining results of the bird’s lung on Day 2 and 4

post-H7N9 virus challenge. Black triangle indicates dilatation in the pulmonary chamber or bronchial; white triangle arrow stands for infiltration of fiber cells, detached

epithelial cell mucus, and erythrocytes in the parabrochus; quad star means lymphocytes infiltration in the lung chamber. (B) Scores of the overall histopathologic

changes in the bird’s lung post-H7N9 virus challenge. The specific information concerning the scoring criteria was listed in the Materials and Method section.
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regional HPAI strains with the unnecessity of using high
biocontainment facilities. Furthermore, compared with the
commercial whole-virus inactivated vaccines, an additional
benefit of the VLP vaccines is the capacity of differentiating
infected from vaccinated animals (DIVA) since VLP vaccines
do not induce antibodies to the viral internal proteins, such
as the NP protein (26, 30). Lastly, single vaccination of
chickens with the bivalent VLP elicited immunogenicity and
conferred clinical protection comparable to that elicited by
booster with other VLP vaccination (32, 36, 39, 45). However,
for ultimately being proposed as a critical alternative to the
traditional ovoculture vaccines in poultry, some challenges still
need to be addressed for the VLP vaccine, mainly including
optimization of the manufacturing processes to achieve higher
antigen yields, minimization of the downstream processing
cost of vaccine manufacturing as well as enhancements of
broad protection against multiple variants and subtypes of
influenza virus. Last, but not least, it is essential to establish
the whole VLP production pipeline, from the upstream cell
fermentation and antigen production to the downstream antigen
quality-control and process, in vaccine enterprises for large-scale
industrial production (58) and application of VLP vaccines in
the field.

In conclusion, a non-egg-based bivalent H5+H7 VLP
vaccine candidate was generated in this study. A single dose
of this vaccine induced efficient serum antibody responses
and conferred good protection against homologous virus
challenge in chickens. Furthermore, viral shedding and
viral replication was significantly inhibited in bivalent VLP-
vaccinated birds after challenge with H5N1 and H7N9 viruses,
which was comparable to that for the commercial inactivated
vaccine. Notably, the VLP vaccine showed advantage in
suppressing the lung injury caused by H7N9 virus infection.
Therefore, the bivalent H5+H7 VLP vaccine generated
in this study can serve as a critical alternative for the
traditional egg-based inactivated vaccines to mitigate H5N1
and H7N9 infections in chickens and consequently protect
public health. In addition, our study also presented new
information for generation of bivalent influenza VLP vaccines
for poultry.
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