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Article Info Abstract

Article history: During the fifth month of 2024, many outbreaks of the avian influenza virus occurred in
Vietnam, during which the first human infected with avian influenza A (HSN1) was reported.
Therefore, influenza control strategies including vaccine production are necessary for poultry and
improving the number of candidate vaccine viruses that do not replicate well in eggs for vaccine
production. We previously reported that the ST-2009 virus had a negative propagation capacity in

eggs. Chimeric neuraminidase (NA) genes were generated by replacing the 5' and 3' packaging
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those of the control, the new viruses containing chimeric NA genes exhibited significantly greater
Chimeric NA hemagglutination titers in embryonated chicken eggs. This study showed that the packaging
Influenza A H5N1 virus efficiency of new viruses containing chimeric NA and replacing chimeric NAs improved the
Negative propagation hemagglutination titer of viruses that were unable to propagate in eggs.
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Introduction

Recent outbreaks of avian influenza A (HSN1) were
reported in 2024 in the provinces of Vietnam. One human
infection with an influenza A virus in a 21-year-old male
occurred with no wunderlying conditions. Therefore,
influenza control strategies including vaccine production
are necessary for poultry.l2 The eight vRNAs (890 - 2,341
nucleotides) contained an extended central coding region
(open reading frame [ORF]) flanked by segment-specific
noncoding regions (NCRs) of 19 - 58 nucleotides. Within
these NCRs, the extreme 5' and 3' termini of nucleotides 12
and 13 (U12 and U13) are highly conserved (positive
sense throughout the paper)3* The partially
complementary termini permit the vRNAs to coil back on
themselves to form a panhandle structure. They are the
necessary promoter elements for initiating replication and
transcription.> Random and segment-specific models
proposed for how influenza A vRNAs are inserted into
progeny virions, but there is additional evidence for this
segment-specific model.® Several studies have shown that
the 3' and 5' terminal regions, NCRs and some ORF ends,
have segment-specific packaging signals.”-10
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In the past few years, many people have attempted to
use the terminal sequences of the hemagglutinin (HA) or
neuraminidase (NA) of the PR8 A/PR/8/34 virus to
increase the yield of candidate vaccine viruses in eggs.1112
This study contributed to the understanding of the role of
PR8 NA in the production of candidate vaccine viruses
with low yield propagation in eggs.

Materials and Methods

Viruses.The recombinantviruses (RVs)accommodating
HA and NA from A/duck/Vietnam/ST0907/2009 H5N1
(clade 1.1, now 1.1.2; namely, ST-2009) and IBT-RGO1
(A/duck/Vietnam/ST-2009-H5+HT-2014-N1) were
produced on the PR8 background as previously described
and used as controls.1314 All laboratory works for
implementation of the influenza A viruses were performed
in biosafety facilities in accordance with the regulations of
Institute of Biotechnology (IBT, Hanoi, Vietnam) under the
decision number 2008/QD-VHL.

Construction and cloning of chimeric ST-2009-NA
and IBT-RGO1. The 3' forward primer 5'-CCTTGTTCTACT
AGC-3' with a segment-specific reverse primer was used
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in a reverse transcriptase polymerase chain reaction test
to deduce the 5' terminal sequence.!? Similarly, the 3'
terminal sequence was determined by sequencing
polymerase chain reaction products generated via reverse
transcriptase polymerase chain reaction using a segment-
specific forward primer and the 5' reverse primer 5'-
CCTGCTTTTGCTAGT-3"'12 The chimeric NAs were created
by exchanging the terminal sequences of the NA and PR8
genes via mega-primer mutagenesis.!> Then, the
constructed chimeric NAs were inserted into the virus
rescue pHW2000 plasmid following the methods of
Hoffmann et al.16

Generation of ST-2009- and IBT-RGO01-containing
chimeric NA vaccine viruses by reverse genetics. The
generation of re-assorted 6 + 2 vaccine viruses involved
the co-transfection of 293T cells with eight cDNA plasmids.
Two plasmids were encoded using the chimeric NA and
HA of ST-2009 or IBT-RG1, together with the six gene
plasmids of PR8. The cell supernatant (200 puL per egg)
from transfected 293T cells was collected and inoculated
into 10 to 11 day embryonated chicken eggs, where the
viruses were propagated at 37.00 °C for 48 hr before being
titered by hemagglutination.l”

Hemagglutination assay. The HA assay was
performed as previously described.l” Briefly, the
specimens were diluted in a 96-well plate with a V-bottom.
To each well on the plate, 50.00 pL of 0.100 M phosphate-
buffered saline (pH : 7.20) was added, followed by the
addition of 50.00 pL of egg fluid to the first well in each
row that needed to be tested. This result in ina 1 : 2
dilution of test material. A positive control antigen and a
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cell control were included. Using a pipette, the contents of
the first well were mixed, 50.00 pL was transferred from
the first well, and the mixture was placed in the second
well. Two-fold dilutions of the virus suspension were
made across the entire row. The excess 50.00 pL was
discarded after the last row. All the wells had a final
volume of 50.00 uL after this step. Then, 50.00 pL of 0.50%
chicken erythrocyte suspension was added to each well.
The erythrocytes were allowed to settle for 20 - 30 min.

Results

Construction and cloning of chimeric NAs. The
construction of NA gene segment-containing chimeric NAs
from ST-2009 involved the incorporation of packaging
signals from the PR8 NA. Specifically, a 41-nucleotide (nt)
package from PR8 NA, consisting of a 20-nt NCR and a 21-
nt region from the ORF, was added at the 5' end.
Additionally, a 67-nt packaging signal from the PR8 NA,
comprising a 39-nt region from the 3' end of the ORF and a
28-nt NCR, was added at the 3' end. This resulted in a PR8-
NA-PR8 configuration (Fig. 1). The chimeric constructs
utilized the ORFs of the NA genes from the ST-2009 virus,
with no anticipated alterations to the amino acid sequence.
To prevent translation initiation from the ORF of PR8, the
ATG codon of the PR8 NA sequence in the chimeric
construct was altered to GCG (Fig. 1). Consequently, RV
combinations of nonchimeric NA (RV1), NA-PR8 (RV2),
PR8-NA (RV3) and PR8-NA-PR8 (RV4) were obtained. The
segments of chimeric constructs were successfully
inserted into the virus rescue plasmid pHW2000.
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——memememeem=-—-CCAGACGGTGCTGAGTTGCCATTCAGCATTGACAAGTAG TCTGTTCAAAAAACTCCTTGTTTCTACT  3'- NA PR8

———] CCAGACGGTGCTGAGTTGCCATTCACCATTGACAAGTAG TTGTTCAAAAAACTCCTTGTTTCTACT

3'- NA ST-2009

--------------------- CCAGACGGTGCTGAGTTGCCATTCACCATTGACAAGTAG TTTGTTCAAAAAACTCCTTGTTTCTACT  3'- NA IBT-RGO1

Fig. 1. Schematic diagram of the Soc Trang-2009/Institute of Biotechnology-Reverse Genetics 01 ST-2009/IBT-RG01 virus containing
chimeric neuraminidase (NA). The open reading frame (ORF) of ST-2009/IBT-RG01 was flanked by the NA of A/PR/8/34 PR8. In chimeric
constructs, the ATG translation initiation codon of the NA sequence of PR8 was mutated to GCG. The ST-2009/IBT-RG01 NA ORF was
flanked by a 41- nucleotide (nt) packaging signal (PS) from the PR8 NA (20-nt noncoding region (NCR) plus 21 nt from the ORF) at the 5’
end and a 67-nt PS from the PR8 NA (39 nt from the 3’ end ORF plus 28 nt NCR) at the 3’ end. Sequences of the NA of PR8 and the chimeric
NA of ST-2009/IBT-RGO1. The numbers show the number of nucleotides counted from their respective ends. The ST-2009/IBT-RG01
virus contains achimeric NAORF flanked by a41-nt PS from the 5'end of the PR8 NAgene and a 67-nt PS from the 3’ end of the PR8 NAgene.
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Growth of the new chimeric viruses in eggs. To
evaluate the impact of PR8 chimeric NA on the ST-2009
virus, a set of RVs based on PR8 was generated in 293T
cells. These reverse genetic strains included ST-2009
containing NA or chimeric NA along with the six
remaining genes from PR8. The rescued viruses were
subjected to a single passage in eggs, and their titer was
determined using hemagglutination analysis. Virus
containing RV1 had a negative HA titer.13 The results in
Table 1 show that RV2 with the PR8 NA at the 3’ end, RV3
with the PR8 NA at the 5’ end and RV4 with the PR8 NA
at both the 5’ and 3’ ends had significantly greater virus
titers of 3.12 (logz), 3.35 (logz) and 4.21 (log),
respectively, than did RV1. In addition, we investigated
whether the PR8 chimeric NA had an effect on
propagation of the IBT-RGO1 virus in eggs. The chimeric
NA of IBT-RG01 was constructed as described above for
ST-2009 (Fig. 1). The segments of chimeric constructs
were successfully inserted into the virus rescue plasmid
pHW2000. Consequently, combinations of nonchimeric
NA (RV5), NA-PR8 (RV6), PR8-NA (RV7) and PR8-NA-
PR8 (RV8) were obtained. The rescued viruses were
subjected to a single passage in eggs, and their titer was
determined using hemagglutination analysis. The results
showed that the hemagglutination titer in the eggs of
chimeric NAs was increased from 6.22 (logz; RV5) to 7.08
(logz; RV6), 7.17 (logz; RV7) and 8.15 (logz; RV8) after the
replacement of chimeric NAs (Table 2).

Table 1. Hemagglutination titer of new viruses with or without
chimeric neuraminidases (NAs) in eggs.

RVs HA NA Hemagglutination titer (logz)
RV1 HA NA negative

RV2 HA NA-PR8 3.12

RV3 HA PR8-NA 335

RV4 HA PR8-NA-PR8 4.21

HA: Hemagglutinin; RV: Recombinant viruses; PR8: A/PR/8/34.

Table 2. Hemagglutination titer of Institute of Biotechnology-
Reverse Genetics 01 IBT-RGO1 virus with or without chimeric
neuraminidases (NAs) in eggs.

RVs HA NA Hemagglutination titer (log2)
RV5 HA NA 6.22
RV6 HA NA-PR8 7.17
RV7 HA PR8-NA 7.08
RV8 HA PR8-NA-PR8 8.16

HA: Hemagglutinin; RV: Recombinant viruses; PR8: A/PR/8/34.

Discussion

The findings of our study indicated that the inclusion of
the ST-2009 NA ORF, which is surrounded by the PR8 NA
5'and 3' packaging signals, has a substantial impact on the
hemagglutination titer of the virus. Specifically, the titers
were assessed through a hemagglutination test and were
found to increase significantly compared to those of the
original construct of the ST-2009 strain. In detail, the

chimeric constructs with the PR8 NA at the 3’ end or the
5’ end had hemagglutination titers lower than those with
both PR8 packing signals. In addition, we tested the IBT-
RGO1 virus. The results were similar to our experiments
on the ST-2009 virus, with the chimeric NA construct
having packing signals at both the 5’ and 3’ ends resulting
in the highest hemagglutination titer. Thus, replacing the
PR8 NCR for vaccine viruses with low yield growth in
eggs was critical. Specifically, how the packaging signals
interacted with each other and affected the incorporation
of genes into virions is still controversial. Additional
work is necessary to determine the effects of these
signals. In conclusion, the packaging efficiency of new
viruses containing chimeric NA was significantly greater
than that of the control virus. Our study showed an
improvement in the HA titer of new viruses containing
chimeric NAs that may be useful for vaccine candidates
with low yield problems.
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