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Swine influenza cause by influenza A virus, is the one of the most important zoonotic disease of pigs. Swine
influenza virus (SIV) infection in pigs causes both economic loss in pig production and public health problem. SIVs subtypes
HIN1, HIN2 and H3N2 cause respiratory disease in pigs worldwide. The objectives of this thesis were to determine the
dynamic of swine influenza virus subtypes circulation in a pig farm in 2017-2018 and to monitor genetic diversity of swine
influenza virus in a pig farm. During January 2017 to November 2018, the nasal swab samples (n=436) and blood samples
(n=436) were collected from 4-10 weeks-old pigs from a pig farm. For influenza A virus detection, the nasal swabs were
tested for influenza A virus by real-time RT-PCR. Our result showed that 38.76% (169/436) were positive and suspected for
influenza A virus. Subsequently, 13.07% (57/436) could be isolated for influenza A virus. For serological test, 37.23%
(140/436), 18.35% (69/436) and 27.13% (102/436) of pigs had antibodies against SIV-H3N2, SIV-HIN1 and pdmH1N1 viruses,
respectively. For SIV characterization, 24 SIVs were characterized by whole genome sequencing using next-generation
sequencing. Our result showed that SIVs can be subtyped as SIV-HIN1 (n=18) and SIV-H3N2 (n=6). The SIV-HIN1 can be
classified into 2 genotypes,fHIN1 (pdm+2) and rHIN1 (pdm+1), and SIV-H3N2 can be classified into 1 genotype, rH3N2
(pdm+2). Genotype rHIN1 (pdm+2) contained HA and NA genes from endemic Thai SIV-H1IN1, and internal genes from
pandemic HIN1-2009. Genotype rHIN1 (pdm+1) contained HA gene from endemic HIN1, while NA and internal genes from
pandemic HIN1-2009. Genotype rH3N2 (pdm+2) contained HA and NA genes from human-like swine from endemic Thai-
SIV and the internal genes from pandemic HIN1-2009. It is noted that genotype rHIN1 (pdm+1) is the novel genotype
which never been reported in Thailand. While the rHIN1 (pdm+2) and rH3N3 (pdm+2) were previously observed in
Thailand. The results of genetic analysis showed that SIVs in this thesis possessed most human-like characteristics and
some avian-like characteristics. Base on our result, it could be speculated that pandemic HIN1-2009 was circulating in a
pig farm for a period of time, Thus, zoonotic and reverse zoonotic infection between workers and pigs in the pig farm is
common. Thus, monitoring of SIVs in pigs and workers is important and should be routinely conducted. Good practice and
management in pig farm including personal hygiene and personal protective equipment (PPE) should be practiced and

used in the farm for prevention and control of influenza virus transmission in pigs and humans.
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Chapter 1

introduction

1.1 Importance and Rationale

Swine influenza, caused by influenza A virus, is one of the most important
zoonotic diseases of pigs. Influenza A virus is an enveloped, negative sense, single-
stranded RNA virus which contains eight gene segments (PB2, PB1, PA, HA, NP, NA, M
and NS genes). Recently influenza A virus has been named to Alphainfluenzavirus
(Smith et al., 2017; King et al., 2018). Influenza A virus can be classified into different
subtypes based on surface proteins, hemagglutinin (HA) and neuraminidase (NA).
Currently, there are 18 HA and 11 NA subtypes of influenza viruses which recent

influenza subtype H18N11 was reported in bats in 2013 (Wu et al., 2014).

It has been known that there are two evolution mechanisms of influenza
viruses, genetic drift and genetic shift. For genetic drift, the viral RNA polymerase is lack
of proofreading activity. Thus, during viral replication, viral genomes could change or
mutate (Shao et al., 2017). Due to the minor changes in viral gene especially HA and
NA genes. The viruses can then escape from host immunity. For genetic shift or genetic
reassortment, the host cell is infected by two or more different influenza A viruses and
the viral genes are then exchange during viral replication (Webster et al., 1982; Kim et
al,, 2018). Pig is considered as a mixing vessel of the influenza viruses because it is
susceptible to both avian and human influenza viruses. Thus, pig is a potential host to
contribute suitable environment for the reassortment of influenza A virus and possibly
generate novel influenza viruses (Kuntz-Simon and Madec, 2009). Due to the major
changes in viral genes, the influenza viruses can then escape from host immunity and

sometime more virulence causing major influenza outbreaks.

Swine influenza viruses (SIVs) cause respiratory disease in pigs worldwide. The

SIV subtypes circulating in pigs are HIN1, H3N2 and HINZ2. In Thailand, SIV-HIN1 and



SIV-H3N2 were first reported in the 1970s (Schultz-Cherry et al., 2013). In 2005, SIV-
HIN2 was reported in pig farms (Chutinimitkul et al., 2008). Previous study reported
that genetic constellation of Thai SIV-HIN1 contained HA gene from Classical swine
lineage and seven genes from Eurasian swine lineage (designated as 7+1) or HA and NS
genes from Classical swine lineage and six genes from Eurasian swine lineage
(designated as 6+2) (Kitikoon et al., 2011; Nonthabenjawan et al., 2015). For SIV-H3N2,
the genetic constellation of SIV-H3N2 showed that HA and NA genes are originated
from human lineage and other internal genes are originated form Eurasian (PB1, PB2,
PA and M genes) and Classical swine lineages (NP and NS genes) (Vincent et al., 2014).
For SIV-HINZ2, the genetic constellation of SIV-HIN2 combine Thai SIV-H3N2 and Thai
SIV-HIN1. Thus, SIV-HIN2 contains NA gene from human lineage, two segments (HA
and NS) from Classical swine lineage and other five internal genes (PB2, PB1, PA, NP
and M) from Eurasian swine lineage (Nonthabenjawan et al., 2015). It is important to
note that after the introduction of pandemic influenza HIN1-2009 (pdmH1N1-2009),
most SIV viruses were reassorted with pdmH1N1-2009 which containing triple
reassortment internal genes (TRIG) from pdmH1N1-2009. Many studies reported that
the reassortant SIVs with pdmH1N1-2009 became predominant SIVs in pigs in Thailand
(Charoenvisal et al., 2013; Dee, 2005; Hiromoto et al., 2012). Due to the novel SIV
reassortants could be found in pig farms, routine genetic monitoring of SIVs in pig farms
is important. In this thesis, longitudinal survey of SIV subtypes circulating in a pig farm
with history of endemic swine influenza virus infection was conducted. Moreover,

evidence of genetic reassortment of SIVs in the pig farm was provided.

1.2 Research questions

1. What are the dynamics of swine influenza viruses and subtypes circulating in a
pig farm with history of endemic swine influenza virus infection in 2017-2018?
2. What are the evidences of genetic reassortment of swine influenza viruses

isolated from a swine influenza endemic pig farm in 2017-2018?



1.3 Objectives of study

« To determine the dynamic of swine influenza virus subtypes circulating in a pig
farm in 2017-2018
« To monitor the genetic diversity of swine influenza viruses isolated from a swine

influenza endemic pig farm in 2017-2018

1.4 Hypothesis

Several subtypes of swine influenza viruses are circulating in a pig farm with
history of endemic swine influenza virus infection. Genetic diversity and reassortment

of swine influenza viruses could be observed in this pig farm.



Chapter 2
Literature Review

2.1 Influenza A virus (IVA)

Influenza virus, a single-stranded RNA virus, belongs to the family
Orthomyxoviridae. Influenza virus contains eight gene segments; PB2 (polymerase
basic2), PB1 (polymerase basicl), PA (polymerase acidic), HA (hemagglutinin), NP
(nucleoprotein), NA (neuraminidase), M (matrix protein) and NS (non-structural protein).
Influenza virus can be classified into four major types; A, B, C and D. Recently, four
major types of influenza viruses are named as Alphainfluenzavirus, Betainfluenzavirus,
Gammainfluenzavirus and Deltainfluenzavirus, respectively (King et al., 2018). influenza
A and B viruses cause epidemic or seasonal influenza. Influenza C virus causes mild
respiratory clinical signs, while influenza D virus cause disease in cattle, but not found
in human (Ferguson et al.,, 2016). Among 4 types, influenza A virus is the most
important pathogen and reported in birds and mammals. Influenza A virus can be
classified into different subtypes by HA and NA proteins. There are 18 HA and 11 NA
subtypes, which H18N11 was recently reported in bats in 2013 (Wu et al., 2014)

2.2 Swine Influenza virus (SIV)

Swine influenza viruses (SIV) cause respiratory disease in pigs worldwide. The
SIV subtypes circulating in pigs are HIN1, H3N2 and HIN2. Swine influenza virus can
evolve in two difference mechanisms, genetic shift and genetic drift. For genetic drift,
this mechanism is small mutation of genes. Genetic drift occurs continually over time
during viral replication by a lack of proofreading activity in viral RNA polymerase. After
influenza virus goes through genetic drift many times, the virus is not recognized by
host immunity. Another mechanism is genetic shift or genetic reassortment, and this
mechanism is a major change of influenza viruses. First host cells are infected by two
or more influenza viruses. Then, the viral genes are exchanged or reassorted during

replication process resulting in new HA and NA of influenza virus. Novel influenza



viruses can sometime infect or spread across species and/or cause major influenza

outbreaks (Smith et al., 2009).

2.3 Epidemiology of swine influenza

Swine influenza is an important zoonotic disease and highly contagious viral
infection in pigs. Clinical signs of swine influenza in pigs are fever, coughing, sneezing,
depression, nasal or ocular discharge, eye redness or inflammation, and decrease or
stop feeding. Incubation period is 1-3 days and illness duration is about 4-7 days.
Economic impact from swine influenza is that the pigs decrease feeding and slow
weight gain resulting in an increase in the number of days to reach market weight.

Recently, the main subtypes of swine influenza are HIN1, HIN2 and H3N2.
There were many major influenza outbreaks related to the reassortment of swine
influenza. For example, the first outbreak of influenza virus is Spanish flu as human
HIN1 in 1918 (HIN1-1981) which later considered originated from swine origin influenza
viruses. The second outbreak is Asian pandemic in 1957, H2N2 influenza viruses were
generated from human HIN1 and avian H2N2. The third pandemic influenza virus is
Hong Kong flu in 1968 with influenza virus subtypes H3N2. The latest outbreak is
pandemic influenza HIN1 2009. Pandemic HIN1-2009 virus is the result of
reassortment of human, swine and avian influenza viruses.

Swine influenza viruses are evolved from a single genotype to more diverse
with more complex gene composition. The SIV-HIN1 was first isolated in North America
in 1930, called “Classical swine influenza virus (C-SIV)” and closely related to Spanish
flu (Vincent et al,, 2008). Subsequently, C-SIV was then found distribute in North
America, Europe and Asia. In 1979, avian-like SIV-HIN1 with all avian lineage genes was
entered in pig population and replaced C-SIV genotype, called “Eurasian avian-like
swine influenza virus (EA-SIV)” (Scholtissek et al., 1983). After Hong Kong flu pandemic
outbreak in the 1970s, human-like H3N2 virus was introduced in European pig

population. Thus, avian-like SIV-HIN1 and human-like SIV-H3N2 were reassorted and



contributed a new virus consist of human-like genes (H3 and N2 gene) and 6 avian-like
internal genes (Campitelli et al.,, 1997). In the 1990s, The SIV-H3N2 with avian-like
internal genes reassorted with human HIN1 viruses and contributed SIV-HIN2 consist
of human gene (HA gene), human-like gene (NA gene) and avian-like internal genes
(Brown et al., 1998). In the 2000s, SIV-HIN1, HIN2 and H3N2 SIV were co-circulating in
Europe and Asia.

In the 1990s, human H3N2 viruses were introduced in pig population in North
America resulting in the reassortment between C-SIV-HIN1 and human H3N2 called
“triple-reassortants H3N2”. The triple-reassortant SIV-H3N2 contain genes originated
from avian-lineage (PB2 and PA gene), human-lineage (HA, NA and PB1 genes) and C-
SIV lineage (NP, M and NS genes) (Zhou et al., 1999; Vincent et al., 2008). The genetic
constellation of triple reassortant SIV-H3N2 is referred to as the triple-reassortant

internal gene (TRIG) cassette. (Karasin et al., 2002).

2.4 Epidemiology of swine influenza in Thailand

In Thailand, SIV-HIN1 and SIV-H3N2 were first reported in the 1970s (Schultz-
Cherry et al, 2013). In 2005, SIV-HIN2 was reported in pig farms in Thailand
(Chutinimitkul et al., 2008). For Thai SIV-HIN1, the genetic constellation of the virus
contains HA from Classical swine lineage and seven genes from Eurasian swine lineage
(7+1) or HA and NS gene from Classical swine lineage and six genes from Eurasian swine
lineage (6+2) (Kitikoon et al., 2011; Nonthabenjawan et al., 2015). For Thai SIV-HIN2,
the genetic constellation of SIV-HIN2 contains Thai SIV-H3N2 and Thai SIV-HIN1. Thus,
SIV-HIN2 contains NA gene from human lineages, two genes (HA and NS) from Classical
swine lineage and other five internal genes (PB2, PB1, PA, NP and M) from Eurasian
swine lineage (Nonthabenjawan et al., 2015).

In 2009, the pandemic outbreak of pandemic influenza HIN1-2009 (pdmH1N1-
2009) viruses were reported. pdmH1IN1-2009 virus has unique genome which the

reassortment of between triple-reassortment SIVs from North American lineage and



avian-like SIV from Eurasian lineage. The genetic constellation of pdmHIN1-2009
contains with six gene segments (PB2, PB, PA, HA, NP and NS) originated from triple-
reassortment of North America lineage and the M and NA genes originate from Eurasian
lineage (Dawood et al., 2009). Subsequently, pdmH1N1-2009 virus was introduced into
pigs and domestic animals worldwide (Howden et al., 2009; Howard et al., 2011; Lin et
al., 2012). Reassortment of pdmH1N1-2009 and predominant endemic SIVs in the areas
was documented in many countries. For example, in China, reassortant SIV-HIN1 (rSIV-
H1N1) contains HA gene from EA-lineage, NA and internal genes (TRIG) from pdmH1N1-
2009 (Vijaykrishna et al., 2010). Reassortant SIV-H3N2 (rSIV-H3N2) consists of HA and NA
genes of human-like SIV-HIN1 and the internal genes of pdmH1N1-2009 (Lin et al,
2012). In USA, reassortment of pdmH1N1-2009 and other SIV subtypes contribute to
new reassortant SIV-HIN1 and SIV-H3N2 (Ducatez et al., 2011b; Kitikoon et al., 2012).
In Europe, reassortant SIV-HIN1 consists of NA gene from the endemic SIV and the
other genes from pdmH1N1-2009. Reassortant SIV-HIN2 contains HA and NA genes
from human-like SIV and the other six genes from pdmH1N1-2009 (Howard et al., 2011,
Moreno et al,, 2011). In Thailand, the genetic constellation of reassortant SIV-HIN1
consists of NA gene from EA-lineage and the other seven genes from pdmH1N1-2009
(Kitikoon et al., 2011). The other reassortant SIV-HIN1 contains HA gene from Classical
swine lineage, NA gene from Eurasian swine lineage and the other six genes from
pdmH1N1-2009 (Nonthabenjawan et al., 2015). For reassortant SIV-H3N2, HA and NA
genes are originated from human-like SIV and the other six genes are from pdmH1N1-
2009 (Hiromoto et al., 2012; Nonthabenjawan et al., 2015). For reassortant SIV-HIN2,
the virus contains NA gene from human-like virus and the other seven genes from

pdmH1N1-2009 (Nonthabenjawan et al., 2015).



2.5 Genetic characterization of swine influenza

Genetic characterization of swine influenza virus can be conducted by using
gene or whole genome sequencing. To generate the nucleotide sequences, there are
several sequencing techniques. For example, Sanger sequencing is a conventional
sequencing technique. While next generation sequencing is a new and up to date

sequencing technique.

In the 1970s, Sanger sequencing was described. Sanger sequencing is known as
the dideoxynucleotide method or the sequencing by synthesis method. This technique
uses chemically modified nucleotides call “dideoxy-nucleotide dNTPs (ddNTPs)”
which inhibit nucleotide elongation. Then, DNA fragments are ended by a ddNTPs with
different sizes. The fragments are separated by using electrophoresis and the bands of
DNA fragments can be visualized by an imaging system. In the 2000s, new generation
sequencing (NGS) is introduced and overcome Sanger sequencing. The basic principle
of NGS is generating of millions of short nucleotide sequences in single run. NGS is new
DNA sequencing technique, high throughout and provides large scale nucleotide
sequence data. The difference between Sanger sequencing and NGS is sequencing
volume. The Sanger method can sequence a single DNA fragment at a time, but NGS
can sequence millions of fragments per run. Thus, NGS can generate large scale data,

which can detect novel or variant genomes.

NGS has 3 major sequencing platforms consists of 1) Roche (454) sequencer, 2)
Illumina genome analyzer and 3) SOLID sequencer. Roche (454) sequencer using
pyrosequencing concept which based on the detection of pyrophosphate released
after new synthetic DNA strand. The DNA sequences are ligated with adaptor and
amplified by emulsion PCR on the surfaces of hundreds of thousands of agarose beads.
Millions of oligomers attach on surface of these beads. The beads are transferred to
picotiter plate (PTP) and pyrosequencing method. lon torrent sequencer has same

principle with 454 pyrosequencing, but it does not use fluorescent labeled



nucleotides. This method based on the detection hydrogen ion released during
sequencing. SOLID sequencer (Sequencing by Oligo Ligation and Detection) uses
catalyzing by DNA ligase for sequencing DNA. This platform starts from attaching
adaptors to DNA fragments and fixing on beads, then amplification by emulsion PCR.
These beads are transferred on glass slide and sequencing by using 8-mer with
fluorescent label end are ligating to DNA fragment and release color. [llumina genome
analyzer uses the principle of sequencing by synthesis. This platform starts from
lisation adaptor to DNA fragments, attachment these fragments to glass flow cell for
amplification by bridge PCR, and the sequencing by synthesis is applied. Surface of
flow cells are attached with oligomer complementary to specific adaptor. After that,
millions of short amplicons are synthesized, and large scale of nucleotide sequence

are generated and analyzed.

Post-sequencing, there are two approaches for analyzing read data. If reference
genome is available, the read data can be mapped to the reference genome. This
method could not apply for searching or identifying novel genes or sequences, but it
can provide rapid information regarding to substitutions, deletions, insertions of
nucleotide sequences. On the other hand, if reference genome is not available,
sequence read could be assembled by using de-novo algorithms which finding
overlapping between sequence reads and leading to sequence contigs. This approach

can help discovery of novel gene and small sequence variants.
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Chapter 3
Materials and Methods
This thesis consists of 3 study phases including: phase 1. Sample collection
from a swine influenza virus endemic pig farm, phase 2. Viral detection, isolation and
serological test for swine influenza viruses and phase 3. Genetic characterization of
swine influenza viruses isolated from SIV endemic pig farm. The conceptual framework

of this study is shown in Figure 1.



Title: Longitudinal survey of swine influenza virus infection in a pig farm in Thailand, 2017-2018

Phase 1 : Sample collection from a swine influenza viruses endemic pig farm

Sample collection
® Swine farm with history of SIV infection
® Piglets and nursery pigs
® 20 samples/month (2017-2018)
Nasal swab samples Blood samples
(n = 436) ) (n = 436)

Phase 2 : Viral detection, isolation and serological test for swine influenza viruses

Nasal swab samples Blood samples
Screening test Serological test
(n = 436) (n = 436)
l - Real time RT-PCR (M gene) - HI test
(HIN1, H3N2 and pHIN1)

Virus isolation
HI titer
(n = 133)

- Egg inoculation

Phase 3 : Genetic characterization of SIVs isolated from SIV endemic pig farm

SIV selection
(n=24)
l - Amplification with Multiplex one-step RT-PCR

Whole genome sequencing
l - NGS : illumina sequencing

- CLC : Sequencing analysis

Phylogenic and genetic analysis

l - MEGA, Mr. Bayes

Genetic characteristics of SIVs

Outcomes

® Endemic swine influenza virus subtypes circulating in a selected Thai swine farm, 2017-2018

® Genetic characteristics and diversities of swine influenza viruses in Thailand, 2017-2018

Figure 1: Conceptual framework of this study.
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3.1 Phase 1. Sample collection from a swine influenza virus endemic pig farm

3.1.1 Pig farm selection

In this thesis a pig farm was selected based on a history of swine influenza virus
subtype HIN1, HIN2 and H3N2 infection in the farm. The selected pig farm is located
in Ratchaburi province. This pig farm is a large-scale pig farm with 1,600 sows and 2,000
piglet production per month. The farm has open-housing system with moderate
biosecurity which birds, dogs and cats can access to pig housing areas. In the previous
studies, this farm has been investigated for porcine respiratory and reproductive
syndrome viruses (PRRSV), porcine circovirus type 2 (PCV2) and swine influenza viruses
(SIV). The results from previous studies showed that 3 SIV subtypes (HIN1, H3N2 and

H1IN2) had been circulating in the farm (Nonthabenjawan et al., 2015).

3.1.2 Sample collection from a swine farm

Sample collection was conducted in the pig farm in Ratchaburi province during
January 2017 to November 2018. The samples were collected from 436 pigs including
nasal swab samples (n=436) and blood samples (n=436). The samples collection was
carried out every 4 months in 2017 and every month in 2018. In each visit, the samples
were collected from 30-34 pigs/visit (30-34 nasal swab and 30-34 blood samples). The
samples were collected from piglets and nursery pigs (4-10-week-old) with clinical signs
of swine influenza such as coughing, sneezing and nasal discharge (Table 1). The nasal
samples were placed in viral transport media (MEM with 7% BSA, 100 U/ml penicillin,
100 mg/ml streptomycin and 1 mg/ml trypsin). The samples were kept on ice and

transported to the laboratory within 24 hours.
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Table 1: Detail of nasal swabs and blood samples collected from piglets and nursery

pigs in this thesis

Year Month Age of pigs Number of pigs Number of Number of
nasal swabs blood samples

2017 Jan-17 4-10 weeks 30 30 30

Apr-17 4-10 weeks 30 30 30

Jun-17 4-10 weeks 30 30 30

Dec-17 4-10 weeks 30 30 30
2018 Feb-18 4-10 weeks 31 31 31

Mar-18 4-10 weeks 34 34 34

Apr-18 4-10 weeks 32 32 32

May-18 4-10 weeks 31 31 31

Jun-18 4-10 weeks 30 30 30

Jul-18 4-10 weeks 30 30 30

Aug-18 4-10 weeks 31 31 31

Sep-18 4-10 weeks 33 33 33

Oct-18 4-10 weeks 32 32 32

Nov-18 4-10 weeks 32 32 32

Total 436 436 436

3.2 Phase 2. Viral detection, isolation and serological test for swine influenza
viruses
3.2.1 Swine influenza virus detection

Viral RNA was extracted from all nasal swab samples (n=436) by GeneAll®
GENTI™ Viral DNA/RNA Extraction Kit (GeneAll®; Lisbon, Portugal) on a Genti™ *2
(GeneAll®; Lisbon, Portugal). In brief, the sample (200 p) was mixed with 600 pl of
buffer for lysis and adjusting solution. RNA was bond with magnetic beads in optimal
condition. Next step, the mixture was washing away contaminant three times. Final
step, RNA was eluted with elution buffer (50 pl). Finally, Purified RNA was kept at -20

QC until use.
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RNA samples were screened for influenza A virus by using one-step Real-time
RT-PCR with TagMan probe specific to Matrix gene (M gene). In this study, one-step
Real-time RT-PCR was performed by using SuperScript™ Il Platinum® One-Step
Quantitative RT-PCR System (Invitrogenw; California, USA). In detail, a 12.5 ul reaction
mixture consists of 6.25 ul of 2X Reaction Mix (Invitrogen™:; California, USA), 0.5 pl of
each primer (10 uM), 0.5 pl of probe (2.5 uM), 0.08 pl of 50mM MgSQ,, 0.25 pl of
SuperScript™ Il RT/Platinum™ Taq Mix (Invitrogen™, California, USA), 4 ul of RNA
samples and distilled water. The amplification process was performed with cycling
protocol 50 C for 15 minutes and 95 C for 2 minutes, follow by 50 cycles of 95 C for
15 sec and 60 C for 30 sec. The primers and probe sequences was designed following
the CDC protocol recommendation (Organization, 2009). The real-time RT-PCR
reactions were performed and analyzed on a Rotor-Gene 3000 (Corbett Research;
Sydney, Australia). Real-time RT-PCR result was interpreted by cycle threshold (Ct-
value) of < 36 as positive, Ct-value of 36-40 as suspect, and Ct-value of > 40 as

negative.

3.2.2 Swine influenza virus isolation by egg inoculation

In this study, the influenza A positive (n=82) and suspected (n=87) samples by
real-time RT-PCR were subjected to influenza A virus isolation by egg inoculation
following WHO recommendation (Organization, 2002). For egg inoculation, each nasal
swab sample was inoculated into 3 embryonated chicken eggs (9 to 11-day-old). The
eggs were clean with alcohol and betadine and punch a small hole over the air sac.
Sample supernatant (100 p) was injected into allantoic cavity. The inoculated eggs
were incubated in 37 °C for three days. Inoculated eggs with early death within 24
hours were discharged as contamination. After 72 hours inoculation, allantoic fluid was
collected and tested for hemagglutinin activity with hemagglutination test (HA test).
HA test was performed by using 0.5% suspension of turkey red blood cells. In detail,
first, 50 pl of PBS was filled in a 96-well V-bottom microtiter plate. 50 pl of allantoic
fluid was added to the first well and serially 2-fold diluted. The results of dilutions
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were range 1:2 to 1:16. Then 50 ul of 0.5% turkey erythrocyte was added to each well
and incubated at room temperature 30 minutes. For HA test interpretation, wells with
spreading for erythrocyte were positive. Wells with button of erythrocyte at bottom of
well were negative for hemagglutinating activity. The samples with HA titer of > 4 HA
unit per 50 pl were selected and subjected for further influenza A confirmation. For
virus confirmation, RNA of suspected and positive samples from 3.2.2 were extracted.
RNA samples were tested for influenza A virus by using one-step Real-time RT-PCR with

TagMan probe specific to Matrix gene (M gene) (Detail see 3.2.1).

3.2.3 Serological test for swine influenza virus

Blood samples were centrifuged at 3,000 rpm for 10 minutes to separate serum.
For Hemagglutination inhibitor test (HI test), the serum sample was incubated 30
minutes at 56 C for removing heat-labile non-specific factor. Then 100 pl of serum
sample and reference sample were treated to remove non-specific inhibitor and non-

specific hemagglutinin.

For HI test of H3N2 virus, receptor destroying enzyme (RDE) and absorption with
50% chicken red blood was used to treat serum. In detail, 50 pl of serum was mixed
with 150 pl of RDE and incubated overnight at 37 C to remove non-specific inhibitor.
For inactivating of RDE, the serum was incubated for 1 hour at 56 C. The RDE-treated
serum was mixed with 100 ul of 50% chicken erythrocyte and incubated at room
temperature for 1 hour for removing non-specific hemagglutinin. After centrifuging at
2000 rpm for 10 minutes, the supernatant was free from non-specific inhibit and non-

specific hemagglutinin serum.
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For HI test of HIN1 and pandemic HIN1, 20% of kaolin and absorption with
50% chicken red blood was used to treat serum. In detail, 100 pl of sera were mixed
with 400 pl of 20% kaolin and incubated at room temperature for 30 minutes to
remove non-specific inhibitor. For sedimentation of kaolin, the kaolin-treated serum
was centrifuged at 2000 rpm for 10 minutes. The serum was added with 100 ul of 50%
Chicken erythrocyte and incubated at room temperature for 1 hour for removing non-
specific hemagglutinin. After centrifuging at 2000 rpm for 10 minutes, the supernatant

was free from non-specific inhibitor and non-specific hemagglutinin serum.

In this thesis, reference antigens were endemic HIN1 (A/Swine/Thailand/CU-
CB1/06), pandemic H1N1-2009 (A/sw/Thailand/CU-RA29/2009) and endemic H3N2
(A/sw/Thailand/CU-CB8.4/2007). Reference antigen were prepared to 8 HA unit per 50
ul. First step of HI test, 50 pl of PBS was placed in a 96-well V-bottom microtiter plate.
50 pl of treated serum was mixed in the first well and serially 2-fold diluted. 50 ul of
reference serum was added in each well and incubated at room temperature for 45
minutes. 100 pl of 0.5% chicken erythrocyte was added into each well. After incubating
at room temperature for 1 hour, wells with button of erythrocyte of bottom were
interpreted as positive and wells with spreading for erythrocyte was interpreted as
negative. The samples with HI titer of > 1:40 were interpreted as positive against

specific SIVs subtypes.

3.3 Phase 3. Genetic characterization of swine influenza viruses isolated from
SIV endemic pig farm
3.3.1 Next generation sequencing

In this study, 24 SIVs were selected and subjected for whole genome
sequencing by next generation sequencing (NGS). The criteria of selection of SIVs for

whole genome sequencing are based on time of samples collection and high virus titer
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(low Ct-value). To perform NGS, first viral RNA from allantoic fluid was extracted (Detail
see 3.2.1). Then eight segments of influenza A virus were amplified by using one-step
RT-PCR with SuperScript® Ill RT-PCR system with Plantinum® Taq DNA polymerase
(Invitrogen™. California, USA) and MBT12 and MBT13 primers (Zhou et al., 2009). In
detail, a 50 pl reaction mixture consists of 1.6 mM of magnesium sulfate, 0.4 uM of
dNTP and 0.4 uM of each primer, 2 pl of SuperScript™ Il RT/Platinum™ Tag Mix
(Invitrogenw; California, USA), 5 pl of RNA samples and distilled water. The
amplification process was performed with cycling protocol 42 C for 60 minutes and 94
DC for 2 minutes, and then 5 cycles of 94 oC for 30 sec, 45 OC for 30 sec and 68°C for 3.30
minutes, followed by 35 cycles of 94 OC of 30 secs, 57 OC for 30 secs and 68 OC for 3.30
minutes. PCR products were confirmed by appearing multiple bands in electrophoresis
in 1.5% agarose gel. Then, products were purified by NucleoSpin® Gel and PCR Clean-
up (MACHEREY-NAGEL, Duren, Germany) followed manufacturer’s instruction. Purified
PCR products were quantified by NanoDrop™ (ThermoFisher Scientific, Waltham,
Massachusetts, USA) and submitted to Novogene co. LTD for illumine Hiseq PE150
(Illumina Corporation, San Diego, California, USA) by using NEBNext® Multiplex Oligos
for Ilumina® (New England Biolabs, Ipswich, Massachusetts, USA) to generate
sequencing libraries. Each nucleotide sequences contained 150 base pairs. To validate
and determine nucleotide sequences of eight gene segments of influenza A virus, the
following steps were conducted:

a) Each nucleotide sequence data (reads) was trim-reads to remove
adaptor. Then nucleotide sequences were assembly with de-novo
assembly method by CLC genomics workbench software Version 11.0.1.
(QIAGEN®; Hilden, Germany)

b) Results from de-novo assembly (contigs) were compared with sequence
database by BLAST at https://blast.ncbi.nlm.nih.gov.

c) References of influenza viruses were selected from BLAST results

d) Trimmed sequences were used for mapping reads to references and set

results of ¢) as references.
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e) The whole genome sequences were extracted to FASTA format (.fast)

by CLC genomics workbench software.

3.3.2 Phylogenetic analysis of whole genome sequences of swine influenza
viruses

The nucleotide sequences of each gene of the SIVs from this study were
compared with the reference SIVs. The reference nucleotide sequences of swine
influenza virus (n~50) were obtained from Influenza Research Database

(http://www.fludb.org). For HA1 gene, the reference viruses include the SIVs of Classical

swine lineage (1A), human seasonal lineage (1B) and Eurasian avian-like lineage (1Q). It
is noted that the Classical swine lineage (1A) can be further divided into 5 sub-clusters:
alpha (1A.1), beta (1A.2), gammal (1A.3.3.3). gamma 2 (1A.3.2) and pandemic 2009
(1A.3.3.2) (Anderson et al., 2016). For HA3 gene, the reference viruses include the SIVs
of North American (Clade |, Il, lll and IV), human seasonal lineage and Eurasian swine
lineage. The Clade IV of SIVs can be further divided into 6 sub-clusters: A-F. For NA1
gene, the reference viruses include the SIVs of Classical swine lineage, human seasonal
lineage, North American Triple reassortant and Eurasian avian-like lineage. For NA2
gene, the reference viruses include the SIVs of North American and Eurasian swine
lineages. The North American lineage can be further divided into 2 sub-groups base on
year: 1998 from earlier H3N2 introduction and 2002 from 2000s human seasonal H1
introduction. For other internal genes such as NA1 gene, internal genes, the reference
viruses include the SIVs of Classical swine lineage, human seasonal lineage, North

American triple reassortant and Eurasian avian-like lineage.

The nucleotide sequences of each gene of the viruses (both references viruses
and viruses form this study) were aligned with Muscle program v3.6 (Edgar, 2004) in
MEGA v7.0 software (Kumar et al.,, 2016). The flanking regions at 5 and 3’ end were


http://www.fludb.org/
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trimmed to present start and stop codon. In total, trimmed sequences of PB2, PB1, PA,
HA, NP, NA, M and NS genes were 2280, 2274, 2151, 1701, 1497, 1410, 982, 828 base
pairs, respectively. Then, the phylogenic trees of each gene were generated by
applying neighbor-joining method with Kimura-2 parameter model and 1000 replication
of bootstrap. Substitution rates among sites were set in uniform rate and gabs in the
sequences were treated in pairwise deletion. Nucleotide sequences of 8 gene

segments of swine influenza virus were submitted to the GenBank database.

3.3.3 Genetic constellation analysis of swine influenza viruses

From phylogenetic analysis, lineages or clusters of each gene of the virus were
assigned based on the comparison to reference viruses. After lineages or clusters of
gene are assigned, the combination of eight lineages or clusters were analyzed and
assigned as genetic constellation of swine influenza virus in Thailand. The analysis of
genetic constellation of the virus can be used to identify reassortment and genetic

diversity of the viruses.
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Chapter 4
Results

4.1 Sample collection from a swine farm

We conducted the sample collection at a swine farm in Ratchaburi province.
The swine farm had a history of endemic SIVs infection in the past five years. During
2017-2018, there were 14 visits for sample collection (every 3 months in 2017 and
every month in 2018). In each visit, we collected nasal swab (n~30) and blood samples
(n~30) from piglets and nursery pigs with influenza-like symptoms. In total, nasal swab

(n=436) and blood sample (n=436) were collected from 436 pigs (Table 1).

4.2 Detection, isolation and serological test for swine influenza viruses

4.2.1 Detection and isolation of swine influenza virus in a pig farm

During January 2017- November 2018, 436 nasal swab samples were
collected form piglets and nursery pigs in a pig farm. All samples were then tested
for influenza virus by using real-time RT-PCR. Our result showed that 18.81% (82/436)
and 19.95% (87/436) of samples were positive and suspected for IAV. In 2017, SIVs
could be detected all year round. In detail, 26.67% (8/30) of samples was IAV
positive in January 2017, 16.67% (5/30) in April 2017, 33.33% (10/30) in June 2017
and 26.67% (8/30) in December 2017. In 2018, SIVs could be detected in every
month of 2018, except March 2018. In detail, highest percentage of IAV positivity was
in April 2018 with 40.63% (13/32), followed by May 2018 (32.26%) and August 2018
(19.35%) (Table 2 and Figure 2).

Subsequently, 169 IAV positive and suspected samples were subjected to
virus isolation by egg inoculation. Our result showed that 57 influenza viruses
(13.07%) could be isolated (Table 2). Unfortunately. 112 out of 169 samples could

not be isolated for influenza viruses.
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Table 2: Influenza A virus detection and isolation from swine samples in this thesis

Month Species  Number of nasal IAV positive IAV suspected Total IAV
swab samples (% positive) (% suspected) isolated
viruses
Jan-17 Swine 30 8/30 (26.67%) 0/30 (0%) 7/30 (23.33%)
Apr-17 Swine 30 5/30 (16.67%) 0/30 (0%) 4/30 (13.33%)
Jun-17 Swine 30 10/30 (33.33%) 7/30 (23.33%) 11/30 (36.67%)
Dec-17 Swine 30 8/30 (26.67%) 10/30 (33.33%) 3/30 (10%)
Feb-18 Swine 31 1/31 (3.23%) 3/31 (9.68%) 0/31 (0%)
Mar-18 Swine 34 0/34 (0%) 3/34 (8.82%) 0/34 (0%)
Apr-18 Swine 32 13/32 (40.63%) 5/32 (15.63%) 14/32 (43.75%)
May-18 Swine 31 10/31 (32.26%) 11/31 (35.48%) 2/31 (6.45%)
Jun-18 Swine 30 3/30 (10%) 8/30 (26.67%) 2/30 (6.67%)
Jul-18 Swine 30 4/30 (13.33%) 9/30 (30%) 1/30 (3.33%)
Aug-18 Swine 31 6/31 (19.35%) 7/31 (22.58%) 1/31 (3.23%)
Sep-18 Swine 33 3/33(9.09%) 9/33 (27.27%) 4/33 (12.12%)
Oct-18 Swine 32 5/32 (15.63%) 10/32 (31.25%) 5/32 (15.63%)
Nov-18 Swine 32 6/32 (18.75%) 5/32 (15.63%) 3/32 (9.38%)
Total 436 82/436 (18.81%) 87/436 (19.95%) 57/436 (13.07%)
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Figure 2: Occurrence of influenza A virus in a pig farm, by month.

4.2.2 Serological test of swine influenza virus

The serum samples were tested for antibody against influenza subtype H3N2,
HIN1 and pdmH1IN1. Our results showed that 32.11% (140/436), 15.83% (69/436) and
23.39% (102/436) of serum samples had antibody against SIV-H3N2, SIV-HIN1 and
pdmH1IN1 viruses, respectively. In detail, the HI titer against SIV-H3N2 (endemic Thai
SIV) in 2017 was highest in April 2017 (73.33%), followed by July 2017 (63.33%),
November 2017 (43.33%) and lowest in January 2017 (23.33%). In 2018, HI titer
against SIV-H3N2 was highest in September 2018 (51.52%) followed by July 2018
(43.33%). For SIV-HIN1, antibody titer against SIV-HIN1 in 2017 was highest in
November 2017 (16.67%), followed by April 2017 (10.00%) and lowest in January and
July (6.67%). In 2018, HI titer against SIV-HIN1 was highest in August 2018 with
29.03%, followed by April 2018 with 21.88%. For pdmH1N1, in 2017, HI titer against
pH1IN1 was highest in November 2017 (50.00%), followed by April 2017 with 13.33%

and July 2017 with 3.33% while no HI titer against pHIN1 in January 2017. In 2018, HI



titer against pdmH1N1 was highest in July 2018 (63.33%), followed by August 2018
(48.39%), May 2018 (38.71%) and March 2018 (38.24%) (Figure 3).
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Seropositivity of SIV-H3N2
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Figure 3: Percentage of HI positive samples (HI titer) against SIV-H3N2, SIV-HIN1 and

pandemicH1N1-2009, by month.
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4.3 Genetic characterization of swine influenza virus

24 out of 57 swine influenza viruses were selected for whole genome
sequencing. The SIVs were selected based on time of sample collection (month) and
viral titer. Whole genome sequencing was conducted by Next Generation Sequencing
(NGS). The nucleotide sequences from NGS of each virus were validated and analyzed
by CLC 11.0.1 software. In this study, the total reads of nucleotides sequences
available from NGS were ranging from 6,975,414 to 13,798,830 reads. Number of
sequences read mapped to references for each gene of the SIVs are provided in Table

3.

To identify subtype of swine influenza viruses, nucleotide sequences of HA and
NA genes were compared with nucleotide sequences in the NCBI database by using
BLAST program. Our result showed that 24 SIVs could be identified as SIV subtype
HIN1 (n=18) and H3N2 (n=6) (Table 4). For genetic characterization, nucleotide
sequences of each gene of 24 SIVs were subjected to phylogenetic analysis with those
of reference influenza viruses. From phylogenetic trees, the lineages or sub-lineages of

each gene of the viruses could be identified.
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Table 4: Description of 24 SIVs characterized by whole genome sequencing in this
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thesis.

Virus Subtype Year Host Age GenBank No.
528 NRU3732 rHIN1 (pdm+2) Jan-17 Swine 4 weeks MT378014-21
529 NRU 3743 rHIN1(pdm+2) Jan-17 Swine 6 weeks MT378022-29
S1 NRU3759 rHINT (pdm+2) Apr-17 Swine 4 weeks MT378030-37
S2 NRU3764 rtHIN1 (pdm+2) Apr-17 Swine 6 weeks MT378038-45
S3 NRU3770 rtHINT (pdm+2) Apr-17 Swine 6 weeks MT378046-53
S5 NRU3802 rHIN1 (pdm+1) Jun-17 Swine 6 weeks MT378086-93
S8 NRU3793 rHIN1 (pdm+2) Jun-17 Swine 4 weeks MT378062-69
S9 NRU3798 rHIN1 (pdm+1) Jun-17 Swine 4 weeks MT378078-85
S10 NRU3803 rHIN1 (pdm+1) Jun-17 Swine 6 weeks MT378094-101
S14 SF21299 rHIN1 (pdm+1) Apr-18 Swine 6 weeks MT377918-25
515 SF21304 rtHIN1 (pdm+1) Apr-18 Swine 10 weeks ~ MT377942-49
S19 SF21626 rHIN1 (pdm+1) Jun-18 Swine 6 weeks MT377950-57
S23 SF21630 rtHIN1 (pdm+1) Junl8 Swine 8 weeks MT377958-65
S20 SF21970 rtHIN1 (pdm+1) Jul-18 Swine 6 weeks MT377966-73
S21 SF22117 rHIN1 (pdm+1) Aug-18 Swine 4 weeks MT377974-81
S24 SF22300 rHIN1 (pdm+1) Sep-18 Swine 10 weeks =~ MT377982-89
S26 SF22351 rtHIN1 (pdm+1) Oct-18 Swine 9 weeks MT377998-8005
S27 SF22630 rHIN1 (pdm+1) Nov-18 Swine 4 weeks MT378006-13
S4 NRU3794 rH3N2 (pdm+2) Jun-17 Swine 4 weeks MT378070-77
S6 NRU3816 rH3N2 (pdm+2) Jun-17 Swine 10 weeks ~ MT378102-09
S7 NRU3790 rH3N2 (pdm+2) Jun-17 Swine 4 weeks MT378054-61
S12 SF20218 rH3N2 (pdm+2) Nov-17 Swine 8 weeks MT377926-33
S13 SF20226 rH3N2 (pdm+2) Nov-17 Swine 12 weeks  MT377934-41
S25 SF22337 rH3N2 (pdm+2  Oct-18 Swine 6 weeks MT377990-97

rHIN1 (pdm+2): HIN1 SIVs genotypes contained HA gene from classical swine lineage, NA gene from

Eurasian avian-like lineage and internal genes from pandemic 2009-like

rHIN1 (pdm+1): HIN1 SIVs genotypes contained HA gene from classical swine lineage and other genes

from pandemic 2009-like

rH3N2 (pdm+2): H3N2 SIVs genotypes contained HA and NA genes from human-like swine lineage and

internal genes from pandemic 2009-like
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Phylogenetic analysis of HA1

In this study, 18 SIV-HIN1 were included in the phylogenetic analysis. To
genetically characterize the HAl gene of the SIV-HIN1, phylogenetic tree was
constructed by comparing 18 SIV-HIN1 in this thesis to 125 references viruses. The
reference of HA1 gene included 3 major lineages including Classical swine lineage (CS;
1A), Human seasonal linage (Hu; 1B), Eurasian avian-like swine lineage (EA; 1C), and 5
sub-clusters from Classical swine lineage (1A): alpha (1A.1), beta (1A.2), gammal
(1A.3.3.3), scamma2 (1A.3.2) and pHIN1 (1A.3.3.2). Phylogenetic tree of HAl gene
showed that all SIV-H1N1s in this thesis were clustered with alpha sub-lineage (1A.1.2)
of the classical swine lineage (Figure 4). It should be noted that the alpha sub-lineage

(1A.1.2) is common linage of HA1 gene of endemic swine influenza viruses in Thailand.

Phylogenetic analysis of NA1

In this study, 18 SIV-HIN1 were included in the phylogenetic analysis. To
genetically characterize the NAl gene of the SIV-HIN1, phylogenetic tree was
constructed by comparing 18 SIV-HIN1 in this thesis to 70 references viruses. The
reference of NA1 gene included 4 major lineages including Classical swine lineage (CS),
Eurasian avian-like lineage (EA), Human seasonal linage (Hu) and pandemicH1N1-2009
(pdm09). Phylogenetic analysis result of NA1 gene showed that NA1 genes of 6 SIV-
HIN1s were clustered with Eurasian avian-like swine lineage and 10 SIV-HIN1s were
clustered with pandemic2009-HIN1 (Figure 5). It should be noted that the Eurasian
avian-like swine lineage is a common lineage of NA1 gene of endemic swine influenza

viruses in Thailand.

Phylogenetic analysis of HA3

In this study, 6 SIV-H3N2 were included in the phylogenetic analysis. To
genetically characterize the HA3 gene of the SIV-H3N2, phylogenetic tree was
constructed by comparing 6 SIV-H3N2 in this thesis to 142 references viruses. The

reference of HA3 gene included 2 major lineages; North American swine lineage and
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Eurasian swine lineage. The north American can be classified into 4 clades (clade |,
clade I, clade Il and clade IV). Phylogenetic analysis result of HA3 gene showed that
HA3 genes of all SIV-H3N2s in this thesis were clustered with Clade Il of North America
swine lineage, sub-cluster human seasonal-like. it is noted that sub-cluster human
seasonal-like lineage is a common cluster of endemic SIV-H3N2 in Thailand

(Chutinimitkul et al., 2008) (Figure 6).

Phylogenetic analysis of NA2

In this study, 6 SIV-H3N2 were included in the phylogenetic analysis. To
genetically characterize the NA2 gene, phylogenetic tree was constructed by
comparing 6 SIV-H3N2 in this thesis to 82 references viruses. The reference of NA2 gene
included 2 major lineages; North American swine lineage and Eurasian swine lineage.
North American swine lineage diversify to 2 sub-clusters; N2-1998 and N2-2002 lineage
which are originated from human seasonal influenza. Phylogenetic analysis result of
NA2 gene showed that NA2 genes of all SIV-H3N2s were clustered into sub-cluster

human seasonal-like lineage which common cluster of endemic Thai SIVs (Figure 7).

Phylogenetic analysis of PB2

In this study, to genetically characterize the PB2 gene of the SIV-HIN1 and SIV-
H3N2, phylogenetic tree was constructed by comparing 18 SIV-HIN1 and 6 SIV-H3N2
to 66 references viruses. The reference of PB2 gene included Classical swine lineage
(CS), Eurasian avian-like lineage (EA), North America triple reassortant (TR), human
seasonal (HU) and pandemic HIN1-2009 (pdm09). Phylogenetic analysis of PB2 gene
showed that PB2 genes of all SIV-HIN1s and SIV-H3N2s were clustered with pandemic
H1N1-2009 indicating SIVs in this thesis acquired internal gene PB2 (backbone) from
pH1IN1-2009 (Figure 8).

Phylogenetic analysis of PB1
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In this study, to genetically characterize the PB1 gene of the SIV-HIN1 and SIV-
H3N2, phylogenetic tree was constructed by comparing 18 SIV-HIN1 and 6 SIV-H3N2
to 84 references viruses. The reference of PB1 gene included Classical swine lineage
(CS), Eurasian avian-like lineage (EA), North America triple reassortant (TR), human
seasonal (HU) and pandemic HIN1-2009 (pdm09). Phylogenetic analysis of PB1 gene
showed that PB1 genes of all SIV-H1IN1s and SIV-H3N2s were clustered with pandemic
H1N1-2009 indicating SIVs in this thesis acquired internal gene PB1 (backbone) from
pH1N1-2009 (Figure 9).

Phylogenetic analysis of PA

In this study, to genetically characterize the PA gene of the SIV-HIN1 and SIV-
H3N2, phylogenetic tree was constructed by comparing 18 SIV-HIN1 and 6 SIV-H3N2
to 80 references viruses. The reference of PA gene included Classical swine lineage
(CS), Eurasian avian-like lineage (EA), North America triple reassortant (TR), human
seasonal (HU) and pandemic HIN1-2009 (pdm09). Phylogenetic analysis of PA gene
showed that PA genes of all SIV-HIN1s and SIV-H3N2s were clustered with pandemic
H1IN1-2009 indicating SIVs in this thesis acquired internal gene PA (backbone) from

pH1N1-2009 (Figure 10).

Phylogenetic analysis of NP

In this study, to genetically characterize the NP gene of the SIV-HIN1 and SIV-
H3N2, phylogenetic tree was constructed by comparing 18 SIV-HIN1 and 6 SIV-H3N2
to 63 references viruses. The reference of NP gene included Classical swine lineage
(CS), Eurasian avian-like lineage (EA), North America triple reassortant (TR), human
seasonal (HU) and pandemic HIN1-2009 (pdm09). Phylogenetic analysis of NP gene
showed that NP genes of all SIV-HIN1s and SIV-H3N2s were clustered with pandemic
HIN1-2009 indicating SIVs in this thesis acquired internal gene NP (backbone) from
pH1N1-2009 (Figure 11).



33

Phylogenetic analysis of M

In this study, to genetically characterize the M gene of the SIV-HIN1 and SIV-
H3N2, phylogenetic tree was constructed by comparing 18 SIV-HIN1 and 6 SIV-H3N2
to 78 references viruses. The reference of M gene included Classical swine lineage (CS),
Eurasian avian-like lineage (EA), North America triple reassortant (TR), human seasonal
(HU) and pandemic HIN1-2009 (pdm09). Phylogenetic analysis of M gene showed that
M genes of all SIV-HIN1s and SIV-H3N2s were clustered with pandemic H1N1-2009
indicating SIVs in this thesis acquired internal gene M (backbone) from pH1N1-2009
(Figure 12).

Phylogenetic analysis of NS

In this study, to genetically characterize the NS gene of the SIV-HIN1 and SIV-
H3N2, phylogenetic tree was constructed by comparing 18 SIV-HIN1 and 6 SIV-H3N2
to 67 references viruses. The reference of NS gene included Classical swine lineage
(CS), Eurasian avian-like lineage (EA), North America triple reassortant (TR), human
seasonal (HU) and pandemic HIN1-2009 (pdm09). Phylogenetic analysis of NS gene
showed that NS genes of all SIV-HIN1s and SIV-H3N2s were clustered with pandemic
H1N1-2009 indicating SIVs in this thesis acquired internal gene NS (backbone) from
pH1N1-2009 (Figure 13).

4.4 Genetic constellation analysis of swine influenza viruses

In this study, genetic constellations of swine influenza viruses were analyzed
based on whole genome sequences of the viruses. To identify genetic constellation of
the virus, the lineages or clusters of each gene of the virus were assigned based on
the comparison to the reference viruses. After lineages or clusters of each gene were
assigned, the combinations of eight lineages or clusters were analyzed and assigned as
genetic constellation of swine influenza virus. In this thesis, of 24 SIVs, we observed 3

genotypes (genetic constellation) of SIVs (Table 5 and 6, Figure 14 and 15) including
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- Reassort SIV-H1N1; the reassortment between pdmH1N1-2009 backbone (7
genes) and classical swine lineage (HA gene) [rHIN1 (pdm-+1)]

- Reassort SIV-HIN1; the reassortment between pdmH1N1-2009 backbone (6
genes), classical swine lineage (HA gene) and Eurasian avian-like swine
lineage (NA genes) [rtHIN1 (pdm+2)]

- Reassort SIV-H3N2; the reassortment between pdmH1N1-2009 backbone (6

genes) and 2 human-like swine lineages (HA and NA genes) [rH3N2 (pdm+2)]

In detail, the rHIN1 (pdm+1) contained HA1 from classical swine lineage (CS)
and the other 7 genes (NA and internal genes) from pandemic HIN1-2009 (pdm09).
The rHIN1 (pdm+2) contained HA1 gene originated from classical swine lineage (CS),
while NA1 gene originated from Eurasian avian-like swine lineage (EA). The 6 internal
genes originated from pandemic HIN1-2009 (pdm09). The rH3N2 contained HA3 and
NA2 genes from human-like swine lineage from Thai endemic SIVs and internal genes

from pandemic HIN1-2009 (pdm09).
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Figure 4: Phylogenetic tree of HA1 gene of the SIV-HIN1. The phylogenetic tree was
generated by the neighbor-joining method using MEGA v7.0 software. Bootstrap
analysis was analyzed with 1,000 replication and bootstrap of >70% are shown on
branches. Black squares and circles indicated SIV-HIN1 isolated in 2017 and 2018,

respectively.
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Figure 5: Phylogenetic tree of NA1 gene of the SIV-HIN1. The phylogenetic tree was
generated by the neighbor-joining method using MEGA v7.0 software. Bootstrap
analysis was analyzed with 1,000 replication and bootstrap of >70% are shown on
branches. Black squares and circles indicated SIV-HIN1 isolated in 2017 and 2018,
respectively. Difference lineages were indicated by difference colors. Yellow, green,
purple and blue line indicates pandemic2009-H1N1, Eurasian avian-like swine lineage,

classical swine lineage and human seasonal lineage, respectively.
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Figure 6: Phylogenetic tree of HA3 gene of the SIV-H3N2. The phylogenetic tree was

generated by the neighbor-joining method using MEGA v7.0 software. Bootstrap

analysis was analyzed with 1,000 replication and bootstrap of >70% are shown on

branches. Black squares and circles indicated SIV-H3N2 isolated in 2017 and 2018,

respectively.
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Figure 7: Phylogenetic tree of NA2 gene of the SIV-H3N2. The phylogenetic tree was

generated by the neighbor-joining method using MEGA v7.0 software. Bootstrap

analysis was analyzed with 1,000 replication and bootstrap of >70% are shown on

branches. Black squares and circles indicated SIV-H3N2 isolated in 2017 and 2018,

respectively.
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Figure 8: Phylogenetic tree of PB2 gene of the SIV-HIN1 and SIV-H3N2. The

phylogenetic tree was generated by the neighbor-joining method using MEGA v7.0
software. Bootstrap analysis was analyzed with 1,000 replication and bootstrap of
>70% are shown on branches. Black squares and circles indicated SIVs isolated in

2017 and 2018, respectively.
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Figure 9: Phylogenetic tree of PB1 gene of the SIV-HIN1 and SIV-H3N2. The

phylogenetic tree was generated by the neighbor-joining method using MEGA v7.0
software. Bootstrap analysis was analyzed with 1000 replication and bootstrap of
>70% are shown on branches. Black squares and circles indicated SIVs isolated in

2017 and 2018, respectively.



Alswina/ThailandiCU RA7S/2010|H1N1
Asswine/Thailand/CU RA15/2010|H1IN1
Almwine/Thadand!CU RA114/2010/HINT
Alswine/Thaland/CU RA42009HINT
Aswine/Thaland/CU RAS2009H1IN1
Alswine/Thaland/CU RA29/2008|H1N1
PA AlswineThailand/CU-S3631N201 2{HIN2
- Aswine/Thadand/CU-S3689N/2013|H3N2
Alswina/Thailand/CU-S3474N;2012|HIN2
Algwine/Thailand/CU-S3873N/20 12|H3N2
Alswine/Thailand/CU SA4122010|HINT

-|~ Algyine'Thailan¢/CU SA432/2010[HIN1
AMexicoInDRE4487/2008/HIN1
AlSingapore’KK068/2010H1N1
AMexicoMB0472000HINT

- AlNew York:36822010[H1N1

- Alswine/Hong KongWNS1810:2000HINT
AThatand/CU BS2008{HIN1
Asswine/Thailand!CU SA43/2010[H1IN1{2)
edl Armwine/Thadand/CU SAAV2010[HINT
AiCalifomiai042009HINT

ANonthaburiy 1022000 H1N1

- AVIenn@INS17072010/HIN1T
‘{Nswine-ﬂonq Kong28352009H1IN1

7

AlswinefHong Kong2836:2008{HIN1T
AlswinafHong Kong/2894/2009H1IN1
[-— Aswine/Thailand/CU CG45:201 1|H3N2
AlCalilomiaVRDL14/2010|HINA
2 A'swineiHong Kong/22982008HIN1 pdm2009-like
- ANew York/7480¢2010HIN1
— Atswine!T hailand/CU PLE52010/H1N1
Alswine/Thadand/CU-S3795N2013HINT
_w{Wna'rnanundmsmmzwm
W 59 NRU3798 PA
71! m 510 NRU3803 PA
W S5 NRU3802 PA
@ S24 SF22300 PA(HINY)
@ 520 SF21970 PA
@ 519 SF21626 PA
59 | @ S15 SF21304 PA
@ 523 SF21630 PA(HINT)
@ 514 SF21209 PA
=l @ 521 SF22117 PA
@ 576 SF22351 PAHINT)
941 @ 527 SF22630 PAHINT)
@ 525 SF22337 PAIHIN2)
W S8 NRUS7EI PA
W 52 NRU3764 PA
W 53 NRR3770 PA
L w51 NRUS7SO PA
W 528 NRU3732 PAHINT)
W 529 NRU3743 PAHIN1)
W S6NRU3B16 PA
B S12 SF20218 PA
W 513 SF20228 PA
WS4 NRU2704 PA
<7 | W 57 NRU3790 PA |
AlSwinailowa569/09|H3N2
Aswine/Korea/CY0S/2007|HIN2
AlswineHong Kong/NS6232002)H1N2  North American triple reassortment
AdsvenelGuang /13 2008|HIN2
Alswine/Hong Kong/201/2010HINT |
Aimall 1 6/1981|H2N1

—< Euwrasian aviandike
20

i gl C\:ssical swina

—99{——“ Human seasaan|
9

e
0.02




a5

Figure 10: Phylogenetic tree of PA gene of the SIV-HIN1 and SIV-H3N2. The

phylogenetic tree was generated by the neighbor-joining method using MEGA v7.0
software. Bootstrap analysis was analyzed with 1,000 replication and bootstrap of
>70% are shown on branches. Black squares and circles indicated SIVs isolated in

2017 and 2018, respectively.
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Figure 11: Phylogenetic tree of NP gene of the SIV-HIN1 and SIV-H3N2. The

phylogenetic tree was generated by the neighbor-joining method using MEGA v7.0
software. Bootstrap analysis was analyzed with 1,000 replication and bootstrap of
>70% are shown on branches. Black squares and circles indicated SIVs isolated in

2017 and 2018, respectively.
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Figure 12: Phylogenetic tree of M gene of the SIV-HIN1 and SIV-H3N2. The

phylogenetic tree was generated by the neighbor-joining method using MEGA v7.0
software. Bootstrap analysis was analyzed with 1,000 replication and bootstrap of
>70% are shown on branches. Black squares and circles indicated SIVs isolated in

2017 and 2018, respectively.
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784 A/swine/Thailand/CU RA29/2009|H1N1

Alswine/Thailand/CU RA9/2009|H1N1
Alswine/Thailand/CU RA114/2010|H1N1
;{Nswinel'l'hai\andﬂcu RA15/2010[H1N1
Alswine/Thailand/CU RA75/2010|H1N1
— Alswine/Thailand/CU S3073N/2011|H1N2
74/ M S12 SF20218 NS
. W 513 SF20226 NS
B S7 NRU3790 NS
s B S4NRU3794 NS
W S6 NRU3816 NS
Alswine/Thailand/CU S3629N/2012|H1N1
B | A/swine/Thailand/CU S3795N/2013|H1N1
Afswine/Thailand/CU S3631N/2012|H1N2
@ 525 SF22337 NS(H3N2)
B 528 NRU3732 NS(H1N1)
7 H S29 NRU3743 NS(H1N1)

— B S1NRU3759 NS
100

@ 52 NRU3764 NS
95 (I S3 NRU3T70 NS
M S8 NRU3793 NS
L Ajswine/Thailand/CU PL&5/2010/H1N1
Aswine/Thailand/CU SA412/2010[H1N1
+Afswmerrhai|and/cu SA432/2010HIN1
M S10 NRU3803 NS
M S5NRU3802 NS
M S9 NRU3798 NS
@ S14 SF21299 NS
100 || @ $15 SF21304 NS
@ 521 SF22117 NS
@ S20 SF21970 NS
o5 | @ S24 SF22300 NS(HIN1)
@ 519 SF21626 NS
@ 523 SF21630 NS(H1NT)
@ 526 SF22351 NS(HIN1)
@ 527 SF22630 NS(HIN1)

E--.— North American triple reassortant
100 | A/swine/Guangdong/01/2008|H1N1

Afswine/Guangdong/33/2006|H1N1

AlswinefTianjin/1/2004|H1N2
Afswine/Ratchaburi/NIAHB74/2005|H3N2

Afswine/Thailand/CU S3406N/2012|H1N1

0 Ajswine/Thailand/CU RA20/2009/H1N1

10
99! Alswine/Thailand/CU RA204/2010|H1N1

Afswine/Saraburi/NIAH13021/2005|H1N2
g4 | A/swine/Chonburi/NIAH9469/2004|H1N1
Afswine/Chonburi/NIAH977/2004|H1N1

100 Alswine/Thailand/CU PS73/2010/H1N1

Alswine/Thailand/CU Cbo/2009|H1N2
A/Thailand/271/2005|H1N1

78 Humanseasonal
93 Eurasian avian-like
100

0.05

100l a/maliard duck/ALB/31/1976|H3NS

pdm2009

Classical swine

Afmallard/ALB/201/1998|H1N1
Avian

50



51

Figure 13: Phylogenetic tree of NS gene of the SIV-HIN1 and SIV-H3N2. The

phylogenetic tree was generated by the neighbor-joining method using MEGA v7.0
software. Bootstrap analysis was analyzed with 1,000 replication and bootstrap of
>70% are shown on branches. Black squares and circles indicated SIVs isolated in

2017 and 2018, respectively.
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Table 5: Gene constellation of Thai HIN1 swine influenza viruses in this thesis

Gene segments

Isolate Genotype Date

PB2 PB1 PA HA NP NA M NS
NIAH587 HIN1(7+1) 2005 E E E @ E E E E
A/swine/Thailand/CU-PL65/2010 pdm 2010 pdm pdm pdm pdm pdm pdm pdm  pdm
A/swine/Thailand/CU-SA43/2010 rHIN1(7+1) 2010 pdm pdm pdm pdm  pdm E pdm  pdm
A/swine/Thailand/ CU-S3340N/2012 HIN1(6+2) 2012 E E E @ E E E C
A/swine/Thailand/ CU-S3629N/2012 rHIN1(pdm+2) 2013 pdm  pdm  pdm C pdm E pdm  pdm
528 rHIN1(pdm+2)  Jan-17 pdm  pdm  pdm @ pdm E pdm  pdm
S29 rHIN1(pdm+2) Jan-17 pdm  pdm  pdm @ pdm E pdm  pdm
S1 rHINL(pdm+2)  Apr-17 pdm  pdm  pdm @ pdm E pdm  pdm
S2 rHIN1(pdm+2)  Apr-17 pdm  pdm  pdm @ pdm E pdm  pdm
S3 rtHINL(pdm+2)  Apr-17 pdm  pdm  pdm @ pdm E pdm  pdm
S5 rHIN1(pdm+1)  Jul-17 pdm  pdm  pdm @ pdm pdm pdm  pdm
S8 rHIN1(pdm+2)  Jul-17 pdm  pdm  pdm @ pdm E pdm  pdm
S9 rHIN1(pdm+1)  Jul-17 pdm  pdm  pdm @ pdm pdm pdm  pdm
S10 rtHIN1(pdm+1)  Jul-17 pdm  pdm  pdm C pdm  pdm pdm  pdm
S14 rtHIN1(pdm+1)  Apr-18 pdm pdm  pdm C pdm pdm pdm  pdm
S15 rHIN1(pdm+1)  Apr-18 pdm  pdm  pdm @ pdm pdm pdm  pdm
S19 rtHIN1(pdm+1)  Jun-18 pdm  pdm  pdm C pdm  pdm pdm  pdm
S23 rHIN1(pdm+1)  Jun-18 pdm pdm  pdm C pdm  pdm pdm  pdm
S20 rtHIN1(pdm+1)  Jul-18 pdm  pdm  pdm @ pdm pdm pdm  pdm
S21 rHIN1(pdm+1)  Aug-18 pdm  pdm  pdm @ pdm pdm pdm  pdm
S24 rtHIN1(pdm+1)  Sep-18 pdm  pdm  pdm C pdm  pdm pdm  pdm
S26 rHIN1(pdm+1)  Oct-18 pdm  pdm  pdm @ pdm pdm pdm  pdm
S27 rHIN1(pdm+1)  Nov-18 pdm  pdm  pdm @ pdm pdm pdm  pdm

pdm: pandemic HIN1 2009-like, C: Classical swine lineage, E: Eurasian avian-like swine lineage



Pandemic HIN1 2009 rHIN

Classical swine lineage (pdm+1)
Eurasian avian-like lineage

Endemic HIN1
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(6+2)
rHIN1 (pdm+1)
n=3
NA and internal genes
HA gene
Endemic HINI OHINI et HINI (pdm+2)  THINL (pdm+1)
(7+1) (pdm+2) ne6 n=9

: AN | :

2009 2017 2018

Figure 14: schematic presentation of genetic constellation of SIV-HIN1s in this thesis

and endemic Thai SIVs from previous study. Oval represent the virus with 8 genes
segment. First line to eighth line indicate PB2, PB1, PA, HA, NP, NA, M and NS gene,

respectively. Yellow line indicated pandemic HIN1 2009 lineage (pdm09). Pink line

indicates classical swine lineage (CS) and green line indicate Eurasian avian-like swine

lineage (EA).



Table 6: Gene constellation of Thai H3N2 swine influenza viruses in this Thesis
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Gene segment

Isolate Genotype year

pPB2 PB1 PA HA NP NA M NS
A/swine/Thailand/KU5.1/2004 eH3N2 2004 BB B HO O RO B C
Aswine/Thailand/CU-S3673N/2012 rH3N2(pdm+2) 2013 pdm  pdm pdm Hu pdm Hu pdm pdm
sS4 rH3N2(pdm+2)  Jul-17 pdm pdm pdm Hu pdm Hu pdm pdm
S6 rH3N2(pdm+2)  Jul-17 pdm pdm pdm Hu pdm Hu pdm pdm
S7 rH3N2(pdm+2)  Jul-17 pdm pdm pdm Hu pdm Hu pdm pdm
S12 rH3N2(pdm+2)  Dec-17  pdm pdm pdm Hu pdm Hu pdm pdm
S13 rH3N2(pdm+2) Dec-17 pdm pdm pdm Hu pdm Hu pdm pdm
S25 rH3N2(pdm+2) Oct-1g  Pdm  pdm pdm  Hu pdm Hu pdm  pdm

pdm: pandemic HIN1 2009-like, C: classical swine lineage, E: Eurasian avian-like swine lineage, Hu: human-like swine

Pandemic HIN1 2009

Classical swine lineage

Eurasian avian-like lineage
B Human seasonal

endemic H3N2 pHIN1

rH3N2 (pdm+2)

rH3N2 (pdm+2)
n=5

rH3N2 (pdm+2)

n=1

2009

2017

2018

Figure 15: Schematic presentation of genetic constellation of SIV-H3N2s in this thesis

and endemic Thai SIVs from previous study. Oval represent the virus with 8 genes.

First line to eighth line indicate PB2, PB1, PA, HA, NP, NA, M and NS gene,

respectively. Grey line indicated pandemic HIN1 2009 lineage (pdm09). Pink line

indicates classical swine lineage (CS). Green line indicates Eurasian avian-like swine

lineage (EA) and blue line indicates human-like swine lineage.

A J
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4.5 Genetic analysis of swine influenza viruses

For HA1 genetic analysis, analysis of 5 antigenic sites of HA1 (Sa, Sb, Cal, Ca2
and Cb) showed that most SIVs in this thesis contain identical amino acids at
antigenic sites. For Genetic analysis of receptor binding sites (HA-190, 225, 226 and
228) (Connor et al., 1994), 17 out of 18 SIVs posed 190D suggesting preferential
binding to human receptor (2,6 sialic acid receptor). Expect one virus (S19) contain
E190 suggesting the virus prefer to bind avian receptor (2,3 sialic acid receptor) (Vines

et al., 1998) (Table 7).

For HA3 genetic analysis, analysis of 5 antigenic site of HA3 (A, B, C, D, and E)
showed that antigenic sites A (140-146, 156-161) and B (189-199) contained amino
acids substitution different from vaccine viruses. For receptor binding sites (HA3-190,
225, 226 and 228), all SIVs in this study posed 1226 and S228 suggesting preferential
binding to human receptor (Vines et al., 1998; Gao et al., 2009) (Table 8).

For genetic analysis of some internal genes (PB2, M and NS genes), all SIVs in
this study pose glutamic acid (E) at position 627 in PB2 (E627) which correlated with
less virulence of the viruses. While all SIVs contain aspartic acid (D) at position 701 in
PB2 (N701D) and position 92 in NS (E92D), which corelate to the increasing virulence
of the viruses (Hatta et al., 2001; Gao et al., 2009; Steel et al., 2009) (Table 9). For
genetic analysis of antiviral resistance in M gene at position M-31, all SIVs in this
study pose Asparagine (N) at position 31 (31N) suggesting the viral resistance to
Amantadine (Saito et al., 2003) (Table 9). On the other hand, genetic analysis of
antiviral resistance (Oseltamivir) in NA gene was performed (NA1-119, 275, 293, and
295 and NA2-146, 219, and 272). Our result showed that all SIVs in this study are
sensitive to Oseltamivir antiviral drug (For NA1; E119, H275, R293 and N295 and NA2;

N146, S219 and A272) (Table 10)
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Table 9: Genetic analysis of amino acid substitutions on PB2, M and NS genes

PB2 NS M2
Viruses Subtype

E627K N701D  E92D S31IN
S1 rtHIN1 (pdm+2) E D D N
S2 rtHIN1(pdm+2) E D D N
S3 rHIN1 (pdm+2) E D D N
S4 rH3N2 (pdm+2) E D D N
S5 rHIN1 (pdm+1) E D D N
S6 rH3N2 (pdm+2) E D D N
S7 rH3N2 (pdm+2) E D D N
S8 rHIN1 (pdm+2) E D D N
S9 rHIN1 (pdm-+1) E D D N
S10 rtHINT (pdm+1) E D D N
S12 rH3N2 (pdm+2) E D D N
S13 rH3N2 (pdm-+2) E D D N
S14 rHIN1 (pdm+1) E D D N
S15 rtHIN1 (pdm+1) E D D N
S19 rHIN1 (pdm+1) E D D N
S20 rHIN1 (pdm+1) E D D N
S21 rHIN1 (pdm-+1) E D D N
S23 rHIN1 (pdm-+1) E D D N
S24 rHIN1 (pdm+1) E D D N
S25 rH3N2 (pdm+2) E D D N
S26 rHIN1 (pdm+1) E D D N
S27 rtHIN1 (pdm+1) E D D N
528 rHIN1 (pdm+2) E D D N
S29 rtHIN1 (pdm+2) E D D N
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Table 10: Genetic analysis of amino acid substitution related to oseltamivir

resistances on NA gene

NA1 NA2
Viruses Subbype E119V H275Y R293K N295S N1deK  S219T A272V  245-248 deletion
S1 rHINT (pdm+2) E H R N
S2 rHIN1(pdm+2) E H R N
S3 rHINT (pdm+2) E H R N
Sa rH3N2 (pdm+2)
S5 rHINT (pdm+1) E H R
S6 rH3N2 (pdm+2)
S7 rH3N2 (pdm+2)
S8 rHINT (pdm+2) E H R
S9 rHIN1 (pdm+1) E H R
S10 rHIN1 (pdm+1) E H R
S12 rH3N2 (pdm+2)
S13 rH3N2 (pdm+2)
S14 rHINT (pdm+1) E H R
S15 rHIN1 (pdm+1) E H R
519 HINL (pdm+1)  E H R
S20 rHINT (pdm+1)  E H R
521 rHIN1 (pdm+1) E H R
S23 rHIN1 (pdm+1) E H R
S24 rHINT (pdm+1) E H R
S25 rH3N2 (pdm+2)
S26 rHIN1 (pdm+1) E H R
527 rHINT (pdm+1) E H R
528 rHINT (pdm+2) E H R
529 rHINT (pdm+2) E H R




Table 11: Pairwise comparison of HA1 gene of SIVs from this thesis with reference

SIVs

% Similarity

S

N 809

Q S o o

|\| o Q Q

s8] N =Z =z

(@] ) o L0

P~ < < (@)

(@] e (s8] N~

R B

) o < ) D D

Viruses Subtype S “ = o g g

g pamy © © © ©

~ o = e C C

=8 g S S S S

< T T T T T

.© & e c c c

€ = E £ E E

£ ] g & g g

8 S :  z 2 5

=

B B 2 B B
pdm  vaccine pdm rHINI eHIN1 rHIN1

HIN1 strain ~ HIN1 (pdm)  (CS) (CS)
S1 rHIN1 (pdm+2) 86.5 86.0 86.3 86.4 90.8 97.3
S2 rHIN1 (pdm+2) 86.6 86.1 86.4  86.4 90.8 97.4
S3 rHIN1 (pdm+2) 86.6 86.1 86.4  86.4 90.8 97.4
S5 rHIN1 (pdm+1) 86.8 86.1 86.5 86.5 90.9 97.7
S8 rHIN1 (pdm+2) 86.6 86.1 86.4  86.5 90.8 97.3
S9 rHIN1 (pdm+1) 86.8 86.1 86.5 86.5 90.9 97.7
S10 rHIN1 (pdm+1) 86.8 86.1 86.5 86.5 90.9 or.7
S14 rHIN1 (pdm+1) 86.8 86.2 86.6 86.5 90.9 97.5
S15 rHIN1 (pdm+1) 86.7 86.1 86.5 86.4 90.9 97.5
S19 rHIN1 (pdm+1) 86.7 86.1 86.5 86.4 90.6 97.3
520 rHIN1 (pdm+1) 86.8 86.2 86.6 86.5 90.8 97.4
S21 rHIN1 (pdm+1) 86.8 86.1 86.5 86.5 90.9 97.5
523 rHIN1 (pdm+1) 86.8 86.1 86.5 86.5 90.9 97.5
S24 rHIN1 (pdm+1) 86.8 86.1 86.5 86.5 90.7 97.3
526 rHIN1 (pdm+1) 86.8 86.2 86.5 86.5 90.8 97.5
S27 rHIN1 (pdm+1) 86.8 86.1 86.5 86.5 90.8 97.4
528 rHINT (pdm+2) 86.5 85.9 86.2 86.3 90.7 97.3

529 rHIN1 (pdm+2) 86.5 85.9 86.2 86.3 90.7 97.3




Table 12: Pairwise comparison of HA3 gene of SIVs from this thesis with reference

SIVs
% Similarity
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Vaccine
eH3N2  rH3N2 rH3N2
strain

Sa rH3N2 (pdm+2) 87.3 90.8 98.1 89.7
S6 rH3N2 (pdm+2) 87.3 90.8 98.1 89.7
S7 rH3N2 (pdm+2) 87.3 90.8 98.1 89.7
S12 rH3N2 (pdm+2) 87.1 90.5 97.6 89.2
S13 rH3N2 (pdm+2) 87.0 90.6 97.8 89.4
S25 rH3N2 (pdm+2) 87.6 89.2 88.9 96.4

Result of pairwise comparison of nucleotide sequences of HA1 gene of the
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SIVs by using BLAST search in the NCBI database showed that HA1 gene of SIVs from

this thesis was closely related to A/swine/Thailand/CU-S3795N/2013 (% nucleotide
identities was 97.3-97.7%). However, Thai SIVs has less nucleotide identities to
A/California/04/2009 (pandemic-H1N1-2009) with 86.5-86.8%, A/Michigan/45/2015
(vaccine strain) with 85.9-86.2%, A/swine/Thailand/NIAH107037 29/2011 (pandemic-
H1IN1-2009 in Thai swine) with 86.2-86.6%, A/swine/Thailand/CU_SA43/2010 (rH1N1
with HA originated from pandemic-H1N1-2009) with 86.3-86.5% and
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A/swine/Thailand/CU-S3340N/2012 (eHIN1 in this pig farm) with 90.6-90.9% (Table
11).

For HA3 gene, pairwise comparison of nucleotide sequences of HA3 gene of
the SIVs by using BLAST search in the NCBI database showed that five SIVs (54, S6, S7,
S12 and S13) have nucleotide identities similar to A/swine/Thailand/CU-
S14252N/2014 (97.6-98.1%). While one SIVs (525) has HA3 similar to similar
A/swine/Thailand/CU-514129N/2013 (96.4%). However, Thai SIVs from this thesis has
less nucleotide identities to A/Kansas/14/2017 with 87.0-87.6%,
A/swine/Thailand/PB486/2009 (eH3N2) with 89.2-90.8 (Table 12).



Chapter 5
Discussion

5.1 A longitudinal survey of swine influenza in a pig farm

We conducted a longitudinal study of swine influenza in a pig farm during
January 2017 until November 2018. The pig farm is located in Ratchaburi province
where considered as high-density pig production area in Thailand. The pig farm size
approximately 4000 pigs with 43 building as farm office, 32 pig housing and 10 worker
housing. The pig farm management type is a large-scale pig farm with open-house
system. The farm contains approximately 1,600 sow and produce 2,000 piglets per
month. The previous study on SIVs in this pig farm in 2015 showed that this pig farm
had been infected with SIVs and estimated prevalence of SIVs was 6.66%
(Nonthabenjawan et al., 2015). Comparing to previous study in 2015, the SIVs
prevalence in this study was 18.81% (during January 2017 — November 2018) which
was higher than previous report in 2015. The possible explanation is that this thesis
was more focusing on target sample collection on weaning pigs and piglets (4-10

weeks-old), thus higher SIVs positivity was observed.

5.2 Swine influenza viruses in a pig farm

5.2.1 Swine influenza viruses circulating in a pig farm

Longitudinal survey of SIV in a pig farm during January 2017 to November
2018 identified 2 subtypes of SIVs (SIV-HIN1 and SIV-H3N2). Comparing to the
previous study during 2000-2014, 3 SIV subtypes were identified which SIV-H1IN2
could not identified in this thesis. it is noted that SIV-HIN2 has lower prevalence
than SIV-HIN1 and SIV-H3N2 (Choi et al., 2002; Nonthabenjawan et al., 2015).
However, only 24 out of 54 SIVs were selected and characterized, thus there is a
possibility that SIV-HIN2 may not be selected or probably disappear from population

in this pig farm.
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5.2.2 Antibody against swine influenza virus in a pig farm

Antibody against HIN1, H3N2 and pdmH1N1 was observed in this pig farm. It is
noted that pig pose antibody against pdmH1IN1, even though the pdmH1N1 viruses
could not be identified in this pig farm. From previous study, is has been proved that
no cross-reaction between antibody against H1-SIV and H1 pandemic viruses (Sreta et
al.,, 2012). Thus, the HI titer result suggested that pigs in this farm were exposed to
HIN1, H3N2 and pdmH1N1.

Thai Meteorological Department mention winter season was started form
November until February, summer was between March to May and rainy season was
started from June until October (ThaiMeteorologicalDepartment, 2018). In this study,
2018, seasonal pattern was observed in occurrence of influenza A virus. there were 3
peaks of swine influenza in summer, rainy and winter season. For seropositivity of
SIV-H3N2, in 2018, 2 peaks of SIV-H3N2 were observed in late summer (May) and
rainy (September). For SIV-HIN1, in 2018, seropositivity had peak every season in
middle summer (April), middle rainy (August) and winter (November). For pHIN1, in
2018, 2 cycles of pandemic HIN1 were presented in summer, and rainy (July). There
were reports that prevalence of SIVs is low in summer and high in both rainy and
winter (Agrawal et al., 2010), but we found that prevalence of SIVs was higher in
summer. Follow Meteorological Department, in April 2018, temperature was lower
than normal range and amount of rain was increase. (ThaiMeteorologicalDepartment,
2018). Moreover, there were some reported that were some reports that peak of SIVs
were observed in summer (Kelly et al., 2013; Poljak et al.,, 2014). Thus, Swine
influenza viruses were exposed to this farm every season including summer, rainy

and winter.
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5.3 Genetic characteristics of swine influenza virus isolated from a pig farm

Phylogenetic analysis of HA1 gene, there are 3 major lineages; Classical swine
lineage (CS; 1A) (5 sub-clusters;Qt (1A.1), B(lA.Z), Y1 (1A.3.3.3), Y2 (1A.3.2) and pdm09
(1A.3.3.2), human seasonal (Hu; 1B) and Eurasian avian-like swine lineage (EA; 10)
(Anderson et al., 2016). In detail, alpha sub-lineage could be classified to sub-cluster,
1A1.1, 1A.1.2 and 1A.1.3. Thai SIVs from this thesis and previous studies (Charoenvisal
et al.,, 2013; Nonthabenjawan et al., 2015), as well as endemic SIVs are classified in
1A.1.2. Our result suggested that HA1 gene of Thai SIVs clustered in the distinct lineage
(1A.1.2).

Phylogenic analysis of NA1 gene, SIVs in this thesis were closely related to either
Eurasian avian-like swine lineage viruses (endemic NA1 gene) or pandemic HIN1 2009
(pdm09). This result suggested that pdmH1N1-2009 was circulating in this pig farm for
a period of time and then reassorted with other endemic SIVs to generated novel

genotypes of swine influenza viruses.

Phylogenic analysis of HA3 and NA2 gene, HA3 and NA2 genes were originated
from human seasonal that introduced in pig during 1990s (Takemae et al., 2008). After
that HA3 and NA2 genes were circulating in Thai pig population. HA3 and NA2 genes

from pigs in this thesis were clustered/ grouped with human-like swine lineage.

From the BLAST result, all HA1 genes of SIVs from this thesis were similar
A/swine/Thailand/CU-S3795N/2013  (percentage of identity was 97.41-97.76%).
Comparison with all HA1l genes of SIVs in this thesis and vaccine strain
(A/Michigan/45/2015), percentages of identity were 85.8-86.1%. For HA3 gene, five HA3
genes (S4, S6, S7, S12 and S13) of SIVs from this thesis were similar to
A/swine/Thailand/CU-S14252N/2014 (percentage of identity were 97.59-98.12%).
Another HA3 gene (S25) were similar to A/swine/Thailand/CU-S14129N/2013

(percentage of identity were 96.35%). Comparison with all HA3 genes of SIV from this
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thesis and vaccine strain, percentage of identity were 86.9-86.4%. Previous findings
show that vaccine for against human influenza could not fully protect rH3N2-SIV

(Arunorat et al,, 2017).

Follow antigenic site analysis, SIVs or Reassortment viruses in this thesis posed
human-like characteristics, thus the viruses could infect and/or replicate in mammal
host including human. Transmission of swine influenza to human was previously
reported (Gray et al., 2007; Krueger and Gray, 2013; Bowman et al,, 2017; Deng et al,,
2020). Thus, transmission and infection of swine influenza to human should be

concerned.

5.4 Genetic constellation of swine influenza viruses

In this thesis, there were 3 genotypes of SIVs; rHIN1 (pdm+1), rHIN1 (pdm+2)
and rH3N2 (pdm+2). In Thailand at least 7 genotypes have been reported including
eHIN1 (6+2), eHIN1 (7+1) rHIN1 (pdm+1), rHIN1 (pdm+2), rtHIN2 (pdm+2), rH3N2
(pdm+2) and pdmHIN1 (Takemae et al, 2008; Charoenvisal et al, 2013,
Nonthabenjawan et al., 2015). The genotypes rHIN1 (pdm+2) and rH3N2 (pdm+2)
which identified in this study have been previously reported in Thailand indicating
these genotypes are continuous circulating in a pig farm for several years. In contrast,
novel genotype rHIN1 (pdm+1) has never been reported in this pig farm. Our result
supported the reassortment or multiple-reassortment between eH1N1 (6+2) or rHIN1
(pdm+2) and pandemic HIN1. Reassortment of swine influenza virus have been
reported worldwide such as in China (Lam et al.,, 2011; Cai et al,, 2018), Europe (Zell
et al,, 2013) and America (Ducatez et al., 2011a; Rajao et al., 2017; Nelson et al., 2019).
Our thesis supported and added evidences that pig play important role as mixing

vessel for influenza virus.
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Since all genotypes of Thai SIVs in this thesis contain internal genes (PB2, PB1,
PA, NP, M and NS) from pandemic HIN1 2009. We suggested SIVs are fitness with those
internal genes (Liang et al., 2014; Watson et al., 2015; Cao et al,, 2019)._ It could be
speculated that pandemic HIN1 2009 was circulating in a pig farm for a period of time.
Thus, reverse zoonotic infection from workers to pigs in the pig farm is commmon. Based
on our finding, monitoring of influenza virus in pigs and workers is important and should
be routinely conducted. The management in pig farm is important for example
personal hygiene and personal protective equipment (PPE) should be practiced and
used in the farm for prevention and control of influenza virus transmission in pigs and

human.
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Conclusion

Swine influenza is one of the important zoonotic diseases. Swine influenza
causes both pig production loss and public health problem. This thesis was aimed to
survey the status of swine influenza virus infection and virus subtypes circulating in a
pig farm as well as to monitor genetic diversity of swine influenza viruses isolated
from a pig farm. During January 2017 to November 2018, 436 nasal swab samples
were collected and tested for influenza A virus. Our result showed that 38.76%
(169/436) of the samples were positive and suspected for influenza A virus by using
real-time RT-PCR. Then 13.07% (57/436) of the samples could be isolated for
influenza A virus. In this thesis, 24 SIVs were characterized by whole genome
sequencing using next-generation sequencing. Moreover, 436 blood samples were
also collected and testes for influenza antibodies. The HI test result showed that pigs
had antibodies against HIN1, H3N2 and pdmH1N1 indicating exposure of the viruses

(endemic Thai HIN1, endemic Thai H3N2 and pandemic HIN1 2009) in this pig farm.

The swine influenza viruses could be subtyped as SIV-HIN1 (n=16) and SIV-
H3N2 (n=8). The SIV-HIN1 can be classified into 2 genotypes and SIV-H3N2 can be
classified into 1 genotype. For SIV-H1IN1, genotype rHIN1 (pdm+2) contained HA and
NA genes from endemic Thai SIV-HIN1, and the internal genes from pandemic HIN1-
2009. Another genotype rHIN1 (pdm+1) which is the novel genotype or genetic
constellation of SIVs ever reported in Thailand. The rHIN1 (pdm+1) contained HA
gene from endemic HIN1 and the NA and internal genes from pandemic HIN1-2009.
For SIV-H3N2, genotype rH3N2 (pdm+2) was previously observed in Thailand. The
genotype rH3N2 (pdm+2) contained HA and NA genes from human-like swine and
the internal genes from pandemic H1N1-2009. The results of genetic analysis showed
that SIVs in this thesis posed most human-like characteristics and some avian-like

characteristics.
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Base on the result of this thesis, the recommendations to reduce the risk and

transmission of swine influenza virus in a pig farm or other pig farms are as follow:

- Pig

O Close housing system (if possible) should be used
Separate equipment for each pig housing should be used
Separate workers of each pig houses or cleaning washing
between pig houses should be practiced.

O Monitor piglets and weaning pigs should be performed, since
piglets and weaning pigs (high risk population) are susceptible
to swine influenza due to decreasing of maternal antibody and
stress condition.

O SIV testing and quarantine for new pigs e.g. new gilts should be
routinely tested.

- Human

O Personal hygiene and personal protective equipment should
be practiced /used to reduce SIV transmission.

O Influenza A virus vaccine (Flu vaccine) for human should be
yearly administered for workers and farm staffs.

- Farm management

O Biosecurity should be conducted to reduce the risk of SIV
transmission.

O Surveillance and monitoring genetic diversity of swine

influenza viruses in pig farms should be routinely conducted.

Future studies for prevention and control of swine influenza in the pig farm

should be focusing on the following:

- Investigating novel genotypes of swine influenza viruses in Thailand to

monitor potential virulence viruses in human.
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Studying efficacy of human vaccine against swine influenza virus which
can be used for human protection on swine influenza infection.
Developing new vaccine against human and swine influenza for
prevention and control of influenza pigs and human.

Developing rapid diagnosis kit for using in the field.



REFERENCES

Agrawal AS, Sarkar M, Ghosh S, Roy T, Chakrabarti S, Lal R, Mishra AC, Chadha MS and
Chawla-Sarkar M 2010. Genetic characterization of circulating seasonal Influenza
A viruses (2005-2009) revealed introduction of oseltamivir resistant HIN1 strains
during 2009 in eastern India. Infection, Genetics and Evolution. 10(8): 1188-1198.

Anderson TK, Macken CA, Lewis NS, Scheuermann RH, Van Reeth K, Brown IH, Swenson
SL, Simon G, Saito T, Berhane Y, Ciacci-Zanella J, Pereda A, Davis CT, Donis RO,
Webby RJ and Vincent AL 2016. A Phylogeny-Based Global Nomenclature
System and Automated Annotation Tool for H1 Hemagglutinin Genes from
Swine Influenza A Viruses. mSphere. 1(6): €00275-00216.

Arunorat J, Charoenvisal N, Woonwong Y, Kedkovid R, Jittimanee S, Sitthicharoenchai P,
Kesdangsakonwut S, Poolperm P and Thanawongnuwech R 2017. Protection of
human influenza vaccines against a reassortant swine influenza virus of
pandemic HIN1 origin using a pig model. Research in Veterinary Science. 114: 6-
11.

Bowman AS, Walia RR, Nolting JM, Vincent AL, Killian ML, Zentkovich MM, Lorbach JN,
Lauterbach SE, Anderson TK, Davis CT, Zanders N, Jones J, Jang Y, Lynch B,
Rodriguez MR, Blanton L, Lindstrom SE, Wentworth DE, Schiltz J, Averill JJ and
Forshey T 2017. Influenza A(H3N2) Virus in Swine at Agricultural Fairs and
Transmission to Humans, Michigan and Ohio, USA, 2016. Emerging infectious
diseases. 23(9): 1551-1555.

Brown IH, Harris PA, McCauley JW and Alexander DJ 1998. Multiple genetic
reassortment of avian and human influenza A viruses in European pigs, resulting
in the emergence of an HIN2 virus of novel genotype. J Gen Virol. 79 ( Pt 12):
2947-2955.

Cai M, Huang J, Bu D, Yu Z, Fu X, Ji C, Zhou P and Zhang G 2018. Molecular evolution
of HIN1 swine influenza in Guangdong, China, 2016-2017. Infection, Genetics
and Evolution. 60: 103-108.



73

Campitelli L, Donatelli I, Foni E, Castrucci MR, Fabiani C, Kawaoka Y, Krauss S and
Webster RG 1997. Continued Evolution of HIN1 and H3N2 Influenza Viruses in
Pigs in Italy. Journal of Virology. 232(2): 310-318.

Charoenvisal N, Keawcharoen J, Sreta D, Chaiyawong S, Nonthabenjawan N, Tantawet S,
Jittimanee S, Arunorat J, Amonsin A and Thanawongnuwech R 2013. Genetic
characterization of Thai swine influenza viruses after the introduction of
pandemic HIN1 2009. Virus Genes. 47(1): 75-85.

Choi YK, Goyal SM and Joo HS 2002. Prevalence of swine influenza virus subtypes on
swine farms in the United States. Archives of Virology. 147(6): 1209-1220.

Chutinimitkul S, Thippamom N, Damrongwatanapokin S, Payungporn S,
Thanawongnuwech R, Amonsin A, Boonsuk P, Sreta D, Bunpong N and
Tantilertcharoen R 2008. Genetic characterization of HIN1, HIN2 and H3N2
swine influenza virus in Thailand. Archives of Virology. 153.

Connor RJ, Kawaoka Y, Webster RG and Paulson JC 1994. Receptor Specificity in Human,
Avian, and Equine H2 and H3 Influenza Virus Isolates. Virology. 205(1): 17-23.

Dawood FS, Jain S, Finelli L, Shaw MW, Lindstrom S, Garten RJ, Gubareva LV, Xu X,
Bridges CB and Uyeki TM 2009. Emergence of a novel swine-origin influenza A
(HIN1) virus in humans. N Engl J Med. 360(25): 2605-2615.

Deng Y-M, Wong FYK, Spirason N, Kaye M, Beazley R, Grau MLL, Shan S, Stevens V,
Subbarao K, Sullivan S, Barr IG and Dhanasekaran V 2020. Locally Acquired
Human Infection with Swine-Origin Influenza A(H3N2) Variant Virus, Australia,
2018. Emerging infectious diseases. 26(1): 143-147.

Ducatez MF, Hause B, Stigger-Rosser E, Darnell D, Corzo C, Juleen K, Simonson R,
Brockwell-Staats C, Rubrum A, Wang D, Webb A, Crumpton J-C, Lowe J, Gramer
M and Webby RJ 2011a. Multiple reassortment between pandemic (HIN1) 2009
and endemic influenza viruses in pigs, United States. Emerging infectious
diseases. 17(9): 1624-1629.

Ducatez MF, Hause B, Stigger-Rosser E, Darnell D, Corzo C, Juleen K, Simonson R,
Brockwell-Staats C, Rubrum A, Wang D, Webb A, Crumpton JC, Lowe J, Gramer
M and Webby RJ 2011b. Multiple reassortment between pandemic (HIN1) 2009



74

and endemic influenza viruses in pigs, United States. Emerging Infectious
Diseases. 17(9): 1624-1629.

Edgar RC 2004. MUSCLE: multiple sequence alignment with high accuracy and high
throughput. Nucleic acids research. 32(5): 1792-1797.

Ferguson L, Olivier AK, Genova S, Epperson WB, Smith DR, Schneider L, Barton K,
McCuan K, Webby RJ and Wan X-F 2016. Pathogenesis of Influenza D Virus in
Cattle. Journal of Virology. 90(12): 5636.

Gao Y, Zhang Y, Shinya K, Deng G, Jiang Y, Li Z, Guan Y, Tian G, Li Y, Shi J, Liu L, Zeng X,
Bu Z, Xia X, Kawaoka Y and Chen H 2009. Identification of amino acids in HA
and PB2 critical for the transmission of H5N1 avian influenza viruses in a
mammalian host. PLoS pathogens. 5(12): €1000709-e1000709.

Gray GC, McCarthy T, Capuano AW, Setterquist SF, Olsen CW and Alavanja MC 2007.
Swine workers and swine influenza virus infections. Emerging infectious diseases.
13(12): 1871-1878.

Hatta M, Gao P, Halfmann P and Kawaoka Y 2001. Molecular Basis for High Virulence of
Hong Kong H5N1 Influenza A Viruses. Science. 293(5536): 1840.

Hiromoto Y, Parchariyanon S, Ketusing N, Netrabukkana P, Hayashi T, Kobayashi T,
Takemae N and Saito T 2012. Isolation of the Pandemic (HIN1) 2009 virus and
its reassortant with an H3N2 swine influenza virus from healthy weaning pigs in
Thailand in 2011. Virus Research. 169(1): 175-181.

Howard WA, Essen SC, Strugnell BW, Russell C, Barrass L, Reid SM and Brown IH 2011.
Reassortant Pandemic (HIN1) 2009 Virus in Pigs, United Kingdom. Emerging
Infectious Diseases. 17(6): 1049-1052.

Howden KJ, Brockhoff EJ, Caya FD, MclLeod LJ, Lavoie M, Ing JD, Bystrom JM,
Alexandersen S, Pasick JM, Berhane Y, Morrison ME, Keenliside JM, Laurendeau S
and Rohonczy EB 2009. An investigation into human pandemic influenza virus
(HIN1) 2009 on an Alberta swine farm. Canadian Veterinary Journal. 50(11):
1153-1161.

Karasin Al, Landgraf J, Swenson S, Erickson G, Goyal S, Woodruff M, Scherba G, Anderson

G and Olsen CW 2002. Genetic characterization of HIN2 influenza A viruses



75

isolated from pigs throughout the United States. J Clin Microbiol. 40(3): 1073-
1079.

Kelly HA, Grant KA, Tay EL, Franklin L and Hurt AC 2013. The significance of increased
influenza notifications during spring and summer of 2010-11 in Australia.
Influenza and other respiratory viruses. 7(6): 1136-1141.

Kim H, Webster RG and Webby RJ 2018. Influenza Virus: Dealing with a Drifting and
Shifting Pathogen. Viral Immunology. 31(2): 174-183.

King AMQ, Lefkowitz EJ, Mushegian AR, Adams MJ, Dutilh BE, Gorbalenya AE, Harrach B,
Harrison RL, Junglen S, Knowles NJ, Kropinski AM, Krupovic M, Kuhn JH, Nibert
ML, Rubino L, Sabanadzovic S, Sanfacon H, Siddell SG, Simmonds P, Varsani A,
Zerbini FM and Davison AJ 2018. Changes to taxonomy and the International
Code of Virus Classification and Nomenclature ratified by the International
Committee on Taxonomy of Viruses (2018). Archives of Virology. 163(9): 2601-
2631.

Kitikoon P, Sreta D, Na Ayudhya SN, Wongphatcharachai M, Lapkuntod J,
Prakairungnamthip D, Bunpapong N, Suradhat S, Thanawongnuwech R and
Amonsin A 2011. Brief report: Molecular characterization of a novel reassorted
pandemic HIN1 2009 in Thai pigs. Virus Genes. 43(1): 1-5.

Kitikoon P, Vincent AL, Gauger PC, Schlink SN, Bayles DO, Gramer MR, Darnell D, Webby
RJ, Lager KM, Swenson SL and Klimov A 2012. Pathogenicity and transmission in
pigs of the novel A(H3N2)v influenza virus isolated from humans and
characterization of swine H3N2 viruses isolated in 2010-2011. Journal of
Virology. 86(12): 6804-6814.

Krueger WS and Gray GC 2013. Swine Influenza Virus Infections in Man. In: Swine
Influenza. Jurgen A. Richt and Richard J. Webby (eds). Berlin, Heidelberg:
Springer Berlin Heidelberg. 201-225.

Kumar S, Stecher G and Tamura K 2016. MEGAT: Molecular Evolutionary Genetics
Analysis Version 7.0 for Bigger Datasets. Molecular Biology and Evolution. 33(7):
1870-1874.



76

Kuntz-Simon G and Madec F 2009. Genetic and Antigenic Evolution of Swine Influenza
Viruses in Europe and Evaluation of Their Zoonotic Potential. Zoonoses and
Public Health. 56(6-7): 310-325.

Lam TT-Y, Zhu H, Wang J, Smith DK, Holmes EC, Webster RG, Webby R, Peiris JM and
Guan Y 2011. Reassortment Events among Swine Influenza A Viruses in China:
Implications for the Origin of the 2009 Influenza Pandemic. Journal of Virology.
85(19): 10279.

Lin D, Sun S, Du L, Ma J, Fan L, Pu J, Sun 'Y, Zhao J, Sun H and Liu J 2012. Natural and
experimental infection of dogs with pandemic HIN1/2009 influenza virus. J Gen
Virol. 93(Pt 1): 119-123.

Moreno A, Di Trani L, Faccini S, Vaccari G, Nigrelli D, Boniotti MB, Falcone E, Boni A,
Chiapponi C, Sozzi E and Cordioli P 2011. Novel HIN2 swine influenza
reassortant strain in pigs derived from the pandemic HIN1/2009 virus. Vet
Microbiol. 149(3-4): 472-477.

Nelson MI, Souza CK, Trovao NS, Diaz A, Mena |, Rovira A, Vincent AL, Torremorell M,
Marthaler D and Culhane MR 2019. Human-Origin Influenza A(H3N2) Reassortant
Viruses in Swine, Southeast Mexico. Emerging infectious diseases. 25(4): 691-700.

Nonthabenjawan N, Chanvatik S, Chaiyawong S, Jairak W, Boonyapisusopha S,
Tuanudom R, Thontiravong A, Bunpapong N and Amonsin A 2015. Genetic
diversity of swine influenza viruses in Thai swine farms, 2011-2014. Virus Genes.
50(2): 221-230.

Poljak Z, Carman S and McEwen B 2014. Assessment of seasonality of influenza in
swine using field submissions to a diagnostic laboratory in Ontario between
2007 and 2012. Influenza and other respiratory viruses. 8(4): 482-492.

Rajao DS, Walia RR, Campbell B, Gauger PC, Janas-Martindale A, Killian ML and Vincent
AL 2017. Reassortment between Swine H3N2 and 2009 Pandemic HIN1 in the
United States Resulted in Influenza A Viruses with Diverse Genetic
Constellations with Variable Virulence in Pigs. Journal of Virology. 91(4): e01763-
01716.



e

Saito R, Sakai T, Sato I, Sano Y, Oshitani H, Sato M and Suzuki H 2003. Frequency of
amantadine-resistant influenza A viruses during two seasons featuring
cocirculation of HIN1 and H3N2. Journal of clinical microbiology. 41(5): 2164-
2165.

Scholtissek C, Burger H, Bachmann PA and Hannoun C 1983. Genetic relatedness of
hemagsglutinins of the H1 subtype of influenza a viruses isolated from swine and
birds. Virology. 129(2): 521-523.

Schultz-Cherry S, Olsen CW and Easterday BC 2013. History of Swine influenza. Curr Top
Microbiol Immunol. 370: 21-28.

Shao W, Li X, Goraya MU, Wang S and Chen J-L 2017. Evolution of Influenza A Virus by
Mutation and Re-Assortment. International journal of molecular sciences. 18(8):
1650.

Smith GJ, Bahl J, Donis R, Hongo S, Kochs G, Lamb B, McCauley J, Palese P, Perez D,
Presti R, Rimstad E and Kuhn JH 2017. "Subject: Proposal 2017.011
M.A.v2.0rthomyxoviridae ren. Change the names of 4 genera and 5 species in

the family Orthomyxoviridae" (online). Available: http://ictv.global/proposals-

17/2017.011M.A.v2.0rthomyxoviridae ren.zip.
Smith GJD, Vijaykrishna D, Bahl J, Lycett SJ, Worobey M, Pybus OG, Ma SK, Cheung CL,

Raghwani J, Bhatt S, Peiris JSM, Guan Y and Rambaut A 2009. Origins and
evolutionary genomics of the 2009 swine-origin HIN1 influenza A epidemic.
Nature. 459(7250): 1122-1125.

Sreta D, Jittimanee S, Charoenvisal N, Amonsin A, Kitikoon P and Thanawongnuwech R
2012. Retrospective swine influenza serological surveillance in the four highest
pig density provinces of Thailand before the introduction of the 2009 pandemic
Influenza A virus subtype HIN1 using various antibody detection assays. Journal
of Veterinary Diagnostic Investigation. 25(1): 45-53.

Steel J, Lowen AC, Mubareka S and Palese P 2009. Transmission of influenza virus in a
mammalian host is increased by PB2 amino acids 627K or 627E/701N. PLoS
pathogens. 5(1): €1000252-e1000252.

Takemae N, Parchariyanon S, Damrongwatanapokin S, Uchida Y, Ruttanapumma R,

Watanabe C, Yamasguchi S and Saito T 2008. Genetic diversity of swine influenza


http://ictv.global/proposals-17/2017.011M.A.v2.Orthomyxoviridae_ren.zip
http://ictv.global/proposals-17/2017.011M.A.v2.Orthomyxoviridae_ren.zip

78

viruses isolated from pigs during 2000 to 2005 in Thailand. Influenza and other
respiratory viruses. 2(5): 181-189.

Thai Meteorological Department 2018. "Subject: Thailand Annual Weather Summary,
2018" (online). Available:

https://www.tmd.go.th/programs/uploads/yearlySummary/%E0%B8%AA%E0%B8

9%A3%E0%B8%B8%E0%B8%9B%E0%BE8%AA%EN%BE%A0%E0%B8%B2%E0%B8%

A7%E0%B8%B0%E0%B8%AD%E0%B8%B2%E0%B8%81%E0%B8%B2%E0%B8%A

8%E0%B8%9B%E0%B8%B5%202561.pdf.

Vijaykrishna D, Poon LL, Zhu HC, Ma SK; Li OT, Cheung CL, Smith GJ, Peiris JS and Guan
Y 2010. Reassortment of pandemic HIN1/2009 influenza A virus in swine.
Science. 328(5985): 1529.

Vincent A, Awada L, Brown [, Chen H, Claes F, Dauphin G, Donis R, Culhane M, Hamilton
K, Lewis N, Mumford E, Neuyen T, Parchariyanon S, Pasick J, Pavade G, Pereda A,
Peiris M, Saito T, Swenson S, Van Reeth K, Webby R, Wong F and Ciacci-Zanella
J 2014. Review of influenza A virus in swine worldwide: a call for increased
surveillance and research. Zoonoses Public Health. 61(1): 4-17.

Vincent AL, Ma W, Lager KM, Janke BH and Richt JA 2008. Swine Influenza Viruses: A
North American Perspective. Advances in Virus Research. 72: 127-154.

Vines A, Wells K, Matrosovich M, Castrucci MR, Ito T and Kawaoka Y 1998. The role of
influenza A virus hemagglutinin residues 226 and 228 in receptor specificity and
host range restriction. Journal of virology. 72(9): 7626-7631.

Webster RG, Laver WG, Air GM and Schild GC 1982. Molecular mechanisms of variation
in influenza viruses. Nature. 296(5853): 115-121.

World Health Organization 2002. "Subject: WHO manual on animal influenza diagnosis
and surveillance" (online). Available:
https://apps.who.int/iris/handle/10665/68026.

World Health Organization 2009. "Subject: CDC Protocol of Real Time RT-PCR for Swine

Influenza A (HIN1)" (online). Available:
https://www.who.int/csr/resources/publications/swineflu/CDCrealtimeRTPCRprot

ocol_20090428.pdf.



https://www.tmd.go.th/programs/uploads/yearlySummary/%E0%B8%AA%E0%B8%A3%E0%B8%B8%E0%B8%9B%E0%B8%AA%E0%B8%A0%E0%B8%B2%E0%B8%A7%E0%B8%B0%E0%B8%AD%E0%B8%B2%E0%B8%81%E0%B8%B2%E0%B8%A8%E0%B8%9B%E0%B8%B5%202561.pdf
https://www.tmd.go.th/programs/uploads/yearlySummary/%E0%B8%AA%E0%B8%A3%E0%B8%B8%E0%B8%9B%E0%B8%AA%E0%B8%A0%E0%B8%B2%E0%B8%A7%E0%B8%B0%E0%B8%AD%E0%B8%B2%E0%B8%81%E0%B8%B2%E0%B8%A8%E0%B8%9B%E0%B8%B5%202561.pdf
https://www.tmd.go.th/programs/uploads/yearlySummary/%E0%B8%AA%E0%B8%A3%E0%B8%B8%E0%B8%9B%E0%B8%AA%E0%B8%A0%E0%B8%B2%E0%B8%A7%E0%B8%B0%E0%B8%AD%E0%B8%B2%E0%B8%81%E0%B8%B2%E0%B8%A8%E0%B8%9B%E0%B8%B5%202561.pdf
https://www.tmd.go.th/programs/uploads/yearlySummary/%E0%B8%AA%E0%B8%A3%E0%B8%B8%E0%B8%9B%E0%B8%AA%E0%B8%A0%E0%B8%B2%E0%B8%A7%E0%B8%B0%E0%B8%AD%E0%B8%B2%E0%B8%81%E0%B8%B2%E0%B8%A8%E0%B8%9B%E0%B8%B5%202561.pdf
https://apps.who.int/iris/handle/10665/68026
https://www.who.int/csr/resources/publications/swineflu/CDCrealtimeRTPCRprotocol_20090428.pdf
https://www.who.int/csr/resources/publications/swineflu/CDCrealtimeRTPCRprotocol_20090428.pdf

79

Wu Y, Wu Y, Tefsen B, Shi Y and Gao GF 2014. Bat-derived influenza-like viruses H17N10
and H18N11. Trends Microbiol. 22(4): 183-191.

Zell R, Scholtissek C and Ludwig S 2013. Genetics, Evolution, and the Zoonotic Capacity
of European Swine Influenza Viruses. In: Swine Influenza. Jurgen A. Richt and
Richard J. Webby (eds). Berlin, Heidelberg: Springer Berlin Heidelberg. 29-55.

Zhou B, Donnelly ME, Scholes DT, St. George K, Hatta M, Kawaoka Y and Wentworth DE
2009. Single-Reaction Genomic Amplification Accelerates Sequencing and
Vaccine Production for Classical and Swine Origin Human Influenza A Viruses.
Journal of Virology. 83(19): 10309-10313.

Zhou NN, Senne DA, Landgraf JS, Swenson SL, Erickson G, Rossow K, Liu L, Yoon K,
Krauss S and Webster RG 1999. Genetic reassortment of avian, swine, and
human influenza A viruses in American pigs. Journal of Virology. 73(10): 8851-

8856.



FWIAINTAUNNIINY 1Y
CHuLALONGKORN UNIVERSITY



VITA

NAME Chanakarn Nasamran
DATE OF BIRTH 30 March 1992
PLACE OF BIRTH Bangkok

INSTITUTIONS ATTENDED Faculty of Veterinary Science, Chulalongkorn University

HOME ADDRESS 34/23 Soi Sukhumwit 59 (Bunchana), Khlong Tan Nuea,
Watthana, Bangkok,10110
PUBLICATION -

AWARD RECEIVED -



	ABSTRACT (THAI)
	ABSTRACT (ENGLISH)
	ACKNOWLEDGEMENTS
	TABLE OF CONTENTS
	LIST OF TABLES
	LIST OF FIGURES
	Chapter 1
	introduction
	1.1 Importance and Rationale
	1.2 Research questions
	1.3 Objectives of study
	1.4 Hypothesis

	Chapter 2
	Literature Review
	2.1 Influenza A virus (IVA)
	2.2 Swine Influenza virus (SIV)
	2.3 Epidemiology of swine influenza
	2.4 Epidemiology of swine influenza in Thailand
	2.5 Genetic characterization of swine influenza

	Chapter 3
	Materials and Methods
	3.1 Phase 1. Sample collection from a swine influenza virus endemic pig farm
	3.2 Phase 2. Viral detection, isolation and serological test for swine influenza viruses
	3.3 Phase 3. Genetic characterization of swine influenza viruses isolated from SIV endemic pig farm

	Chapter 4
	Results
	4.1 Sample collection from a swine farm
	4.2 Detection, isolation and serological test for swine influenza viruses
	4.3 Genetic characterization of swine influenza virus
	4.4 Genetic constellation analysis of swine influenza viruses
	4.5 Genetic analysis of swine influenza viruses

	Chapter 5
	Discussion
	5.1 A longitudinal survey of swine influenza in a pig farm
	5.2 Swine influenza viruses in a pig farm
	5.3 Genetic characteristics of swine influenza virus isolated from a pig farm
	5.4 Genetic constellation of swine influenza viruses

	Conclusion
	REFERENCES
	VITA

