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Live bird markets (LBMs) are places housing multiple poultry species from
different sources and suitable environment for transmission and genetic
reassortment of Influenza A viruses (IAVs). Most of human cases with IAVs infection
had been reported with the history of exposure with poultry in LBMs. In this
study, longitudinal survey was conducted in 3 LBMs in Bangkok during May 2014 to
April 2015 to determine the occurrence of IAVs and to identify the subtypes and
characteristics of 1AVs in LBMs in Bangkok. This study was composed of 3 phases
including live bird markets selection and sample collection, virus isolation and
identification and genetic characterization of the viruses. In this study, oropharyngeal
and cloacal swabs were collected monthly from each selected LBM and tested for
IAVs. The result showed that 18 out of 1,374 swab samples (1.31%) were positive for
IAVs identification by real-time RT-PCR. Two subtypes of IAVs were identified from
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analysis of the viruses suggested that H2N3 and H2N8 posed low pathogenic avian
influenza (LPAI) characteristics and grouped into the Eurasian lineage. This result
suggested that several subtypes of LPAI were circulating in LBMs in Bangkok,
Thailand. In summary, continuous survey of IAVs in LBMs is very important to
investigate transmission and evolution of IAVs. Proper sanitation in LBMs and hygiene

of vendors or workers' hygiene can reduce risk of IAVs transmission in LBMs.
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Chapter 1 Introduction

Influenza viruses are the member of Family Orthomyxoviridae. This family
compose of 6 genera including Influenzavirus A, Influenzavirus B, Influenzavirus C,
Isavirus, Quaranfilvirus and Thogotovirus (Perez D, 2011). Influenza A viruses (IAVs)
can infect a wide range of host including mammals, poultry and wild birds (Webster
et al, 1992). Influenza B and C viruses commonly infect human and have been
isolated from seals and pigs, respectively (Kimura et al.,, 1997; Osterhaus et al., 2000).
World organization for animal health (OIE) defines avian influenza as an infection of
poultry caused by any Infuenza A viruses with high pathogenicity (HPAI) or low
pathogenicity (LPAI) (OIE, 2014). Outbreaks of IAV subtype H5N1 have been reported
in several countries such as, South Korea in December 2003 and Southeast Asia
including Lao PDR, Cambodia, Japan, Malaysia, Thailand, Indonesia, Vietham and
Eastern Asia (China and Japan) in 2004 (Lee et al., 2005). The H5N1 outbreaks spread
westward from China through Europe and Africa continents. The first H5N1 human
cases in Turkey was confirmed to have H5N1 infection in January 2006 (WHO, 2015Db).
Moreover, the H5N1 outbreak was reported from poultry farm in Nigeria (Joannis et
al.,, 2006) and spread to other African countries (Cattoli et al.,, 2009) and in March
2006, the first H5N1 human case was confirmed in Egypt (WHO, 2015b). The H5N1
outbreaks caused diseases in poultry with more than 100 million deaths and culling

of poultry (Sims et al.,, 2005). Since 2003 to April 2016, the H5N1 outbreaks in



poultry were reported in 55 countries and 850 H5N1 confirmed human cases and

449 deaths (OIE, 2015; WHO, 2015a).

Several subtypes of influenza A viruses have been isolated from live bird
markets (LBMs) (Indriani et al.,, 2010; Lee et al,, 2010; Nishi et al,, 2014; Wang et al,,
2014). Since LBMs could be the housing places of multiple poultry species from
different sources (Cardona et al.,, 2009). The poultry are placed with high density
setting. This condition increases chance for the transmission of Influenza A Viruses
(Lee et al.,, 2010). In addition, LBMs are the liable areas for viral transmission and
genetic reassortment (Choi et al,, 2005; Moon et al.,, 2010; Wisedchanwet et al.,
2011). For example, H7N9 viruses, new subtype of influenza A viruses silently spread
in LBMs in China. These viruses are LPAI in poultry but they can infect humans and
cause severe respiratory illness. Up to date, 786 with 307 deaths of H7N9 confirmed

cases have been reported.

In Thailand, H5N1 outbreaks emerged at least 7 waves since 2004 to 2008
(Tiensin et al., 2005; Amonsin et al., 2006a) and caused at least 25 confirmed human
cases with 17 deaths and over 62 million poultry death and culling (Tiensin et al,,
2009; WHO, 2015a). The HPAI H5N1 viruses were isolated from multiple animal
species in Thailand including domestic poultry, tigers, leopards and cats
(Keawcharoen et al., 2004; Viseshakul et al., 2004; Thanawongnuwech et al., 2005;

Amonsin et al., 2006b; Songserm et al., 2006a; Songserm et al., 2006b). From July



2006 to August 2007, the active surveillance of IAVs in live bird markets and local
food markets in the central part of Thailand reported HPAI-H5N1 circulation in these
markets (Amonsin et al., 2008). In 2009, IAVs subtypes HAN6, HAN9 and H10N3 were

reported in LBMs in Bangkok (Wisedchanwet et al., 2011).

However, Thailand has limited information of IAVs survey in LBMs especially
longitudinal survey. Continuous survey of IAVs in LBMs is a very important strategy
and should be done to investigate the circulation and evolution of IAVs. For this
study, one year longitudinal survey was conducted in three live bird markets in
different districts of Bangkok. Results from this study provided valuable information
about the circulation, evolution and transmission of IAVs in live bird markets in

Bangkok.

Research questions

1. What is the occurrence of Influenza A viruses in LBMs in Bangkok during May
2014 to April 20157
2. What are the genetic characteristic and diversity of Influenza A viruses in LBMs

in Bangkok?

Objectives of study

1. To determine the occurrence of IAVs circulating in LBMs in Bangkok during
May 2014 to April 2015.

2. To identify the subtypes and characteristics of IAVs in LBMs in Bangkok.



Chapter 2 Literature review

2.1 Influenza A viruses

Influenza A viruses (IAVs) are belonged in Family Orthomyxoviridae. This
family composed of six genera which are Influenzavirus A, Influenzavirus B,
Influenzavirus C, Thogotovirus, Isavirus and Quaranfilvirus (Perez D, 2011). Structural
diameter of influenza A viruses is around 80 — 120 nm with roughly spherical. Eight
gene segments encode at least 10 proteins in genome structure. Envelope surface
of viruses composed 2 types of glycoproteins. There are hemagglutinin protein for
attachment and cell fusion between viral particles and host cells and neuraminidase
protein that associates in viruses release from host cells. Lipid bilayer membranes
are abundant of matrix proteins including viral membrane protein and membrane ion
channel. Internal ribonucleoprotein consist of 4 proteins including nucleoprotein as
predominant protein for RNA synthesis and 3 transcriptase-associated proteins
including polymerase basic protein 1, polymerase basic protein 2 and polymerase
acidic protein. 1AVs have 2 nonstructural proteins as NS1 and NS2 (Webster et al,,
1992; Shaw, 2013). In addition, IAVs are classified into subtype based on antigenic
variations of hemagglutinin (H1 - H16) and neuraminidase (N1 — N9) on the viral
surface (Fouchier et al.,, 2005). Influenza A viruses can infect in wide host range

including mammals, poultry and wild birds (Webster et al., 1992).



World organization for animal health (OIE) defines avian influenza as an
infection of poultry caused by any IAVs with high pathogenicity (HPAI) or low
pathogenicity (LPAI). OIE provided criteria for determining pathogenicity of IAVs
following by 1) High pathogenicity (HPAI) are the any IAVs that cause at least 75%
mortality in 4 to 8 weeks old chickens infected intravenously or any IAVs that has an
intravenous pathogenicity index (IVPI) greater than 1.2 in 6 weeks old chickens. In
addition, for all H5/H7 LPAI that have the hemagglutinin molecule amino acids
sequences are similar to other HPAI isolates, will be considered to be HPAI. 2) H5
and H7 subtypes with low pathogenicity (H5/H7 LPAI) are H5 and H7 isolates from
poultry that are not high pathogenicity for chickens and do not have HA, cleavage
site amino acids sequences similar to any HPAIL.  3) Non H5 or H7 subtypes such as
H1 - 4, H6, H8 - 16 are not avian influenza and not notified. 4) IAVs of high

pathogenicity in another avian species such as wild birds are notified (OIE, 2014).

2.2 Influenza A virus outbreaks

Outbreaks of IAVs in poultry could raise public health concerns especially
H5N1 outbreaks. Several countries were effected on H5N1 outbreaks such as, South
Korea, Southeast Asia in 2004 including Lao PDR, Cambodia, Japan, Malaysia,
Thailand, Indonesia, Vietnam and Eastern Asia (China and Japan) (Lee et al., 2005;
Sims et al,, 2005). H5N1 outbreaks spread westward from China through Europe and

Africa continents. The H5N1 outbreak was reported in poultry in Russia as the first



outbreak in Europe and the first H5N1 human cases in Turkey were confirmed to
H5N1 infection in January 2006 (WHO, 2015b). The H5N1 outbreak was reported in
poultry farm in Nigeria in February 2006 and spread to other African countries
(Joannis et al., 2006; Cattoli et al,, 2009). In March 2006, the first H5N1 human case
were confirmed in Egypt (WHO, 2015b). From December 2003 to May 2016, H5N1
outbreaks in poultry were reported in 55 countries infection and with 850 H5N1

confirmed human cases and 449 deaths (OIE, 2015; WHO, 2015a).

In Thailand, H5N1 outbreaks emerged at least 7 waves since 2004 to 2008
(Tiensin et al., 2005; Amonsin et al., 2006a) and caused at least 25 confirmed human
cases with 17 deaths (WHO, 2015a) and over 62 million poultry death and culling
(Tiensin et al., 2009). The H5N1 subtype viruses were isolated from multiple animal

species in Thailand.

H7N9 subtype is reassortant IAVs. As the LPAI virus in poultry but it caused
severe diseases in human. HA gene of this virus was derived from H7N3 in ducks, NA
gene was transferred from H7N9 in wild birds and other 6 internal genes were
derived from HON2 in poultry in China (Liu et al,, 2013). The evolution of H7N9
subtype has been related to adaptation in human and also provided virus replication
in human respiratory tract (Chen et al.,, 2013; Gao et al., 2013). Three Chinese people
presented with rapidly respiratory illness and were confirmed with H7N9 infection as

the first cases reported (Gao et al.,, 2013). Since February 2013 to May 2016, a total



number of H7N9 confirmed human cases is 786 with 307 deaths were reported in 3

countries including China, Malaysia and Canada.

2.3 Live bird markets

Live bird markets (LBMs) are housing multiple poultry species from different
sources and slaughtering live poultry for fresh meat (Cardona et al.,, 2009). Many
people prefer fresh meat slaughtered in LBMs because of consumer taste, traditions
and religious beliefs. The poultry are housed in cages with high density setting
provided the optimal conditions for transmission and evolution of pathogens such as
IAVs (Lee et al,, 2010). In addition, LBMs were reported to being the reservoirs and
spread for IAVs (Wan et al.,, 2011). The poultry especially domestic ducks possibly

are the mixing vessels to generate reassortant of IAVs in LBMs (Lee et al., 2010).

Epidemiological survey is the important strategy to investigate the circulation
and evolution of IAVs in LBMs. The HPAI subtypes were reported to isolate from
poultry and environment in LBMs in several countries. In Asian countries, such as
Hong Kong, eleven H5N1 were isolated from fecal samples in cages and cloacal swab
from chicken carcasses in LBMs in 2001 (Guan et al., 2002). Six IAVs were isolated
from swab samples of domestic poultry in 10 LBMs in Hanoi, Vietnam including
H5N1, H5N2, HAN6, HIN3 (Nguyen et al., 2005). Thirteen H5N1 were isolated from

environmental samples in 83 LBMs in Indonesia (Indriani et al,, 2010). Ten H5N1



were isolated from environmental samples in 4 LBMs in Cambodia (Horm et al,,
2013). In African country, LBMs in Egypt were positive for H5N1 detecting by real

time quantitative PCR (Abdelwhab et al., 2010).

Moreover, LPAI viruses were isolated from LBMs in several countries. Ten
LPAI subtypes were isolated from poultry, water fowl and environment in LBMs of
the northeastern US since 1993 to 2000 (Panigrahy et al., 2002), and in 2005, LPAI
subtype H6N2 were isolated from swab samples of poultry in 3 LBMs in California
(Yee et al, 2011). In South Korea, from September 2006 to March 2008, 65 LPAI
were isolated swab samples in LBMs including H3N2, H3N8, HAN2, HAN6, H6N2, HON2
and others unclear subtypes (Lee et al,, 2010). In Vietnam from October 2010 to
2012, 198 IAVs were isolated from LBMs including H5N1 subtype and other LPAI

(Okamatsu et al., 2013).

In Thailand, the active surveillance of IAVs in live bird markets and live food
markets in central part of Thailand reported 12 HPAI-H5N1 were isolated from
healthy chicken, health ducks and visceral organs in the markets in July 2006 to
August 2007 (Amonsin et al,, 2008). In 2009, IAVs subtypes HAN6, HAN9 and H10N3
were firstly reported in a LBM in Bangkok (Wisedchanwet et al,, 2011). In addition,
two 1AV isolates (HAN6 and HAN9) were found in the same duck, possible multiple

subtypes infection or genetic reassortment in duck.



Chapter 3 Materials and Methods

This study consisted of 3 phases including; Phase 1, live bird market selection
and sample collection, Phase 2, virus isolation and identification and Phase 3, genetic
characterization of Influenza A viruses. The conceptual framework of this study was

shown in figure 1.

Live bird market selection (3 LBMs)

Selection criteria
®  High density of chickens and ducks
® 2 or more avian species in shop

®  Owner cooperation

y

Sample collection (N = 1,500)

®  Oropharyngeal and cloacal swabs (2 types of sample/bird)
® 20 birds/market/visit
® 3 markets/month

® Repeat sample collection every month for one year

L

Virus isolation and identification

®  Fgg inoculation
®  Real-time RT-PCR

® |nfluenza subtyping

Genetic characterization

®  Select representative viruses
® \Whole genome sequencing

®  Phylogenetic and genetic analyses

®  Occurrence and subtypes of IAVs circulating in LBMs in Bangkok

®  Genetic characteristics and evolution of 1AVs isolated from LBMs in Bangkok

Figure 1 The conceptual framework of this study
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Phase 1: LBM selection and sample collection

Three live bird markets (Market A, B, and C) from different districts in Bangkok
were selected in this study. The LBMs selection criteria were high density of live
birds especially chickens and ducks in the markets, multiple avian species in

participating LBM shops and cooperation of the shop owners.

Oropharyngeal and cloacal swabs were collected monthly from 20 chickens
or ducks in each selected LBM. Visiting in Market A, B and C were planned in the
second week, third week and fourth week of each month, respectively. A total
sample was approximately 1,500 samples. The swab samples were placed in 2 ml of
Brain-Heart Infusion broth (BHI) on ice and transported to laboratory within 24 hours.

All samples were stored at -80°c immediately until tested.

Phase 2: Virus isolation and identification

All samples were subjected to virus isolation following OIE Terrestrial Manual
2014 (OlIE, 2014). In brief, supernatant of swab from each sample was inoculated
into allantoic cavity of 3 embryonated chicken eggs (9-11 days old). All eggs were
then incubated at 37°c for 72 hours. After 72 hours of incubation, allantoic fluid was
collected from each inoculated egg and processed for influenza antigen screening by
using hemagglutination test. Both, virus isolation and HA test were performed in

biosafety laboratory level 3.

For virus identification, the HA positive samples were processed for RNA

extraction using QlAamp® Viral RNA Mini kit (QlAamp®, QIAGEN Group, Germany).
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Briefly, 150 pl allantoic fluid was mixed to 560 pl buffer AVL containing carrier RNA
and then incubated at room temperature (25°C) for 10 minutes. 560 pl of ethanol
was added and then applied solution to QlAamp spin column. After two washing
steps with buffer AW1 and AW2 respectively, RNA was eluted in 50 pl of AVE elution

buffer.

RNA samples were tested for Matrix (M) gene of IAVs by using real-time RT-
PCR with a Rotor-Gene RG-3000 machine (Corbett Research, Australia). The primers
and probe used were described in previous report (Spackman et al., 2002)
(APPENDIX). The results were interpreted by cycle threshold (Ct) value, samples with
Ct value less than 36 were considered as positive for IAVs. For influenza subtyping,
the RNA of M gene positive samples were reverse transcribed into cDNA and
processed to PCR subtyping with subtype specific primers (Tsukamoto et al., 2008;
Tsukamoto et al., 2009) (APPENDIX). The PCR products were subjected to agarose gel
electrophoresis, stained with ethidium bromide and visual analyzed under UV light to

identify influenza subtypes.

Phase 3: Genetic characterization of influenza viruses

All IAV isolates were selected for nucleotide sequencing. Some IAVs were
selected as representative viruses and subjected for whole genome sequencing

based on their subtypes and collection date. All eight genes of IAVs isolates were
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amplified by PCR using oligonucleotide primer sets from our primer inventories or
newly designed primer sets by using Primer3 Input (v.0.4.0) (APPENDIX). The PCR
products were prepared by agarose gel electrophoresis and purified by using
Nucleospin® PCR clean up kit. The cleaned PCR products were then subjected for
nucleotide sequencing at First BASE laboratories Sdn Bhd, Selangor, Malaysia.
Nucleotide sequences were validated and assembled using DNASTAR software

(DNASTAR, Inc., WI, USA).

The validated sequence of each gene of the IAV-H2 was analyzed for genetic
relationship with the reference nucleotide sequences of IAVs from GenBank database
using NCBI nucleotide BLAST tool. Reference sequences included viruses from North
American and Eurasian lineages. For phylogenetic analysis, the sequences were
aligned using Muscle v.3.6 (Tempe, AZ, USA) (Edgar, 2004). The phylogenetic analysis
was performed using the MEGA v.6.06 with neighbor-joining algorithm apply
bootstrap method with 1,000 replications (Tamura et al., 2007). For genetic analysis
of 1AVs, nucleotide sequences and deduced amino acids of each gene were aligned
and compared using by MegAlign v.5.03 (DNASTAR, Inc., WI, USA). The deduced
amino acids at significant positions were analyzed for genetic characteristic and

virulent determinants as shown in table 1.
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Table 1 Significant amino acid residues for genetic analysis

Viral protein

Amino acid substitutions

Phenotypic consequence

PB2

HA

HA

HA

NA (N3)

M1

NS1

E627K

Multiple basic amino

acids at HA cleavage site

Q226L

G228S

56-78 deletion

N30D

E92D

Mammalian host adaptation
(Steel et al., 2009)
HPAI (Horimoto and Kawaoka, 1994)

Increased virus binding to human-
type receptors (Connor et al., 1994)
Increased virus binding to human-
type receptors (Connor et al., 1994)
Viruses from domesticated poultry
(Campitelli et al., 2004)

Increased virulent in mice

(Fan et al.,, 2009)

Increased virulent in mice

(Seo et al., 2004)
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Chapter 4 Results

In this study, the IAVs survey in LBMs in Bangkok was conducted during May
2014 to April 2015. 1,374 samples were collected from chickens and ducks in three
different LBMs in different districts of Bangkok. All swab samples were processed for
virus isolation by using egg inoculation and haemagglutination (HA) test for screening
IAVs.  The real-time RT-PCR and subtyping of IAVs were performed for virus
identification and subtyping. Whole genome sequencing and phylogenetic analysis

of some IAVs were performed for genetic characterization of I1AVs.

4.1 Sample collection from three LBMs in Bangkok

The sample collection was conducted during May 2014 to April 2015. Three
LBMs from different districts of Bangkok were selected in this study including
Samphanthawong (Market A), Khlong San (Market B) and Khlong Toei (Market Q)
districts. All selected LBMs are local food markets where poultry meat, pork, beef,
fish, fruits, vegetables and other ingredients are sold (Table 2 and Figure 2).
Oropharyngeal and cloacal swabs were collected from each animal. A total of 1,374
swab samples were collected from 687 animals including 60.55% (416/687) from

chickens and 39.44% (271/687) from ducks (Table 3 and Table 4).



Khlong Toei Samphanthawong
Market A

Market C

4
Khlong San /
Market B

Figure 2 Map of districts of Bangkok where sample collection from LBMs

Table 2 Description of LBMs in this study

Market Province  District

Type of market

A Bangkok  Samphanthawong
B Bangkok  Khlong San
C Bangkok  Khlong Toei

Local food market
Local food market

Local food market
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Table 3 Number of avian species and swab samples collected in this study by market

Market Chickens  Ducks Total by market
A 235 (470) 0(0) 235 (470)

B 53 (106) 84 (168) 137 (274)

C 128 (256) 187 (374) 315 (630)

Total by species 416 (832) 271 (542) 687 (1,374)

Numbers in parentheses are number of swab samples
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Table 4 Number of avian species and swab samples collected in this study by month

Month Chickens Ducks Total by month
May-14 36 (72) 16 (32) 52 (104)
Jun-14 36 (72) 16 (32) 52 (104)
Jul-14 35 (70) 15 (30) 50 (100)
Aug-14 35 (70) 15 (30) 50 (100)
Sep-14 41 (82) 21 (42) 62 (124)
Oct-14 36 (72) 26 (52) 62 (124)
Nov-14 36 (72) 25 (50) 61 (122)
Dec-14 36 (72) 27 (54) 63 (126)
Jan-15 34 (68) 23 (46) 57 (114)
Feb-15 30 (60) 27 (54) 57 (114)
Mar-15 31 (62) 28 (56) 59 (118)
April-15 30 (60) 32 (64) 62 (124)
Total by species 416 (832) 271 (542) 687 (1,374)

Numbers in parentheses are number of swab samples

4.2 Influenza A viruses isolation and identification

All swab samples were subjected to virus isolation by using egg inoculation. After
virus isolation, all samples were processed for IAVs antigen screening using
haemagglutination (HA) test. A total of HA positive samples were 30.49% (419/1,374).
The highest percentage of HA positive samples by markets was market B (35.76%)
(Table 5). By month, the highest percentage of HA positive samples was in March
2015 (69.49%) (Table 6). The HA positive samples were tested for Influenza A

identification by real-time RT-PCR. Of 419 samples, 18 samples were positive for
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real-time RT-PCR. 18 Influenza viruses were detected from market C in November
2014, March 2015 and April 2015 (Table 7). The percentage of Influenza A viruses
isolated from market C was 2.85% (18/630) (Table 5). By month, the percentages of
Influenza A viruses were 4.09% (5/122) in November 2014, 6.78% (8/118) in March

2015 and 4.03% (5/124) in April 2015 (Table 6).

These results implied that the occurrence of Influenza A viruses in this study is
1.31% by samples (18/1,374) or 2.18% by animals (15/687). In this study, 18
Influenza A viruses were isolated from 15 ducks (5 isolates from 4 ducks in November
2014, 8 isolates from 6 ducks in March 2015 and 5 isolates from 5 ducks in April
2015). It is noted that 3 ducks were positive for IAVs by both oropharyngeal and
cloacal swabs (Table 7). Analysis by species of animals, the results showed
occurrence of 1AVs in ducks is 5.53% (15/271), while chickens were all negative for

|AVs.

In this study, two subtypes of Influenza A isolates were identified by PCR
subtyping with specific primers as H2N3 (n=13) and H2N8 (n=5) (Figure3, 4 and 5). All
H2N8 viruses were isolated from ducks in November 2014, while H2N3 viruses were
isolated from ducks in March (8/13) and April 2015 (5/13). Twelve out of 18
Influenza A isolates were isolated from cloacal swabs, while the others (n=6) were

isolated from oropharyngeal swabs (Table 7).



Table 5 HA positive and Influenza A positive samples from each market
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Market Samples HA positive samples (%)  Influenza A viruses (%)
A 470 168 (35.74) 0

B 274 98 (35.76) 0

C 630 153 (24.28) 18 (2.85)

Total 1,374 419 (30.49) 18 (1.31)

Numbers in parentheses are percentage of positive samples in each market

Table 6 HA positive and Influenza A positive samples in each month

Month Samples  HA positive samples (%)  Influenza A viruses (%)
May-14 104 13 (12.50) 0
Jun-14 104 6 (5.76) 0

Jul-14 100 7 (7.00) 0
Aug-14 100 22 (22.00) 0
Sep-14 124 11 (8.87) 0
Oct-14 124 38 (30.64) 0
Nov-14 122 60 (49.18) 5 (4.09)
Dec-14 126 29 (23.01) 0

Jan-15 114 33 (28.94) 0
Feb-15 114 49 (42.98) 0
Mar-15 118 82 (69.49) 8 (6.78)
Apr-15 124 69 (55.64) 5(4.03)
Total 1,374 419 (30.49) 18 (1.31)

Numbers in parentheses are percentage of positive samples in each month
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Table 7 Description of 18 Influenza A viruses isolated in this study

Sample Species of  Type of samples Month and year  Subtype
numbers animals

CU-15550C  duck Cloacal swab November 2014  H2N8
CU-15551T  duck Oropharyngeal swab November 2014  H2N8
CU-15555C  duck Cloacal swab November 2014  H2N8
CU-15556T  duck Oropharyngeal swab November 2014  H2N8
CU-15556C  duck Cloacal swab November 2014  H2N8
CU-16697C  duck Cloacal swab March 2015 H2N3
CU-16698C  duck Cloacal swab March 2015 H2N3
CU-16699T  duck Oropharyngeal swab March 2015 H2N3
CU-16699C  duck Cloacal swab March 2015 H2N3
CU-16700T  duck Oropharyngeal swab March 2015 H2N3
CU-16700C  duck Cloacal swab March 2015 H2N3
CU-16701C  duck Cloacal swab March 2015 H2N3
CU-16703C  duck Cloacal swab March 2015 H2N3
CU-16810C  duck Cloacal swab April 2015 H2N3
CU-16813T  duck Oropharyngeal swab April 2015 H2N3
CU-16818C  duck Cloacal swab April 2015 H2N3
CU-16819C  duck Cloacal swab April 2015 H2N3
CU-16823T  duck Oropharyngeal swab April 2015 H2N3

Sample numbers ; T are oropharyngeal swab ; C are cloacal swab
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15550C
15551T
-15555C
15556C
-16697C
-16698C
-16699T
-16699C

CU-15556T

|

@
C
C

M'arker

1,000 bp

343 bp
250 bp

Figure 3 H2 subtype identification by PCR assay using subtype specific primers;
Marker: 1,000 bp marker, H2: expected PCR product 343 bp
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CU-16698(

sl ,000 bp

1,000 bp

Figure 4 N3 subtype identification by PCR assay using subtype specific primers;
Marker: 1,000 bp marker, N3: expected PCR product 287 bp
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Figure 5 N8 subtype identification by PCR assay using subtype specific primers;
Marker: 1,000 bp marker, N8: expected PCR product 137 bp
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4.3 Genetic characterization of the Influenza A viruses isolates
4.3.1 Whole genome sequencing of Influenza A viruses

In this study, two representative viruses, CU-16701C (H2N3) and CU-15555C
(H2N8) were selected for whole genome sequencing. In addition, other 16 Influenza
A isolates were subjected to HA and NA gene sequencing (Table 8).

Table 8 Influenza A isolates selected for nucleotide sequencing in this study

Sample number Month and year Genes for sequencing
CU-15555C (H2N8)  November 2014 Whole genome sequencing
CU-15550C (H2N8) November 2014 HA and NA gene sequencing
CU-15551T (H2N8) ~ November 2014 HA and NA gene sequencing
CU-15556T (H2N8)  November 2014 HA and NA gene sequencing
CU-15556C (H2N8)  November 2014 HA and NA gene sequencing
CU-16701C (H2N3)  March 2015 Whole genome sequencing
CU-16697C (H2N3)  March 2015 HA and NA gene sequencing
CU-16698C (H2N3)  March 2015 HA and NA gene sequencing
CU-16699T (H2N3)  March 2015 HA and NA gene sequencing
CU-16699C (H2N3)  March 2015 HA and NA gene sequencing
CU-16700T (H2N3)  March 2015 HA and NA gene sequencing
CU-16700C (H2N3)  March 2015 HA and NA gene sequencing
CU-16703C (H2N3)  March 2015 HA and NA gene sequencing
CU-16810C (H2N3)  April 2015 HA and NA gene sequencing
CU-16813T (H2N3)  April 2015 HA and NA gene sequencing
CU-16818C (H2N3)  April 2015 HA and NA gene sequencing
CU-16819C (H2N3)  April 2015 HA and NA gene sequencing

CU-16823T (H2N3)  April 2015 HA and NA gene sequencing
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Table 9 Nucleotide sequences of each gene of Influenza A isolates in this study

Genes (position)  CU-16701C (H2N3)  CU-15555C (H2N8)

PB2 1-2280 1-2280
PB1 1-2274 1-2271
PA 1-2151 1-2151
HA 1-1689 1-1689
NP 1-1497 1-1497
NA 1-1410 1-1413
M 1-957 1-955

NS 1-816 1-838

4.3.2 Genetic characterization of H2 from ducks

In HA gene, BLAST analysis showed that H2 genes of Thai H2N3 and H2N8
viruses  were closely related to H2N1 virus isolated from  Japan
(A/duck/Hokkaido/162/2013(H2N1) with 97% and 98% similarity, respectively (Table
10 and Table 11). Phylogenetic analysis showed that all H2 viruses from this study
were grouped with viruses of Eurasian lineage (Figure 6). For genetic analysis, the
deduced amino acids of IAV-H2 were compared with those H2 viruses as shown in
table 12 including human pandemic viruses (A/Japan/305/57, A/Korea/426/68), H2
swine virus which derived from avian viruses (A/swine/Missouri/2124514/2006), H2
virus which were highest percent similarity (A/duck/Hokkaido/162/2013) and H5-HPAI
and LPAI for comparing pathogenic characteristics. HA cleavage sites of H2N3 and

H2N8 were PQIESR and PQTESR, respectively. There were no multiple basic amino
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acids indicating low pathogenic characteristics. The receptor binding sites of H2
genes were Q226 and G228 suggesting preferential binding with avian-type receptor
(2,3-linked sialic receptor). The right and left edges of receptor binding sites of Thai
H2 viruses at position 224-229 and 134-138 were NGQGGR and GGSRA, respectively.
These observations were similar to other avian viruses of Eurasian and North

American lineages (Table 12).

4.3.3 Genetic characterization of N3 from ducks

The N3 gene of 13 H2N3 viruses was compared with the reference sequences
of IAVs available in GenBank database. BLAST analysis showed that N3 gene of Thai
viruses was closely related to H2N3 virus isolated from Georgia (A/tufted
duck/Republic of Georgia/1/2012(H2N3) with 98% similarity (Table 10). As shown in
Figure 7, phylogenetic tree showed that all N3 isolates were grouped into the
Eurasian lineage, similar to other Thai N3 isolates from previous studies. For genetic
analysis of N3 gene, amino acid deletion was not found at the NA stalk region
(position 56 to 78; N3 numbering) suggesting wild bird origin. For example, amino
acid deletions of N3 gene were reported in viruses from domestic aquatic birds but

not in wild species (Campitelli et al., 2004).
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4.3.4 Genetic characterization of N8 from ducks

For the N8 gene, five H2N8 isolates were compared with the reference
sequences from GenBank database. BLAST analysis showed that N8 genes were
closely related to H3N8 virus isolated from Mongolia
(A/duck/Mongolia/30/2015(H3N8) with 99% similarity (Table 11).  Phylogenetic
analysis of N8 genes showed that the viruses were grouped in Eurasian lineage which

similar to the Thai viruses from previous studies (Figure 8).

In addition, 3 ducks were positive for IAVs by both oropharyngeal and cloacal
swabs. Comparison of nucleotide and amino acid similarities of both swab samples
from same duck showed 99.8-100% nucleotide similarity and 99.4-100% amino acid
similarity (Table 13). Point mutation was observed among swab samples in each
duck, it changed some nucleotides or base pairs of nucleotide sequences and

affected amino acid sequence of the protein products.

4.3.5 Internal genes of Influenza A viruses isolates in this study

As the representative viruses for whole genome sequencing, CU-16701C
(H2N3) and CU-15555C (H2N8) were selected. The other 6 internal genes (PB2, PB1,
PA, NP, M, NS) from each isolate were compared with the reference sequences of
IAVs available in GenBank database. BLAST analysis of internal genes was shown in

Tables 10 and 11. Phylogenetic analysis of internal genes of both H2N3 and H2N8



27

showed that internal genes were grouped with viruses in the Eurasian lineage except
NS1 gene of Thai H2N3 virus which was grouped into North American lineage.
Genetic analysis of internal genes, Glutamic acid (E) residue at position 627 of PB2
genes were observed in Thai H2 viruses. Aspartic acid (D) was found in Thai viruses
at M1 and NS1 genes (position 30 and 92, respectively). Amino acid substitution at
M1 gene (N30D) and NS1 gene (E92D) associated with high virulence of the viruses in

mammal hosts were observed (Seo et al., 2004; Fan et al., 2009).

Table 10 BLAST result present nucleotide identity of CU-16701C (H2N3) compared to

reference virus sequences available in GenBank

Gene Position GenBank Virus with the highest degree of Percent
accession nucleotide identity nucleotide
number identity

PB2 1-2280 LC121409 A/duck/Mongolia/543/2015(HANG) 99%

PB1 1-2274 LC108118 A/duck/Mongolia/66/2015(H10N2) 99%

PA 1-2151 AB916666 A/Muscovy duck/Vietnam/ 99%

LBM529/2013(H3N8)

HA 1-1689 LC041995 A/duck/Hokkaido/162/2013(H2N1) 97%

NP 1-1497 LC121341 A/duck/Mongolia/211/2015(H3N8) 99%

NA 1-1410 CY185342 A/tufted duck/Republic of 98%

Georgia/1/2012(H2N3)
M 1-957 LC121239 A/duck/Mongolia/30/2015(H3N8) 99%

NS 1-816 KP286881 A/duck/Jiangxi/27793/2013(mixed) 99%
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Table 11 BLAST result present nucleotide identity of CU-15555C (H2N8) compared to

reference virus sequences available in GenBank

Gene Position GenBank Virus with the highest degree of Percent
accession nucleotide identity nucleotide
number identity

PB2 1-2280 JXd54720 A/duck/Korea/DY104/2007(HANG) 99%

PB1 1-2271 KI764786 A/environment/Korea/UPO218/ 99%

2008(H1N6)

PA 1-2151 CY185582 A/mallard/Republic of 99%

Georgia/13/2011(H6N2)

HA 1-1689 LC041995 A/duck/Hokkaido/162/2013(H2N1) 98%

NP 1-1497 LC121341 A/duck/Mongolia/211/2015(H3N8) 99%

NA 1-1413 LC121238 A/duck/Mongolia/30/2015(H3N8) 99%

M 1-955 LC121311 A/duck/Mongolia/179/2015(H3N8) 99%

NS 1-838 JXa54717 A/duck/Korea/DY104/2007(HANG) 99%
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Table 13 Percentage of nucleotide and amino acid similarities of oropharyngeal and
cloacal swabs of 3 ducks (CU-15556, CU-16699 and CU-16700) that were positive for
IAVs by both swab samples

Sample no. Percent similarity of HA genes Percent similarity of NA genes
Nucleotides Amino acids Nucleotide Amino acids

CU-15556 99.9% 100.% 99.8% 99.4%

CU-16699 99.9% 99.9% 99.9% 99.8%

CU-16700 100.% 100.% 99.8% 100.%
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Figure 6 Phylogenetic tree of H2 genes
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— A/mallard/Missouri/M0130/2005|CY021143|H11N3

97
98
92
66
71
100 83
99
| |
0.01

100 A/northern shoveler/California/HKWF1370/2007|CY032690|H10N3

A/mallard/lllinois/110S5576/2011|CY 166300|H5N3
99 [ A/mallard/Wisconsin/110S4362/2011|CY166714|H11N3
Al/American widgeon/Mississippi/110S6097/2011|CY 166826|H5N3

Figure 7 Phylogenetic tree of N3 genes

Eurasian lineage

North American lineage
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64, @ CU-15556T

66| @ CU-15555C
95 ||| @ CU-15550C
100 @ CU-15551T
@ CU-15556C
Alduck/Mongolia/30/2015|L.C121238|H3N8
Alduck/Hunan/S3137/2009|KP862029|H10N8
Alduck/Thailand/CU 11686T/2011|KT318524|H3N8
A/duck/Thailand/CU 11676C/2011|KT318516|H3N8

Alduck/Thailand/CU 11679T/2011|KT318520|H3N8

Thai viruses

Alwild duck/SH38 64/2010|KC899755|H2N8

68 Almallard/Switzerland/WV4060057/2006/GQ415322|H2N8

74 Alduck/Eastern China/163/2002|EU429786|H6NS

Alwild bird/Korea/5 77/2005|JX444829|H7N8

,— A/mallard/Shanghai/SH 9/2013|KJ476659|H5N8

Algoose/Taiwan/TNC1/2015|KT388446|H5N8

100

Alchicken/kumamoto/1 7/2014|AB932558|H5N8
Alwaterfowl/Korea/S005/2014|KJ511814|H5SN8

67" A/spot billed duck/Korea/H455 42/2014|KJ509166|H5SNS
Alwild duck/Shantou/992/2000|CY 117375|H2N8

Alturkey/CA/1797/2008|HM589207|H2N8

100

Alherring gull/DE/703/1988|CY003916|H2N8

A/ruddy turnstone/Delaware Bay/142/1998|CY102262|H2N8
A/mallard/Ohio/130S1972/2013|KJ568331|H2N8
Alduck/Guangdong/E1/2012|3Q924787|H10N8
Alchicken/Jiangxi/34609/2013|KP285455|H10N8

94 Alaquatic bird/Korea/KN 4/2005|EU301278|H3N8

Figure 8 Phylogenetic tree of N8 genes

Eurasian lineage

North American lineage
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100

Alduck/Korea/DY104/2007|H4N6]|IX454720
@ CU-15555C
Alenvironment/Dongting Lake/Hunan/3 9/2007|H10N8|GQ325636
A/mallard/Republic of Georgia/3/2010|H7N3|CY 185440
Alduck/Thailand/CU 11676C/2011|H3N8|KT318511

96

98

Alduck/Thailand/CU 7518C/2010|H3N8|JX307135

Alduck/Thailand/CU LM7283T/2010|H7N6|JX307197
100 L A/quail/ Thailand/CU J2882/2009]H7N1|JX523344
[— Alduck/Mongolia/543/2015|L.C121409H4NG

100

100

10l A cu-16701C
A/mallard/Netherlands/12/2008|H2N3|CY 122307
Al/mallard/Sweden/33/2002|H2N3|CY 122090

67

100

64

AlPeking duck/Wagun/1689 6/1985[H2N3|CY 117170
100 — Afduck/Thailand/CU 8319T/2010|HIN7|KF591852
I: Alduck/Thailand/CU 9754C/2010H7N4|JX307163

Alduck/Thailand/CU 11655T/2011|HAN6|KT318495
77—,—— Alduck/Thailand/TS04/2006|H5N1|JQ794477

100 Al/quail/Angthong/71/2004|H5N1|AB440334

Alchicken/Sukhothai/NIAH114843/2008|H5N1|FJ750826
Alduck/Thailand/CU 10507T/2011|H7N4[JX307123

A/muscowy duck/Thailand/CU LM4759/2009|H10N3|CY 062577
A/muscowy duck/Thailand/CU LM1983/2009|H4N6|CY 062553
100 L A/muscowy duck/Thailand/CU LM1984/2009|H4N9|CY 062561

100
82

99

100

Alturkey/Wisconsin/1/1968|H5N9|CY 080514

A/mallard duck/ALB/57/1976|H5N2|CY 004324
Alturkey/Minnesota/1/1988|H7N9|CY 014793

Alherring gull/DE/703/1988|H2N8|CY 003921

99

98

Alchicken/New York/29878/1991|H2N2|CY 116946

A/American green winged teal/Ohio/130S1769/2013|H7N2|KJ527619
A/mallard/California/3078/2012|H2N3|CY 157582
Almallard/Alberta/243/2006|H7N3|CY 185768

Alruddy turnstone/Delaware Bay/142/1998|H2N8|CY 102267

AJ/Chicken/NY/14714 2/1999|H7N3|EU084927
Almallard/Alberta/34/2001|H7N1|CY 005098
A/mallard/Alberta/226/98|H2N3|CY 003983
Almallard/Alberta/590/2010|H7N8|CY 185812

0.02

98 _|_— A/mallard/ON/499/2005|H5N1|FJ031998
100 Alwild duck/Ohio/623/2004|H5N1|GU186792

Figure 9 Phylogenetic tree of PB2 genes
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A/muscowy duck/Thailand/CU LM1973/2009|H4N6|CY 062546
A/muscowy duck/Thailand/CU LM4754/2009|H10N3|CY 062570
Alaquatic bird/Korea/CN9/2009|HEN8|CY 098236

63

99

Alavian/Japan/8KI0184/2008|H4N6|CY 088719

— Alenvironment/Korea/UP0218/2008|H1N6|KJ764786

70l Awild duck/Korea/SH5 60/2008|HAN6|JX454759

100

Alduck/Yunnan/87/2007|H7N6|KF260530
@ CU-15555C

B 91,__ Algreylag goose/Iceland/1459/2011|H6NS|CY 149450
A/mallard/Sweden/101900/2009|H4N3|CY 165926

100 —— Alduck/Jiangxi/33641/2013|H10N3|KP 285523
100
Alruddy turnstone/Iceland/2899/2013|H5N1|KM213386
% Alduck/Mongolia/66/2015|L.C108118|H10N2

81 100 A Cu-16701C

Almallard/Netherlands/37/2008|H2N3|CY 122274
A/mallard/Sweden/5/2005|H2N3|CY 122242

" Alduck/Thailand/CU 12650T/2012|HANGIKJ525086
100 I: Alduck/Thailand/CU LM7288T/2010]H7N6|JX307250
Alduck/Rugen/79 6/1981|H2N3|CY117113
—100: Afmallard/Rugen/26 4/1980[H2N3|CY117073
{ Alchicken/Thailand/ TS02/2006]H5N11JQ79460
100 | Afduck/Thailand/ TSOL/2006|H5N1JQ794452

80

100

100 Almallard/Alberta/673/1980|H2N3|CY 117331
96 Almallard/New York/66861/1978|H2N3|CY 117257

Alchicken/New York/4438 3/1995|H2N2|CY 116977
Alduck/SK/4612/2010|H5N3|KC790075
Alchicken/Coahuila/1433 15/2006|H5N2|KM455943
A/mallard/Quebec/11063/2006|H2N3|CY 045293

Algoose/MB/428/2006|H5N2|KC790059

99
- [ Alchicken/BC/FAV9/2014|H5N2|KP 795735

North American lineage

_|:A/blue winged teal/Guatemala/CIP049 02/2008|H7N9|CY 067676
7% Al/mallard/California/3078/2012|H2N3|CY 157581

0.01

Figure 10 Phylogenetic tree of PB1 genes

Eurasian lineage




100

98

100

95

100

——— A/greylag goose/Iceland/0921/2011|H6N8|CY 149481
_|:A/duck/Thailand/CU 11655T/2011|HAN6|KT318497

100 Almuscowy duck/Thailand/CU LM1973/2009|H4N6|CY 062547
Alduck/Guangxi/1157/2006|H6N2|CY 109233

Alwild duck/Korea/SH60/2004|H1N1|HQ014759

—— A/mallard/Republic of Georgia/2/2012|H2N3|CY 185686

100 Alchicken/Kalasin/NIAH316/2004|HSN1|AB450534
100 I: Alduck/Angthong/NIAH8246/2004|HSN1|AB450539

A/duck/Hunan/S11893/2012|H4NG|CY 146595

@ CU-15555C

Al/mallard/Republic of Georgia/13/2011|CY185582|H6N2
Alduck/Bangladesh/14VIR1121 10/2013|H4N6|KM267823
A/muscowy duck/Vietnam/LBM201/2012|H3N2|LC028111

Alwild goose/Dongting/C1037/2011|H12N8|KC876690

Alduck/Thailand/CU 11676C/2011|H3N8|KT318513

Alduck/Thailand/CU 7519C/2010|H3N8|JX307233

Alduck/Mongolia/141/2015|L.C121275|HIN2

Al/muscowy duck/Vietnam/LBM529/2013|H3N8|AB916666
A CU-16701C

A/common teal/Netherlands/2/2008|H2N3|CY 122289
A/mallard/Sweden/107/2005|H2N3|CY 122233

Alduck/Thailand/CU 12659T/2012|H4N6|K 525987

100

87

Alchicken/PA/149092 1/2002|H7N2|EU742971

Allaughing gull/Delaware Bay/34/1994|H2N3|CY 117498

_|j Alherring gull/DE/703/1988|H2N8|CY003919
97 A/mallard/Alberta/720/1984|H2N3|CY 117346

Alduck/SK/4628/2010|H5N3|KC790068

95

100

A/mallard/ON/499/2005|H5N1|FJ032000
Almallard/Wisconsin/2576/2009|H5N1|CY 097355

A/mallard/Minnesota/Sg 00692/2008|H2N3|CY 042913

100

0.01

_|_7 Alcinnamon teal/California/HKWF1111C/2007|H5N7|CY 094442
Al/mallard/Alberta/22/2001|H7N3|CY 102669

Figure 11 Phylogenetic tree of PA genes
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@ CU-15555C

Alduck/Mongolia/211/2015|LC121341|H3N8

A CU-16701C

A/migratory duck/Jiangxi/33038/2013|H10N7|KP285894

73 A/duck/Jiangxi/15867/2013|H1ON3|KP285494

i—_A/domestic duck/Republic of Georgia/1/2010|H10N7|CY 185452

A/mallard/Republic of Georgia/14/2011|H10N7|CY 185692

Alchicken/Pakistan/NARC 28842/2011|H4N6|KF113549

67 —— A/mallard/Sweden/32/2002|H2N3|CY 122078

A/quail/Thailand/CU J2882/2009|H7N1|JX523348

p A/duck/Thailand/CU 12659T/2012|H4N6|KJ525989

84| 96 A/muscowy duck/Thailand/CU LM4754/2009|H10N3|CY 062573
WE A/muscowy duck/Thailand/CU LM1983/2009|H4N6|CY 062557

75 "Ij AlThailand/676/2005|H5N1|DQ360840

100

98

100 Alquail/Nakhon Pathom/NIAH7562/2005|H5N1|AB450587

100 \_‘— Alchicken/Uthaithani/NIAH115067/2008|H5N1|FJ868034
99 L A/chicken/Thailand/NS 342/2008|H5N1|EU850425
A/mallard/Netherlands/58/2008|H2N3|CY 122279
00— Alchicken/Guatemala/194573/2002|H5N2|GU186560
B > AN Alchicken/Durango/1433 8/2005|H5N2|KM455914
100 — A/mallard/Ohio/130S1972/2013|H2N8|KJ568330
Alduck/SK/4612/2010|H5N3|KC790078
62 Alturkey/CA/1797/2008|H2N8|HM589206
A/duck/AB/329/2006|H5N9|KC790086
A/wild duck/Ohio/623/2004|H5N1|GU186788
Alchicken/BC/FAV8/2014|H5N2|KP 795730
Lob Alchicken/lowa/13542 2/2015|H5N2|KT002490
gar Aldomestic duck/Washington/61 16/2014|H5N2|KP739390
86 - A/chicken/Washington/61 9/2014|H5N2|KP 739382

North American lineage

0.01

Figure 12 Phylogenetic tree of NP genes
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g5 - A/mallard/MT/Y61|H2N2|CY 116844
A/mallard/Rugen/26 4/1980|H2N3|CY 117068
A/mallard/Sweden/81/2003|H2N3|CY 122124
Alchicken/Jena/4836/1983|H2N2|CY 116964
A/mallard/Stralsund/41 6/1981|H2N1|CY 117092
Alsoftbill/California/13907 21/1994|H7N1|KJ162067
Almallard/Republic of Georgia/3/2010|H7N3|CY 185434
Alpintail/Novosibirsk/712/2009|H3N8|K F462359
A CU-16701C
Alduck/Mongolia/30/2015|LC121239|H3N8
84 L A/white headed duck/Chany/13/2011|H3N8|KF462308
Alduck/Mongolia/179/2015|LC121311]H3N8
E Alduck/Vietnam/LBM798/2014|H3N6|LC053487
L @ CU-15555C
Alduck/Thailand/CU 11655T/2011|H4N6|KT318501
Almallard/Sweden/103/2005[H2N9|CY 122221
Alduck/Thailand/AY 354/2008|FJ802404
Almuscowvy duck/Thailand/CU LM1983/2009|H4N6|CY 062559
Alquail/Thailand/CU J2882/2009|H7N1|JX523350
Almallard/Alberta/884/1984|H2N5|CY 003872
68 —|:A/silkie chicken/Pennsylvania/9600897/1996|H2N3|CY 117220
Almallard/Alberta/323/1988|H2N1|CY 101548
A/mallard/Interior Alaska/6MP0038BR2/2006|H2N3|CY 078692
@ Alblack scoter/New Brunswick/00010/2009|H7N6|CY 125366
—|:A/mallard/ON/499/2005|H5N1|FJ032004
Algreat black backed gull/Iceland/1393/2011|H2N5|CY 149405
A/mallard/California/3135/2012|H2N7|CY 157327
Alquail/California/K1400794/2014|H5N8|KP 101007
Almallard/Alberta/149/2002|H2N4|CY 003985
Alturkey/MB/FAV11/2010H5N2|JX570820
Almallard/Alberta/167/2010|H7N3|CY 185770
Almallard/California/5386/2009|H5N2|CY 094718

7%

100

86

99

A
0.005

Figure 13 Phylogenetic tree of M genes

Eurasian lineage

North American lineage
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A/blue winged teal/Alberta/604/1978|CY 120781|H2N3

A/mallard/W1/42/1975|H5N2|EU743297
A/mallard/New York/66861/1978|CY117255|H2N3
A/mallard/Wisconsin/793/1976|CY 180512|H2N3
Al/emu/NY/12716/1994|HSN9|EU743139

929 A/herring gull/DE/677/1988|H2N8|U96745
A/mallard/Alberta/720/1984|CY 117345|H2N3
A/duck/Minnesota/63/1976|H5N2|CY 180536
A/duck/SK/4628/2010|H5N3|KC790073

100 A/mallard/California/1438/2010|H2N3|CY 120567

A/mallard/Ohio/130S1972/2013|H2N8|KJ568333
A/ruddy turnstone/Delaware Bay/142/1998|CY 102264|H2N8

A/mallard/Korea/NHG187/2008|H7N7|KC609961

95
Alduck/Guangxi/GXd 1/2011|HIN2|KF013922

95 IL A/duck/Thailand/CU 11676C/2011|H3N8|KT318518

A/wild goose/Dongting/C1037/2011|H12N8|KC876695

A CU-16701C

g7 A/duck/Jiangxi/27793/2013|mixed|KP286881

621 A/duck/Vietnam/LBM300/2012|H10N2|AB807876
A/duck/AB/329/2006|H5N9|KC790089
A/duck/Pennsylvania/9411697/1996|H2N3|CY 117191

99 A/mallard/Alberta/79/2003|H2N3|CY 003996

Alchicken/Durango/1433 9/2006|H5N2|KM455925

A/mallard duck/ALB/57/1976|H5N2|CY 004321

A/wild bird/Korea/GS26/2006|H4N6|JX454733
A/goose/Zambia/07/2008|HAN6|AB569523

A/common shelduck/Mongolia/2106/2011|H3N8|KC871475
A/duck/Hokkaido/W9/2015|LC148832|H1N1

@ CU-15555C
A/mallard/Sweden/5814/2005|H4N6|CY 164516
A/duck/Korea/DY 104/2007|H4N6|IX454717
Al/gadwall/Altai/1325/2007|H3N8|CY 049800

0.02

Figure 14 Phylogenetic tree of NS genes
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Chapter 5 Discussion

5.1 Epidemiology of influenza A viruses isolated from LBMs

The occurrence of influenza A isolated from this study was 1.31% (18/1,374)
which was higher than those in the previous studies in LBMs in 2009 (0.36%) and
2006-2007 (1.30%) in Thailand (Amonsin et al., 2008; Wisedchanwet et al., 2011).
However, this study was surveyed in Bangkok area, while the previous studies in
2006-2007 focused on HPAI H5N1 survey in 10 provinces of central Thailand.
Previous study in 2009 focused on 4 provinces of central Thailand. In this study, 18
isolates were isolated from 15 healthy mature ducks from a LBM (Market C) located
in Khlong-Toei district, Bangkok. It is noted that this LBM housed many live poultry
vendor shops and received poultry from different sources from central and eastern

provinces of Thailand.

In this study, all viruses were isolated from ducks in a LBM. Ducks and other
aquatic birds are known as the reservoir of IAVs. Survey of IAVs in ducks and aquatic
birds have revealed high prevalence of low pathogenic avian influenza (LPAI)
primarily in juvenile birds (Webster et al., 1992). However, in this study, most ducks
housed in LBMs were mature ducks and slaughtered for fresh meat every day. Thus,
it could reflect low prevalence of IAVs in LBMs in this study. On the other hand, all
chickens were tested negative for IAVs. This result suggested low rate of IAVs

infection in chickens in LBMs and correlated with previous study that chickens have
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lower susceptibility to LPAI than other avian species (Tonnessen et al, 2011).
Another reason, only healthy chickens were usually sold in LBMs, while HPAI infected
chickens present severe clinical signs. It is noted that HPAI-H5N1 was not detected
from selected LBMs in this study. This finding correlated with no HPAI-H5N1

outbreaks reported in Thailand since 2008 until now.

5.2 Live bird markets

Our results correlated with other reports that LBMs are the potential sources
of IAVs transmission and evolution. Previous study reported that two IAV isolates
(H4N6 and HAN9) were found in the same duck, possible multiple subtypes infection

or genetic reassortment in duck in LBM in Thailand (Wisedchanwet et al., 2011).

In this study, three LBMs in Bangkok were surveyed monthly during May 2014
to April 2015. All selected LBMs were local food market located near community
areas. Domestic poultry were housed in cages with high density setting and
slaughtered on site for fresh meat. From our observations in each vendor shops,
they usually housed poultry from dealers for 1-7 days depending on supply and
demand. Some shops receive poultry from dealers daily, causing more poultry from
different sources in the shops during housing periods. In this study, market C in
Khlong-Toei district, Bangkok house many live poultry vendor shops and receive

poultry from different sources every day, this environment could lead more chances
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of IAVs transmission than other 2 LBMs which located in Samphanthawong and

Khlong-San districts in Bangkok.

5.3 Genetic characterization of influenza A viruses isolated from LBMs

In this study, two IAV subtypes were identified as H2N3 and H2N8. Genetic
characterization of representative viruses showed that viruses from this study pose
low pathogenic characteristics (LPAI). Phylogenetic analysis showed that viruses were

closely related to Eurasian avian viruses.

Genetic analysis of representative viruses, the receptor binding sites of H2
genes were Q226 and G228, the viruses prefer to bind with avian receptor (2,3-linked
sialic acid receptors) (Connor et al,, 1994). In human H2 and H3 viruses, the amino
acid at position 226 and 228 change to leucine (Q226L) and serine (G2285S),
correlated with the adaptation from avian to mammalian hosts (Connor et al., 1994).
The right and left edges of receptor binding site of the representative viruses at
position 144-148 and 234-239, were GGSRA and NGQGGR, which is similar to those of

H2 of avian Eurasian lineage (Nobusawa et al., 1991).

In N3 gene, the 23 amino acid deletion (position 56-78) was not observed at
NA stalk region, implied that N3 genes from this study could be derived from
Eurasian wild birds. The amino acid deletion of N3 gene was found in IAVs from

domestic or terrestrial poultry but not wild species (Campitelli et al., 2004).
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However, ducks that infected with H2N3 and H2N8 viruses could not be traced back
to origin sources. Therefore, we do not know whether these ducks were housed with

or without contact from wild birds.

In PB2 gene, E627 was observed in Thai H2N3 and H2N8 viruses. However,
mutation of E627K in PB2 gene enhance the virus replication in mammal hosts as
previously found in HPAI-H5N1 from mammals and human in Thailand and H7N9
isolated from human in China (Amonsin et al., 2006b; Gao et al,, 2013). Moreover,
aspartic acid (D) at position 30 in M1 gene and position 92 in NS1 gene were found in
Thai H2N3 and H2N8 viruses, it was noted that D30 in M1 and D92 in NS1 gene
associated with high virulence of virus in mammals as previously found in HPAI-H5N1

isolated in Thailand (Seo et al., 2004; Amonsin et al., 2006b; Fan et al., 2009).

5.4 Influenza A viruses subtype H2

IAV subtype H2 have never been reported from animals or humans in
Thailand (according to data from GenBank database). Our result is the first report of
H2N3 and H2N8 subtypes in Thailand. It should be noted that IAV subtype H2 were
first isolated in human from 1957 to 1968 as the pandemic H2 human viruses and
then disappeared. This H2 human pandemic strain was derived from avian Eurasian

strains (Mulder et al,, 1958). Even though, H2 viruses have not been detected in
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human for a long period of time, H2 viruses have commonly circulated in domestic

poultry and aquatic birds (Shortridge, 1979; Sinnecker et al., 1983).

In 1900-1991, the National Veterinary Services Laboratories in Ames, USA,
reported H2N2 viruses in healthy chickens, ducks, guinea fowl, and environment in
live poultry markets (Schafer et al., 1993). In 2013, novel H2N2 isolated from a
healthy duck in LBM in China, this virus emerged from genetic reassortant viruses

circulating in Eurasian ducks (Ma et al., 2014).

During the past decades, only small numbers of avian H2 viruses were
reported from domestic poultry and wild birds in North America, Sweden, the
Netherlands, Japan and Hong Kong but not in Thailand. In general, H2 subtypes of
IAVs are isolated not only from avian species, but also from swine. The researchers
in the US isolated novel H2N3 viruses from swine herd in 2006, the genetic analysis
showed that these viruses were originated from American avian lineage. The swine
H2N3 viruses pose receptor binding residues which increase affinity for 2,6-linked
sialic acid receptors, suggesting it ability to replicate and transmit in mammalian
hosts (Ma et al,, 2007). Swine could be infected with both human and avian
influenza viruses. It is possible to promote novel reassortant viruses, the resulting
those viruses would likely be able to infect human and spread from person to
person (Castrucci et al., 1993; Ito et al., 1998). Thus, active surveillance and genetic

characterization of avian H2 viruses are important for monitoring of mammalian
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adaptation, antiviral susceptibility and candidate vaccine strain selection. All of

which are critical components in public health response to Influenza.

In addition, we found some limitations of this study. First, this study was
conducted for one year (during May 2014 to April 2015). Even though H2 viruses
could be found circulating in LBMs but the correlation of seasonal pattern or other
factors indicating the risk of IAVs circulation and transmission in LBMs could not be
concluded. Second, the origin of H2 viruses could not be identified. Infection of H2
viruses in poultry could be before or after entering LBMs. Thus H2 viruses may or
may not be introduced from wild birds to domestic poultry and brought into LBMs.
Third, H2 viruses had never been reported in LBMs in Thailand. Further studies on

the pathogenicity and transmission of H2 viruses should be conducted.

Based on our results, several subtypes of IAV in this study reveal diversity of
viruses circulating in Bangkok.  The valuable information about occurrence,
circulation and transmission of IAVs can help the authorities to utilize this knowledge
for disease preventive measures. Good sanitary and personal hysiene of vendors or
workers can reduce risk of IAV circulation in LBMs. Thus, continuous survey of IAV in

LBMs should be routinely conducted.
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Conclusions and suggestions

In this study, H2N3 and H2N8 were found circulating in LBMs in Bangkok

during May 2014 to April 2015. Our findings could be summarized as following

® H2N3 and H2N8 had never been reported in LBM in Thailand. The isolation

of H2N3 and H2N8 subtypes in this study implied that H2 viruses introduced
to domestic poultry and brought into LBM.

H2N3 viruses were isolated from LBM in March and April in 2015. In this
situation, the viruses could be separately introduced from poultry farms into
LBM or continuously circulate in LBM. Unfortunately, information of the
source of H2 viruses was limited.

From genetic analysis, both H2N3 and H2N8 pose low pathogenic
characteristics. Based on receptor binding sites of H2 viruses suggested that
these viruses preferential binding with avian-type receptor.

All viruses were isolated from ducks in LBM where housed many poultry
vendor shops and received poultry from the central and eastern provinces in
Thailand. It is noted that LBMs could be potential sources for transmission

and evolution of IAVs.

From our conclusions, continuous survey of IAVs in LBMs is very important and

should be conducted to reveal influenza A viruses circulation and evolution.
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The results from this study could lead to suggestions on IAVs prevention and

control in LBMs as following

® Authorities or veterinarians should know information about occurrence,
circulation and transmission of IAVs to utilize this knowledge for disease
preventive measures.

® \endors or workers should wear proper personal protective equipment (PPE),
careful attention to hand hygiene and avoid unprotected contact with sick or

death poultry in LBMs.

® | BMs need appropriate sanitation and hygiene. Cleaning of environment in
LBMs with disinfectant can reduce the risk of 1AVs circulation.

® Farm workers should maintain sanitation standards in poultry farms, provide
protective clothes to those who visit farm, house poultry indoor to avoid
contact with wild birds which have been known as natural reservoirs of IAVs.

® |n rural areas, poultry were raised in backyard with other animals. This
environment creates suitable surroundings for IAVs transmission and
reassortment. To reduce the risk of IAVs transmission to human, reduction of

human-animal interface should be recommended.

To date, there is no evidence of human infection with H2 viruses from LBMs in

Thailand. However, good sanitation of LBMs, provident information of IAVs and
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continuous surveys of IAVs in LBMs are very important to prevent outbreaks or

transmission of H2 viruses from animals to human.
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1. Description of each LBMs in this study

Market A

Location Samphanthawong district, Bangkok
Type of market Local food market

Poultry sold in market Chickens and ducks

Number of poultry shops 3

Number of participating shop 1

Market B

Location Khlong-San district, Bangkok
Type of market Local food market

Poultry sold in market Chickens and ducks
Number of poultry shops 2

Number of participating shop 1




Market C

Location

Type of market
Poultry sold in market

Number of poultry shops

Number of participating shops

59

Khlong-Toei district, Bangkok
Local food market

Chickens, ducks and geese
Approximately 20

2
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2. Protocol for real-time reverse transcription-polymerase chain reaction

(rRT-PCR)
Reagents Volume
10 uM of forward and reverse primers 4 ul
2.5 UM 64 probe 0.5 ul
2x Master mix 6.25 pl
Superscript Il 0.25 pl
Distilled water 0.42 ul
50 uM MgSQq 0.08 pl
Final volume 12.0 ul

The PCR condition for real-time RT-PCR
Step1; 50°C for 30 minutes

Step2; 95°C for 15 minutes follow by 50 cycles
Step3; 95°C for 15 seconds

Stepd; 60°C for 30 seconds



3. Protocol for cDNA synthesis

First step
Reagents

RNA

Random primer
Second step
Distilled water
5X cDNA buffer
2.5 mM MgCl2
0.5 mM dNTP
RNase inhibitor
ImProm-II'"" Reverse Transcriptase

Final volume

Volume
5 ul

5 ul

3.7 ul
4 ul
2 ul
1 ul

0.3 ul
1 ul

22 ul
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4. Protocol for PCR subtyping assay
Reagents
cDNA
10 uM of forward and reverse primers
2X KAPA Tag Master Mix
Distilled water

Final volume

The PCR condition for IAVs subtyping assay
Step1; 94°C for 2 minutes (Initial denaturation)

Step2; 94°C for 30 seconds (Denaturation)

Step3; 50°C (HA primers) and 45°C (NA primers) for 30 seconds (Annealing)

Stepd; 72°C for 30 seconds (Extension)
Repeat step 2 to 4 for 40 cycles

Step5; 72°C for 7 minutes (Final extension

Volume
0.5 ul
0.5 ul

5ul
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5. List of oligonucleotide primers for IAVs designed in this study
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Gene Primer name  Size (bp) Primer sequence (5’-3”)
PB2 F5’ 24 aecC aaa agc age tca att ata ttc
PB2 R1+ 20 ttt gga ggt tgc ctg taa gc
PB2 F2 21 aec aca aga tet cat cat gga
PB2 R3 21 Cga cca ctc ttt cag tgc tag
PB2 F41 21 gta gca atg gtg ttc tca cag
PB2 R3’ 25 agt aga aac aag gtc gtt ttt aaa c
= PB2 11F 19 age raa age agg tca awt a
PB2 11R 18 ccc att get gey ttg cat
PB2 12F 18 gga tgg trg aca tyc tta
PB2 12R 22 get tca aay tcc atc tta ttg t
PB2 13F 19 caa tea tgt ggg ara tca a
PB2 13R 19 tgg cca tca gta gaa aca a
PB1 F5’ 23 agC aaa agc agg caa acc att tg
PB1 R2 21 agc tct gta tct tgt gag tta
PB1 F3 21 gca tct gtg aaa aac ttg agc
7ol PB1 R4 21 atc act gta act cca atg ctc
PB1 F3’ 21 tcc tct gat gat ttc gct ctc
PB1 R3’ 23 agt aga aac aag gca ttt ttt ca
PA F5’ 22 agC aaa age agg tac tga tcc g
PA R1 19 gtc tct tcg cct cte teg g
PA F2 20 gat gaa gag agcC agg gca ag
PA PA R3 21 ctc att tcc atg ccc cat ttc
PA F3 19 tgg aag cag gtg ctg gca g
PA R3’ 24 agt aga aac aag gta ctt ttt tgg
H2 A162F 24 Cca tag aca atc aaa agc aag aca
H2 A162R 20 agc att tgt tcc cca ctt gt
H2 A163F 20 ttg ccc aaa gat agg tgg ac
H2 A163R 20 tcc ata cca acc atc aac ca
e H2 Al64F 22 ttg gca aca gga tta aga aat ¢
H2 A164R 20 ttc atg cat tca tca tca ca
H2 A165F 21 tgc aaa aga act agg gaa tgg
HA HoffR 35 ata tcg tct cgt att agt aga aac aag ggt gtt tt
NP F5’ 22 agC aaa agc agg gta gat aat ¢
NP R1 21 cca tcg tcc cga cte cct tta
NP NP F2 21 tga tgc cac ata cca gag aac
NP R3’ 23 agt aga aac aag ggt att ttt ct




List of oligonucleotide primers for IAVs designed in this study (Continued)
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Gene Primer name  Size (bp) Primer sequence (5-3")
N3 F1 21 tga atc caa atc aga aga taa
N3 R1 20 tag ttc cya gya wwe cyc ct
N3 F2 20 ttc aca agg aca atg caa ta
he N3 R2 20 aca aca car gtc ccr tca at
N3 F3 20 tgc atg acw ggr aat gay aa
N3 R3 19 ayr ttr ctt ggr gar tca ¢
N3 F4 20 ayt rga aac agg gta tgt rt
N3 R4 21 tct rtt act tgg gca taa acc
N8 A31F 22 aaa agc agg agt tta aaa tga a
N8 A31R 18 gtc aca cca acc gtc atc
N8 A32F 18 act cga atg gga cgg taa
N8 A32R 20 tca atg tgt cct cca tta aa
N8 A33F 20 tag ttc att ate ggg gag tg
N8 A33R 22 gac caa ttc aaa tta tca aca a
N8 A34F 20 gat act cca aga gg¢ gaa ga
N8 A34R 21 tga cca gta gaa aca agg agt
M 71F 20 gga gCr aaa gca ggt aga tr
M 71R 21 tct gct cca tag cct twg cyg
M MT2F 18 cca gtg arc gag gac tgc
M 72R 20 tgt tga caa aat gac cat cg
NS 1F 20 agC raa agc agg gtg aca aa
" NS 890R 20 agt aga aac aag get ott tt




6. Single letter amino acid code

A

C

Alanine
Cysteine

Aspartic acid

Glutamic acid

Phenylalanine

Glycine
Histidine
Isoleucine
Lysine
Leucine
Methionine
Asparagine
Proline
Glutamine
Arginine
Serine
Threonine
Valine
Tryptophan

Tyrosine

Ala
Cys
Asp
Glu
Phe
Gly

His

Lys

Leu
Met
Asn

Pro

Gln
Arg
Ser
Thr
Val
Trp

Tyr
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