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The avian influenza viruses (AlV) of the H5 subtype have the ability to
spontaneously mutate from low pathogenic (LPAI) to highly pathogenic (HPAI),
which can cause high mortality in poultry. In 2004, H5N2 is an example of an
LPAI strain that circulated in Malaysia. The sporadic activity of this strain was still
observed in other countries, with HPAI H5N2 strain has been reported in
Minnesota U.S. in 2015. Little is known about the pathogenic switching, apart
from the mutation at the hemagglutinin cleavage site which significantly
contribute to the phenomenon. Therefore, any other markers that could
potentially confer pathogenic switching would be important to determine the
pathogenicity of the virus. This study aims to propagate and determine infectivity
of the Malaysian LPAI H5N2 virus, to amplify the hemagglutinin (HA),
neuraminidase (NA), and matrix (M) genes, and to use bioinformatics software
to analyse the obtained sequences. Upon H5N2 strain
A/Duck/Malaysia/8443/2004 virus propagation in SPF eggs, the allantoic fluid
was harvested and subjected to hemagglutination assay. Viral RNAs were
extracted and amplified by RT-PCR prior to sequencing. Results showed
successful amplifications of HA (1732 bp), NA (1431 bp) and M (1019 bp) genes,
whereby the multibasic amino acid (aa) sequence at the HA cleavage site was
not observed. Host-associated analysis detected one human-associated
mutation Q78K at the M2 protein. The HA protein showed identical aa with HPAI
reference strain at position 113 which is known to affect pathogenicity, but no
D94N and N182K/D mutations, which influence the binding of human influenza
receptor. The virus also showed less glycosylation sites, but similar aa sequence
at the NA active sites. Known motifs that decrease the susceptibility of NA or M2
inhibitor drugs were not found. The phylogenetic tree showed that the virus was
grouped within the Eurasian H5 lineage, and clustered with other AIV subtypes.
These data demonstrate diverse characteristics of the Malaysian LPAlI H5N2,
compared to HPAI H5N2. Although it may be difficult to predict the LPAI to HPAI
pathogenic switching effectively, the studied AIV exhibited no considerable



markers that would signal a prospective transition to HPAI. This comprehensive
sequence analysis will aid epidemiological research of the dynamics and
evolution of circulating AIV in poultry.
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H5N2
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Virus avian influenza (AIV) subjenis H5 mempunyai keupayaan untuk bermutasi
secara spontan daripada patogenik rendah (LPAI) kepada sangat patogenik
(HPAI), yang boleh menyebabkan kematian yang tinggi dalam ayam. H5N2 ialah
contoh strain LPAI yang telah beredar di Malaysia pada tahun 2004. Aktiviti
sporadis strain ini masih diperhatikan di negara lain, di mana strain HPAI H5N2
telah dilaporkan di Minnesota A.S. pada tahun 2015. Sedikit yang diketahui
tentang perubahan patogen, selain daripada mutasi di tapak belahan
hemagglutinin yang menyumbang dengan ketara kepada fenomena tersebut.
Oleh itu, sebarang penanda lain yang berpotensi memberikan pertukaran
patogenik adalah penting untuk menentukan kepatogenan virus. Objektif kajian
ini adalah untuk membiakkan dan mengkuantisasi virus LPAI H5N2 Malaysia,
untuk memperbanyakkan gen hemagglutinin (HA), neuraminidase (NA) dan
matriks (M), dan untuk menganalisis jujukan yang diperoleh menggunakan
perisian  bioinformatik. = Selepas  pembiakan  virus  H5N2  strain
A/Duck/Malaysia/8443/2004 ke dalam telur SPF, cecair alantoik telah dituai dan
ujian haemagglutinasi telah dilakukan. RNA virus telah diekstrak dan
diperbanyakkan oleh RT-PCR sebelum penjujukan. Keputusan menunjukkan
gen HA (1732 bp), NA (1431 bp) dan M (1019 bp) yang berjaya, di mana jujukan
asid amino berbilang asas di tapak pembelahan HA tidak ditemukan. Analisis
berkaitan hos, mengesan satu mutasi berkaitan manusia Q78K pada protein M2.
Protein HA menunjukkan asid amino yang sama dengan strain rujukan HPAI
pada kedudukan 113 yang diketahui memberi kesan kepada patogenik, tetapi
tiada mutasi D94N dan N182K/D, yang mempengaruhi pengikatan reseptor
influenza manusia. Virus ini juga menunjukkan kurang tapak glikosilasi, tetapi
urutan aa serupa di tapak aktif NA. Motif yang diketahui yang mengurangkan
kerentanan dadah perencat NA atau M2 tidak dijumpai. Pokok filogenetik
menunjukkan bahawa virus ini dikelompokkan didalam keturunan Eurasia H5,



dan berkelompok dengan subjenis AlV yang lain. Data ini menunjukkan pelbagai
ciri LPAI H5N2 Malaysia, berbanding HPAI H5N2. Walaupun mungkin sukar
untuk meramalkan perubahan patogenik LPAI kepada HPAI secara berkesan,
AlV yang dikaji tidak menunjukkan penanda yang besar yang akan menandakan
peralihan prospektif kepada HPAI. Analisis jujukan komprehensif ini akan
membantu penyelidikan epidemiologi tentang dinamik dan evolusi AlIV yang
beredar dalam ayam.

Keywords: Virus avian influenza, hemagglutinin, neuraminidase, matrix gen,
H5N2
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CHAPTER 1

INTRODUCTION

Influenza viruses are composed of antisense, single stranded and segmented
RNA and belongs to Orthomyxoviridae family. Type A, B, C, and D are the four
types of significant of influenza virus. Type A viruses have infected numerous
birds and mammals, whereas the other types of viruses have a more restricted
host range. These viruses can infect domestic poultry and other animal species
and occur naturally among aquatic birds worldwide. Generally, Avian influenza
virus (AlV) is incapable of infecting humans. However, there have been isolated
incidences of human infection with avian flu viruses. In addition, several
countries, such as Asia, North Africa, and the Middle East, have been affected
by AlV epidemics over the past few decades. As a result, various countries have
begun developing AlV vaccines using multiple methodologies and strategies.

The combination of the surface glycoproteins hemagglutinin and neuraminidase
determines the subtypes of influenza A viruses, each of which contains 18 (H1—-
H18) and 11 (N1-N11) antigens respectively, according to the Centers for
Disease Control and Prevention (CDC) (2021). The virus genome is
approximately 13.5 kb in length in total and divided into eight segments that
encode ten or eleven proteins, depending on the virus strain (Hutchinson et al.,
2014). The genomic segments ranging in size from 890 to 2341 nucleotides for
examples Polymerase base subunit one (PB1) have approximate 2.3 kbp,
Polymerase base subunit two (PB2) have approximate 2.3 kbp, polymerase
acidic (PA) have approximate 2.2 kbp, hemagglutinin (HA) have 1.7 kbp,
nucleoprotein (NP) have 1.5 kbp, neuraminidase (NA) 1.4 kbp, matrix proteins
(M) 1 kbp, and non-structural protein (NS) 800 bp (Jiao et al., 2012).

Wild ducks are a reservoir for HPAI and LPAI viruses (Perkins & Swayne,2003;
Kishida et al., 2005). However, they rarely exhibit clinical symptoms following
HPAI infection. Depending on the age and genetic background of the ducks,
however, certain HPAI H5N1 strains may be lethal to ducks (Cagle et al., 2011;
Wasilenko et al., 2011). The vast majority of HPAI H5N1 virus strains frequently
result in 100 percent mortality in chickens, turkeys, and quails within two to three
days. Due to their intrinsic resistance, ducks also enhance the genetic
reassortment of influenza viruses, facilitating the generation of genetically
diverse AlVs, such as HPAI H5N1 viruses (Kuchipudi et al., 2014).



Low pathogenic avian influenza viruses (LPAIVs) of the H5 and H7 subtypes
typically carry mutation at the HA cleavage site to become HPAI viruses, causing
infection in humans. Outbreaks of avian influenza virus have enormous effects
on both human health and the economy. Multiple independent LPAI virus
(LPAIV) to HPAI conversion events have been documented since 1959, when
the first H5 HPAI virus was found in chicken farms in Scotland (Dhingra et al.,
2018; Alexander & Brown, 2009).

According to Cornelissen et al.,, (2013), the chicken's cytokine-mediated
inflammatory response is overly delayed. Consequently, an insufficient cellular
immune response may contribute to iliness. Unlike ducks, the pattern recognition
receptors (Toll-Like receptors 7, RIG-like receptors, and melanoma
differentiation-associated protein 5) will induce a rapid cytokine production and
sustained cellular response. Due to the absence of RIG-I, chickens may be more
susceptible to the influenza virus than ducks. This RNA sensor is essential for
IFN-mediated antiviral responses (Barber et al., 2010).

Despite the fact that AIV continues to circulate globally in humans due to
population connectedness (Lemey et al., 2014), the majority of variety is found
in avian species, and the reservoir population is comprised of birds (Fouchier &
Guan, 2013). Understanding the mutation patterns of AlV epidemiology in birds
would therefore contribute in clarifying the origins of prior pandemics and may
aid in the prediction of future ones.

Malaysia experienced an outbreak of the A/Malaysia/Duck/8443/04 (H5N2) virus
which involve ducks at Ipoh, Perak in 2004. As this is the only Malaysian H5N2
isolate, several studies have been performed to characterize this LPAI AlV strain.
Despite the research, there’s a gap in understanding the specific sequence
analysis of the virus strain of interest, whereby the viral natural host or reservoir
was a duck as opposed to the experiments performed using chickens. Therefore
our study focuses on a detailed analysis of haemagglutinin (HA), neuraminidase
(NA), and matrix (M) genes of the AlIV Malaysian isolate upon direct sequencing
through primer walking, whereby the comparison with human AIV amino acid
signatures was also included in the analysis to compare the inter-species
relation, zoonotic potentials and antiviral resistance. The purpose of focusing on
these two genes, HA and NA, is because of their significant roles in viral
replication and as “antigenic determinants”, which make them the most relevant
for studies of evolution and disease, as well as for categorization purposes. While
the M gene is known as a is highly conserved gene among influenza A viruses.



The objectives of this research were:

1.

To propagate and determine infectivity of the LPAI H5N2 virus isolated
from duck in Specified-Pathogen-Free (SPF) chicken eggs.

To amplify the HA, NA and M genes of AlV by using different sets of
gene-specific primer and polymerase chain reaction approaches.

To characterize and analyse the sequences obtained through molecular
analysis and phylogenetic investigation.
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