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CHAPTER 1

1.1 INTRODUCTION

Swine influenza (SI) is an acute respiratory disease in pigs caused by type A

classified by viral surface proteins:
16 HA and 9 NA subtypes are
\ are the major subtypes
circulating in the . Dee, 2005). However,
swine can be infec 7 A ] as H2N3, H1N7, H3N3,
HANS, H3NT and HONB'(LekEhdrdbisuk 8t all, 200 . 2006; Ma et al., 2007;
Cong et al., 2008 ving' influenz: ifus Ca‘ ses acute respiratory

syndrome showing‘clinigal sigr as=coughing, dy: fever, prostration and

(PRDC) leading to eco » : ' " I 10} coun | i er the world (Van Reeth et al.,
2001; Drolet et al., 2003: 1, 2 4). § le, SIV alone costs the British

house which is the i ( ine i stry  worldwide, including

Thailand (Kay, 1994; @e 2005). Therefore, pﬁfnnon and control of SIV in swine herds

is nece ;I qw\g ﬁgﬂ aa(lﬁﬁg of prevention
and co tqj progr ster et nnell irect detection of the
viruses and/or viral genetic matenalfoan be problemétie since SIV sheddingtime in the

TGP TH B VTR B
Qerodiagnoticr assay will be hélpfdl to detect the indirect antibodies égainst SIV in
infected pigs.

Importantly, SIV is a public health concern as it has a zoonotic potential, due to

influenza A virus can be infected in many animals including birds, horses and humans.



Many researchers occasionally reported SIV isolates in humans (Myers et al., 2006;
Myers et al., 2007). Myers et al. reviewed cases of SIV in humans from the PubMed

database in April 2006 and found 50 cases of apparent zoonotic SIV infection (Myers et

al., 2007). Additionally, in Thailand, a

reported (Komadina et al., 2 oreove / ! ay act as a ‘Mixing vessel’ since
their tracheal itheli ontai 46 both 2,3- and 2,6-N-

acetylneuraminic acid-galactese lir , infected with either human or

boy infected by H1N1 SIV had been

idely transmits among

humans, containing afreas nt gen ith i ian and human viruses

pigs (Galwan : Vi w Li tigation of influenza

A virus in animals'is an important Jutbreak threats. The

influenza A virus ﬁestigano mformaﬁw for understanding the

epidemiology, ep|deP|C prediction and vaccme development which lead to effective

ﬂTIE[ AmaswerIns... .

first H3N IV case was reported |3*1981 Subsequgy, 10 years later tEJH‘IN‘I SV

YRS IR AN AR R

et al., 2008; Takemae et al., 2008). However, SIV data in Thailand was limited. Only one
pathologic study of SIV in Thailand was report (Sreta et al., 2009) showing both H1N1
(A/sw/Thailand/HF6/05) and H3N2 (A/sw/Thailand/S1/05) SIV, isolated in Thailand in



2005, were able to induce flu-like symptoms and lung lesions in infected pigs.
Additionally, the HA and NA genes were also genetically evaluated. The HA gene of the

Thai H1N1 belongs to classic swine Imeage whereas, the NA gene belongs to the avian

virological survei

with respiratory symptorn | al et number of SIV cases

i ;
Thailand and each study usﬁg;&fezem , cal tests might yield different results.
. . AT . . .
Several serodiagnostic toells_::hé/gafoe 1M for-antibody detection against SIV

including ELI,.' _‘ SN and |FA tests (W or : Ar long these tools, HI test

-

has been used_gommonly in most ve

influenza virus an@)dy it DeC

standard test for |nternat|onal trade of animals by Office International des Epizooties

i’fmﬁﬂﬂ k15N 1io {13 Vi i Mg

and Sasa I, 2006). In Thailand, 2 clusters in each H‘I&and H3N2 SIV haWen found

q w& Fﬂl @? lﬁ zr* ﬁ ?l %té’tl ﬂtatwe
qwculatmg viruses for the est had not been evaluate hailand. A test

provides rapid screening for the presence of SIV antibodies since the method can test

c'v"*- ‘ ories to detect anti-

3 region%vd considered to be the

92 serum samples per plate in less than 2 hours (Lee et al., 1993; Webster et al., 2002).

The commercial IDEXX ELISA H1N1 and H3N2 kits are used separately and are



available worldwide, but their capacity to detect antibodies to the Thai SIV has not been
investigated. Moreover, there were not enough data regarding serologic surveillance

and genetic characterization of SIV in Thailand. Importantly, the data since 2005 have

not been studied. This information sk current serodiagnotic tests must be
evaluated continuously and ., » ' yt Thai SIV is of importance for
virological and epidemie __4

* £ Al
been co-circulating in Thailaﬁd:#ﬂgﬁ

L

H3N2 viruses'-e found in Thailand. ith swine influenza

hailand during 2008-

2009 using vario@ [ igeniqﬁoperty of difference six

Thai SIV isolates Wa‘g evaluated by HI test. Evidently, the results will be useful for
7

selecti f the r I=.'e |V isal ti in, th ay locally. The
fourth Hpudﬂﬁhmrﬂvai woﬂm—ﬁaﬁ?ﬂﬂuenza virus
transmiss%n on Thai swine farms. Sg'ological study oﬂvine—exposed and I&Iclz‘@—exposed

BRI HN NG

-human influenza transmission on Thai swine farms which swine-exposure is a risk
factor. This report manuscript was accepted on Veterinary Microbiology. The fifth
chapter deals with evidence of pandemic (H1N1) 2009 virus in a commercial swine farm

in Thailand. In this chapter, we reported the whole genome of six pandemic H1N1 2009



viruses and two endemic H1N1 viruses co-circulated in the same farm since early
November 2009 to late March 2010. This report manuscript was published on the

Emerging Infectious Disease, volume 16 and page 1587-1590.The last chapter is the

conclusion and suggestion includi nd control of the disease in Thailand.

Swine i‘n uen ) acute respiratc of siine caused by type A

influenza viru v_“'““—""‘“""“‘_""“—”Z“ i@‘ worldwide are

ﬂ . ' ,' However, pigs are able

ubtypes of influenza A virus, such as 2, H2N3, H1N7, H3N3,

classical SIV and
to infect with oth
H4N6, H3N1 and Hﬁ&ekcharoensuk et all.2006; Shin et al., 2006; Ma et al., 2007;

o 8 A A WP A e

mdustry e infected pigs will Iose their weight resulting in increasing growing period

Cyen s res g

splratory disease characterized by fever, inactivity, decreased food intake, respiratory
distress, coughing, sneezing, conjunctivitis and nasal discharge. SIV infection is
transmitted by direct contact using nose-to-nose contacting and airborne transmission.

The virus will be excreted directly with secretion from infected pigs. Incubation period of



Sl is between 1- 3 days and rapidly recover within 4-7 days. In pregnant sows, SIV can
cause abortion in 3-7 days of infection (Webster et al., 2002; Dee, 2005). However, the

infected pigs can easily be susceptible to the secondary infection of other respiratory

introduced to the naive pig herds, ' gh no ( y increase up to 100% but the
mortality rate is as lo 1%.SIV [ ‘dic lung lesions observed in

genera: A, B .p;sg_ | l et.al., 2007). The former
3 genera are transmitted to vertebrates
via ticks but do n Y ause influe s'Isa vir ectious salmon anemia
virus, is transmitted to fish through Contamlnated water. Influenza A, B and C are
charac b ir ﬁ Only influenza
A VII’US ufj noti vmﬁm l ‘ M’Tﬂxﬁlﬂﬁe characterized

their sub%es based on the antlgemClty of two su&ce glycoproteins; &9 and NA.

WRNTE R AT I NETRE.

subtypes have been isolated from particularly aquatic birds that are believed to be a

natural host and reservoir for influenza viruses (Ma et al., 2009).



Influenza A viruses are 80-120 nm enveloped viruses with negative single
stranded, segmented and RNA genomes. Morphology of the virus particles is roughly

spherical with glycoprotein HA and NA spikes on the surface. The HA spike appears in

rod-shaped by electron mlcrosc

the NA spike has mushroom-shaped
(Laver and Webster, 1966; L\' y 2
structural viral capsule ﬂ%wral‘)bonu

viral RNA and 4 proteins;

proteins are associated with

RNP) complex composing of

1.1). There are eight R en W € viral geneme composing of about 13,588

nucleotides encoded 1QaifotaifA ! 11.2) (Heinen, 2003; Vincent et al., 2008).

~HA protein

NA protein

M1 protein

M2 protein

amaxﬂﬂmumqwmas

|gure 1.1 Morphology of the influenza A virus particles (adapted from Mart et al, 2010)



Table 1.1 RNA segment of influenza A virus (Heinen, 2003)

RNA segment  Nucleotides Protein Amino acid  Molecules/virion

1 2341 759 30-60
2 2341 757 30-60
3 716 30-60
4 566 500
5 408 1000
6 454 100
7 | 2 3000
| 7 o7 20-60
8 F oy e " 0
A 130-200

]

4F |

AUEINENINYINS
RN TAUNIINGIAE




Table 1.2 Function of encoded proteins of the influenza A genes (Mitteiholzer, 2006).

Segment Encoded Function

Polypeptide

1 PB2 Initiation of viral mR A ranscription through recognition and binding of

re-mRNAs used to generate primers for

2 PB1 imed nascent viral mRNA and

RNA synthesis. It contains the
ependent RNA polymerase. It
ding to conserved 5'- and

olecules.

PB1-F§ ponse to influenza A virus by

\.

-.{- bly of functional viral RNA

active intermediates.

.-}- and fusion between the virion

5f the endosome.

RNA to from coiled ribonucleoprotein

' s;lassociate.

" ﬁ- glycolipids to free

Froms a shell surrounding the virion nucl%apsids underneath the

virion envelope. Play an important role in intiating progeny virus
""" [V

Welnns
i ‘ es “sla slgndor transport to the

m cell surface‘Act as a portion channel to control the pH of the cell Golgi

QRN NSUIBITNYTRY

Regulates nuclear export of mMRNA and inhibits pre-mRNA splicing.

Probably inhibits IFN-mediated antiviral responses of the host.

NEP Provides M1 with a nuclear export signal that mediates the nuclear

export of VRNA from the nucleus to the cytoplasm.




10

3. Epidemiology

Swine influenza is an important respiratory disease and is endemic in the swine

population leading to economic loss in swine industry worldwide. Mostly, the prevalence

was high in late fall and early in the cold countries. However, the
epidemics or pandemics of I ma / ‘ easons; an immunologically naive
population, poor husbandry;: - e&infeotions and cold weather
7 | : atial nd has been occasionally
reported in humans, | : ailand/2 1/2005, H1N1) (Komadina et al.,
2007).

Sl was fi pandemic in humans

‘ k b
known as ‘Spanis 0 f-‘—.q (Vincent et al., 2008).

d
Although, the etiolo ’\ in 1930 (Olsen, 2002).
Currently, SIV cir il vd ide-. 'l‘l ‘ and subtypes including
classical swine H1N / | | vian-like” H3N2 and H1N2
viruses (Webby et al., 8 ------— = ' : ., 2009). The epidemiology of
SIV occurs in two forms; ep| m .... -- 1 the eidemic form, the virus quickly

-!!" -
moves through all swine uni " ":‘ e farm a-rapid recovery, if there are no

complicating facto thé endemic form, clinical

signs may be less 1 : or:‘l‘ clinical signs (Brown,

g

In the United‘$tates S| was first clinicnay recognized in pigs in the Midwestern

TN

U.S. swine industry. It was notgduntil 1998, suw)e H3N2 was ewged and

FTRIMINTUEN VIR RE

qf H1N2 SIV in 1999 (Olsen, 2002). Genetic diversity in each subtype always is the

2000).

characters of influenza. For example, in North American, subtype H3N2 isolates had
been identified by phylogeny analysis of the HA1 region of HA genes into three different

clusters; I, 1, and lll (Vincent et al., 2008). In addition, using HI and serum neutralization
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tests, Gramer et al. found that the viruses in cluster Il had limited cross-reactivity with
viruses of other clusters (Gramer et al., 2007; Vincent et al., 2008). In addition, Vincent et

al. compared the pathologic and serologic reaction of 10 H1N1 SIV isolates collected

over the last 75 years and found signifi iability in pathogenicity (Vincent et al.,
2006). The serological rest ) ‘ that the classic historical H1N1
viruses tended to have" istorical sera and antigens, with
moderate to good cross- ivi i 1 / ntigens. However, the modern

swine sera were less vesto the hi torica v use incent et al., 2006). Similarly,

that seropositive lierds of each HINA, H IV w \-‘, her than 90% of 107

swine farms in S@ in 2007 (1

genetic variation mo;dmg classical swine H1N1 avian-like H1N1, human- and avian-

et LI ﬂﬂaﬁiﬂﬂﬁﬂ? e i
reasso d avianlinternal genes (Van
Reeth et al., 2003).

WIS if‘ffi“‘”rfa; ﬂrﬂ g

hese mainly incl and avian-like swine 2 viruses similar

Jloreover, ﬂ isolated in Europe had

to human viruses, and double-reassortant H1N2 virus containing the similar genes to
those of human and swine viruses (Hai Yu et al., 2007). In Korea, Jung et al. reported

the sero-prevalence of Sl from total 742 pig sera in 2006. They found that seropositive of
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subtypes H1, H3, and both H1 and H3 viruses were 51.2%, 43.7%, and 25.3%,
respectively (Jung et al., 2007). Moreover, Pascua et al. studied prevalence of SIV from

2002 to 2007 in Korea, they found that both virological and serological prevalence in

’//2 was highest in 2007 (Pascua et al.,

each year of SIV subtype H1N1,

2008).

ed |nto three subtypes; H1N1,
H1N2 and H3N2 revealed that H3N2 SIV
relating to contem erome et al., 1981). |
addition, in 1988, IN1/SIV was the first subtype isolated from pigs with an

engsao and Chonburi

type H1N2 was isolated from

Eurasian strain.. I addition, bot

similar to Eurasiaq” rain acc utinimﬂﬂ et al., 2008; Takemae

et al., 2008). However the H1N2 SIV was a reassortant from a classical swine H1N1 and

04T 178 1 1 3 S

swine Hﬂ‘l whereas the NA gene ? closely related to the European SIUuman N2

RN TSN N (N2

reported that only 2.8% positive SIV had been evaluated from the pig with respiratory
symptom and only subtype H3N2 was found by RT-PCR (Nakharuthai et al., 2008).
However, the 2003 study reported about 7.9% seropositive to H1N1 and 20.6% to H3N2
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viruses, conflicting with the data in 2005 showing higher seropositive of H1N1 than
H3N2 in both grower pigs and sows (Damrongwatanapokin et al., 2003; 2006). From

those previous virological and serological studies of SIV in Thailand, we might conclude

that in two or three years the SIV u, ating s | pe was changed. Since, in 2003 H3N2

subtype was dominant circula \in ) 1N1 subtype and in 2008 H3N2

subtype was dominant again. it nee demic information, validated
e ——

tools, surveillance and actors of%in Thailand for clearly

understanding of epid ion and contre -of the disease, and pandemic

1981 1 JL:;; J\\:’ 05 2009 2010
f ﬁ %

Nerome et al., 1981

Genetic character ed

Takemae et & {«*f”’ N1 and H3N2

wm— \ rlzed by
Al 2009

g
sl 14 SININIWYNT

A genic change of Influen? A viruses contams two characterlstu:s antigenic

TWIRNN AL L) ANLNAY...

segments when different influenza A viruses infect the same host cell and exchange of

to 2005

Figure1.2 SIV evi(mce in Thailand from 19

RNA segments. This type of mutation in the past has been the causes of major SIV
outbreaks in the immunologically naive pig populations (Zhou, 1999; Karasin et al.,

2000). The major pandemic of the human H1N1 in 2009 also occurred as a result of
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reassortment between human, avian and swine influenza A viruses (Dawood et al., 2009;
Garten et al., 2009) (figure 1.3).

2. Antigenic drift refers to an accumulation of point mutations that is inevitable

and NA proteins are n giving rise to diverse SIV
lineages in the pig populati i cle ean be a mistake approximately 1/10
nucleotide and consists "-' owever the virus particle

can infect other cells a o 002).

VV F

~/ ;

] 5} =
%‘ ) SEF

|

-

.
NA, M
HA, NP, NS _

qlgure 1.3 The human pandemlc H1N1 in 2009 occurred as a result of reassortment
between human, avian and swine influenza A viruses (adapted from Dawood et al.,

2009; Garten et al., 2009)
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6. Pathogenesis of SIV

SIV is transmitted to pig by nasopharyngeal route such as nose to nose contract

and airborne droplet. The respiratory lining cells attach the virus by their cilia then the

virus can binds to the receptor site : al ! he virus could get inside the cell by

endocytosis and multiplie .; -ator ining. Cell destroying, mucociliary
clearance and host & @focal necrosis, atelectasis

to the lower respiratory

and hyperemia in . ato

track. Later, accu atelectasis are evident

(Easterday and Van ning of the respiratory tract
producing clinical signs argy and anorexia. SIV-
associated gross : ized by multifocal well-
demarcated purplish rd of Irung lobes known as a
checker-board lung. SIVANd %@@fgg t of epithelial disruption and

obliterans. Mild to modte@q@g?ﬁo ar:, .'_- scular lymphocytic infiltration

occurs at nearly all levels of the ai v si and Van Reeth, 1999; Sreta et al.,
i H_;fl,: A ) Ry oy —

“ detected ¥ el ells of airways by

2009). Viral ;ﬂgen can be
i

immunohistoche mistiyH=C)=si l _- Trailand, only one SIV
pathogenesis s l‘nv wa / Sre udy reported that both H1N1
and H3N2 SIV subtypes (Thai isolates) were able to induce the flu-like symptoms and
lesions compatible \mrﬂral pneumonia in ﬁgcranioventral areas and were able to
cause ﬂc@wﬁlté}%ﬁ %‘cﬁs inﬂi@ﬂﬁd to less than a
week in tq'h [V-in ected groups as SIV antigen etection was found positive only at 2-4
dpi. The SIV antigen was found in tﬁ‘e nuclei of the bfénchial and bronchiblar epithelial
oE G YT TR Y T
Groups indicating no diﬁerencesr between the twor subtybes in the viral protein
production or replication. It should be noted that both studied Thai isolates of both

subtypes replicated only in the respiratory tract of pigs and shed the virus in the nasal

secretions similar to other SIV (Sreta et al., 2009).
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7. Diagnosis
SIV infection needs differential diagnosis from other respiratory pathogen, since

the clinical signs of Sl in pigs show acute respiratory symptoms, similarly to other

worldwide (Lee et al., 1993). = ' 7 A allow ‘rapid screening for the presence of
antibodies to SIV and thgmé_thg_g""‘

than 2 hours, the & ifici

8. Swine mfluenzal sease o

erum samples per plate in less

Since there are no specific treatments for SIV mfecho@ prevention and control

are very Twportant (S ge,"2005). Treatmentycllnlcally infected pﬁ including anti-

Aot foddog At b b

secondam bacterial mfectlons an importantly, all good management strategies.

9 mmnm AT

|solat|on and acclimation should be done. In the United States, S| vaccine is commonly

inflam bials to prevent

used to prevent the clinical diseases but not in Thailand due to limited information.
Control program depends on biosecurity and avoiding the introduction of carrier

animals.
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Persons who work with swine may play an important role as a mixing host,
leading to reassortment and development of novel progeny strains with pandemic

potential (Ma et al., 2009). People exposing to swine may be the first person becoming

L 1

infected in the event of a novel virus and serving.as a bridge for transmission of the virus
L' , ine_workers annually with human

to their communities. A poli

nt events. Persons who work

influenza vaccine wouldrdeciease the risk of reasse

with swine should be copnsidered for sentinel lenza surveillance and may be an

e

important group to inclug n ors et al., 2006; 2007).

]

4F |
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CHAPTER 2

The Classical-Eurasian swine reassortment patterns of Thai swine H1 influenza

,//y

Swine influen e A mhomyxowr/dae family. The

viruses in 2005-2009

2.1 Introduction

virus particle conta -stranded RNA segments
encoding surfac and an inner core of
ribonucleoprotein za A viruses are further
subdivided by the emagglutinin (HA) and
neuraminidase ( 9 NA subtypes have
been identified, withy 2en the subtypes (Fouchier
et al., 2005). The virus Unde ; - major-f of evolution, antigenic drift and shift.
Antigenic shift oceurs th iC.reas , ‘ > | ltiple gene segments when

two parental viruses inf host cell. This type of mutation in the past has

viral RNA polyme -I ' H amns at the antigenic sites
of the HA and NA"proteins is the cause of immunological virul'

rise to diverse SIV Im(aﬁh in the pig populatioh‘around the world.

P W EE VR G - o

productl throughout the world. Slmllar to mﬂuenza A viruses found in other species,

'aimmxmﬁmmmm ﬁ?ﬂi'

|t|koon et al., 2006). The economic lost is primarily due to an increased time to market

scaping mutants giving

because of the reduced weight gain and medical cost due to secondary infections
and/or synergistic infection with other swine respiratory pathogens (Kay et al., 1994;

Olsen et al., 2000). Currently, three dominant subtypes, H1N1, H3N2 and H1N2, are
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established among pig population throughout the world. However, H1N1 was the first
subtype found in the swine species (Olsen et al, 2006). The genetic makeup of H1N1

SIV in North America prior to 1997 was designated as a ‘classical-swine’ since all eight

nt et al., 2008). In contrast, the H1N1
contained wholly avian genes

s. Currently, European H1N1

1 from a wholly-swine

ith antigenically distinct

ealth concern as swine

for Disease Control (CDC)

se of human infection with SIV
: 6). Since pigs are known to be

susceptible to both avian aaéjaﬁr;cf(éﬂa}\ infly " 3 Vi

as a mixing hostfor the production of novel reassortec uenza viruses (Castrucci et

al., 1993; Shu e ',-~1_994). The wides ‘?'*'-.--3 ission of the swine-

origin influenza EH“\HVI U 5 ndemic_ﬂﬂm (pH1N1)” in the

beginning of March 2909 put the speculation on plgs as the influenza virus intermediate

B 2l AN 133N (i 113 V4 A

populatlon One unique feature thg’ separates th|s&us from all other @Wn swine

AN UM /N 3 1

ineage and from an Eurasian (avian-like swine)- swine lineage (Kingsf et al

ses, hypothetically, pig may act

2009). Moreover, the internal gene segments comprises of a mixed gene pools derived
from human, avian and swine lineages in which all had been embedded in the swine

population for over a decade prior to this pandemic outbreak (Smith, 2009).
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Unfortunately, there is not enough genetic evidence to conclude when and where this
virus was produced due to the lack of systemic and inconsistent SIV surveillance in

swine. However, it was demonstrated that certain Thai H1N1 SIV isolates obtained over

out phylogenetic.afalysisof eight ge segments of fi & more recent HIN1 isolates and

the surface genes Qi

2.2 Materials and
2.2.1 Viruses

Five H1N1 isolate we --*,- from: pigs with respiratory signs from the
' 'F.r [l - J
eastern region (Chonburi) in 2605, .o ....._ ; Central region (Saraburi) in 2009 and

north-eastern region (Udon..I‘.ﬁ {-"r'-ﬂ,

espectively (table 2.1). Two H1N2
isolates, K4/09 anc :

1;_&.-.‘ in 2009 (table 2.1).

All viruses were pagated on : (Pyhala et al., 1987)
and followed by NO passe anine | ney (MDCK) cells as

described prewously (Kmkoon et al., 2006) and stored at -80°C until used.

FLJJ HINUNINYIN

| RNA was extracted frogr 150 I of eacrﬁmple using Nucle@m Extract

transcriptase, 2 Ll of 10x reverse transcriptase buffer, 2 LI of 10mM dNTP, 20 LLM/LI of
universal primer (Uni12 primer 5-AGCAAAAGCAGG-3’) as described previously
(Hoffmann et al., 2001).
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2.2.3 DNA sequencing and phylogenetic analysis
All gene segments of SIV were amplified by conventional PCR using 1 LI of

cDNA, 20 WM/ of forward and reverse primers published (Hoffmann et al., 2001). The

amplification reaction was perfor bcycler under the following conditions:

initial denaturation at 94 ° plification cycles consisting of
94 °C for 30 s (denatur ealing), and 72 “C for 7 min
(extension), and Conr °C for 7 min. The PCR
products from each [ edl” €s \ n ase-free water and re-amplified
by specific primer paiig" ‘gene ment (. t . 999) The PCR products
were analyzed by 1 | sql ¢ : AR -— 1d purified with NucleoSpin
Extract Il (Machere : Jurel ‘ 0 .‘ INA _’ .. was carried out by 1st
BASE Company, Si j qre  with 1 of .. =quences were edited by
Chromas Lite vers a"l 1 | 'v .. \ ‘ ‘ ) and Bioedit Sequence
' ere submitted to GenBank
database. Finally, sequen p 4,. | refe =nce strains using the SegMan
program (DNASTAR, Madison, * -..-—..l,---- C elic trees were conducted in MEGA4
m

E"' i

(Tamura et al., 2007) ith 1000 times bootstrapping

replicates (Saitgtiand Nei, 1987). . T,
: WX

Amanti a | e y analysis of the M2

and NA genes ( areva et al., 2002; Furuse et al., 2009{ he molecular changes

associated with higfkapathogenioity are polyaf'nio traits and specific mutations have

bfjfe;@mﬁ”iﬂzﬂ wanemns =
Q%ﬂ'ﬂ@ﬂ‘im UNANYNAY

Genetic analysis was performed by comparison of each gene within the same

subtypes by descriptive analysis.
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2.3 Results
2.3.1 Sequence analysis

All eight genes from all 7 Thai H1-SIV isolates were sequenced, and the

sequences were deposited in GenBank database. The sequences generated were then
compared to previous Thai Sl ol amae et s !. and SIVs genes from the NCBI
51‘ ' . g

website (http://www.ncbisalm '.’_- v/genomes /R fromeNorth American and European

pigs. Nucleotide comparison e fi ] w this study was shown in

table 2.2. ‘ . 7

The resul g e a.% N at all three H1IN1 SIVs;
HF6/05, CB1/06 16,06 jedlated from pios in the, eastém region (Chonburi) in
2005, 2006 and 200 ' floosw : eassorted gene pattern
(table 2.2). The ged to the classical-swine
lineage while the 1 Eurasian-swine lineage
Thai SIVs isolated fro o one another (over all 99%
homology) and were clo -‘------- --EL 5 isolated from pigs in the same
province during 2004-2005. =A 7 homlogy of the CB918/09 isolate

was different from the rest o h 000-2006).

The Hi1 HAG ' | niy  ‘- homology with

HF6/05 and ) : -"wg land (Saraburi) had
91.7% homology* f the previou reported H1N2 virus

A/SW/Saraburl/NIAH13021/05 H1N2) |solated in 2005. The H1 HA gene of M8.2/09

o] yoh ket (1301 d 1300 R

N1 NA genes of the fge H1N1 |solates in this study were clustered in

WO r3ha

Nucleotide sequence of NA gene of HF6/05 and CB1/06 was 99% identity, 92% to
CB918/09 (Chonburi, differ year) and 91.2% to ST3/09. The homology between
CB918/09 and ST3/09 was 90.9% (isolated in the same year in different provinces) by
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using local pairwise alignment (http://www.ebi.ac.uk.). The N2 NA gene of both H1N2

isolates (K4/09 and L2/09) was grouped in human lineage circulating in human 1990s

and it was different from the previous swine H1NZ2 in Thailand (Takemae et al., 2008). N2

L2/09, while both K4/09 and L2/09
showed 82.7-82.8%

- 1 h ~gene of HIN2 subtype
(A/sw/Saraburi/NIAH 13021 57 ur , 7 d L2/09 showed 84.1-91.1%

(table 2.2). Howe

genes from avian- : megican - ‘ f\ NP and NS genes from

cluster I, Il and Ml.

K4/09 and L2/09%re place

United States, HA H1‘swme virus had been d|V|ded into four clusters consisting of H10l

o b) AVEWPN IRV e b 14l

Thai swine H1 cluster Il was similargo the H17Y ( pandemic H1N1 2009 vwWAII 6 Thai

YHARSATRANRAGNH Aa

ql1N1 viruses previously found in Chonburi and the H1N1 viruses circulating in the US

was pﬁed in cluster Ill. In the

swine population prior to 1997 (before the introduction of the H3N2 subtype).
Furthermore, HF6/05, CB1/06 and ST3/09 were in the same sub-branch different from


http://www.ebi.ac.uk/
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CB918/09, K4/09 and L2/09. In contrast, M8.2/09 HA gene was clustered with the

SwH1Y group similar to the pandemic H1N1 viruses in humans (figure 2.1a).

Base on phylogenetic analysis, the N1 NA genes were classified into 4 groups;

.

h American swine N1 (figure 2.1b). All

e N1. In addition, M8.2/09 NA

\ 1. While, the N2 NA genes
2 and human N2 1990s-
rouped in the human N2
. Previous Thai HIN2 SIV
2005 (A/sw/Sara

Eurasian swine N2.

other 6 SIVs (HF6/05, CB1/06, CB
- Al 4 # 5
avian origin similar to Euras'rah:&fitg‘é’)"’ "",_ 1d). Fhe P qene of M8.2/09 was from the

humanH3 ori" , mi \ € s (HF6/05, CB1/06,

CB918/09, ST >i"--‘ and L2/ 7 ‘swine which is from avian
origin (figure 2. 1em10wever PA gene of all 7' es was froﬂvian origin (figure 2.1f).

Phylogenetlcépee of M and NP genes contained 3 lineages; human, swine and

e FT‘LIEL”Q 11301 V0 W

Thai SIV |solates in this study. Both U and NP genes E/IS 2 were separatw different
Phylogenetic tree of S gene have lineages; human, swine and avian origin.
NS gene of ST3/09 was grouped in the avian origin, similar to Eurasian swine lineage.

Other 6 SIV isolates were grouped in the classic swine origin similar to the North
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American swine lineage (figure 2.1i). Phylogenetic analysis showed that at least 3

distinct evolutional pathways existed among Thai SIV isolates in this study.

2.3.3 Genetic analysis
The receptor binding site on ed and showed residue types
at four positions in table , 05 Si A gene had 3 residue types

composing of Glycine, v -'d Asparagine.-fhe.o her esidues 190, 193 and 222

had unique residue type.sif A r\\h
Genetic analysiss®n M2 gens « tadi \ hce contained S31N in all 7

Thai H1 SIV. On ‘ .6 Vs were V27.
NA gene were ana :.\.‘ ino acid residues E119,
H275, R293 and N295¢ , “hah ‘ﬂ; 1056 ‘amino drug resistance residues

high pathogenicity are polygenic traits
and specific mutations b -;.. 1 PB2 (E627K, G590S), PB1-F2 (N66S),
I { o o
and NS (F92D) (table 2.4). In ‘addition, PB1

Jj—_;f'!—“ =
found in all 6 Thai H1 SIVs excey M8 !, (tal

L,,-f

2in with 90 amino acid residues was

oD Y,
2.4 Discussion‘ i 7 1"&‘

Our result showed that ad gene " variation more than the
previous study smce the pandemlc H1N1 was introduced |nto the Thai pig population
(Sreta g rted that there
were ZHtﬂoﬂ Ea ﬂeg na emﬁ)] Zfiﬁ we found that

at least Sﬂusters of Thai H1 HA geae were found. However all Thai H1 HWnes were

BRI HATIN IR

were thought to have derived from a hypothetical Classical swine H1N1 common
ancestor in 1981 and 1990, respectively (Takemae et al., 2008). Moreover, the

pandemic H1N1 2009 has currently been circulating in Thai pig population.
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As time goes by, accumulation of point mutation causes antigenic drift and
nucleotide change under selective pressure (Shen et al., 2009). Similarly in Thailand, the

nucleotide of H1 virus in 2009 has changed showing only 86.7% homology to the

previous 2005-2006 SIVs. Moreover, di graphic areas showed distinct genetic
evolution since the eastern p N Of ailand. C 0 province had genetic diversity of
SIVs from the central party. Saraburi i e&\ the same year 2009. For

example, in both areas t ( [ i séparating evolution line, result

may cause the
important for binding'r
(Forrest et al., : L 7 ane ¢ nce of different times and
different geographi '

determined.

Jl_}_{ by

classic swine origin and Euras@qmtué_lm

in Europe and Asia ( Forrest—mlé@ﬁo)?‘f ‘Thailand; SIV isolates were mixed of both

h is an avian origin mostly circulating

H1N1 lineages ‘e;gthe internal genes were o '-W.-— - fian, swine or human

virus. Moreover ',tp 2009 the par 3-.?.-,3 and has still been

circulating in pig pﬁ;lation (Sreta e )). Especially, the&ndemic H1N1 contains

the SIV triple reassort‘d internal gene (TRIG) backbone which may potentially increase

the rlskﬂ ﬂﬁcﬁrﬁ w‘ ﬂ investigated a
commergial sﬂ El w;'jfo n uT:’]i ﬁfarm for at least

4 months reta et al., 2010). In this'study, we founﬂw pandemic H1Nu different
RN IRUNITIEL TN
ieady occurred. Undoubt , the reassort between both viruses can happen and
the novel reassorted virus may have high pandemic potential. Nevertheless, the
pandemic H1N1 from humans could produce respiratory signs and shed in both

respiratory and digestive system in non-immune pigs experiment (Brookes et al., 2010).
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But the pathogenesis of the pandemic H1N1 isolated from swine has not yet been
evaluated. The adaptation of the pandemic H1N1 in swine might produce different

disease patterns. It should be noted that pathogenesis study of the pandemic H1N1 from

and 225 play prec letermining the re i ing specificity (Shen et
al., 2009). Our study | ition 190 o [ was aspartate similar to both

containing glycine ging at the position 225

is definitely correlated ' * genesis but cur by adaptation in eggs

(Shen et al., 2009). There he-pat sis-ef_di nt Thai H1 viruses should be
evaluated. —
LTI

Interestingly, a nov@ﬂ,éhésgdé 1;1 s was found in our study since

we got H1N2 2&00ntamm different HA ar ene clustersfrom the previous H1N2

2005 (Takemaes gt al., 2008). The hﬂ 2005 contained a

combination of H1E (H1-classice

European swine N2). The orlgln of the N2 of both 2009 H1N2 viruses in this study

Fi Uy Tmenrin ELATY Qs o
and cl to fluenza athogenesis or

epldemlologlcal data was done Wlth‘he 2005 H1N2 3 (Takemae et al., @8 Both

NNt AR TN B8 B
monstrated that a novel reassortant swine virus had been demonstrated and

showing on-going diversity of the H1N2 in the Thai swine population. The study also

H3N N2-h%n 1970s similar to the

highlights the importance of SIV as a contributor to PRDC which remains as a major

problem in the Thai pig industry.
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In conclusion, Thai H1 SIVs are on-going genetic evolution and variation both

H1N1 and H1N2 subtypes. It should be noted that the Thai swine population had not

been vaccinated for influenza A virus. The genetic changing of Thai SIVs possibly occurs

Table 2.1 SIV iso

Virus name haracteristics of disease on the

farm of origin*

A/Sw/Thailand/HF6/05 Isolated from a 6-week-old piglet

during an outbreak of wide spread
illness among nursery pigs
A/Sw/Thailand/CU-CB1/06 Isolated during an outbreak of
wide spread illness among feeder
- pigs
A/Sw/Thailand/CU-CB918/09 ¢ - A v ted from a 6-week-old piglet
fr——— g an outbreak of wide spread
" - SS among nursery pigs
A/Sw/Thailand/CU-ST3/ ST3/0 araburi [:‘ solated from a 4-week-old piglet
during an outbreak of wide spread
illness among nursery pigs
A/Sw/Tha dETlaf'] m a 8-week-old piglet
ﬂ ﬂ H qm ﬂlﬂﬁ w mﬁutbreak of wide spread
illness among nursery pigs
A/Sw/Thailand/CU-CHK4/09 K4/09 Maﬁoog Lung Chaﬁngsao Isolated from Meek-old piglet

ARIANN TN AT IN U IRLL~

Sw/Thalland/CU CHL2/09 L2/09 May, 2009  Lung Chacheongsao Isolated from a 6-week-old piglet
during an outbreak of wide spread

illness among nursery pigs

* All Thai swine farms do not use swine influenza virus vaccines
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Table 2.2 Homology analysis of 8 segment genes of the Thai SIV H1viruses

H1 Nucleotide Identity
Gene Virus with the highest degree of homology Virus origin
virus compared (%)
HF6/05 20-2280 ) 99
PB2 CB1/06 14-2268 98 Eurasian swine
CB918/09  24-2261 95
ST3/09 29-2280 98
M8.2/09 99 Avian-North American
K4/09 - 95
Eurasian swine
L2/09 95
HF6/05 99
PB1 CB1/06 Eurasian swine
CB918/09  20-2274
ST3/09 1- '
M8.2/09 18-2278 4 Human-like
K4/09 1-2274" : Thani/NIA 1(H3N2 . 9
‘ ¥ ‘ Eurasian swine
L2/09 18-1688 96
HF6/05 1-2159 99
PA CB1/06 25-2151 99 Eurasian swine
CB918/09  1-2166 98

ST3/09

1-2151

2199

Avian-North American

HA

HF6/05
CB1/06
CB918/09

Eurasian swine

1-17

.n[
65 ‘!"J A/sw/Chonburi/05CB1/2005(H1N1)
13- 169# A/sw/Ratchaburi/NIAH1481/2000(H1N1)

W UY TSN ﬂ P

35-1735 A/swine/Ratchaburi/NIAH1481/2000(H1N1)

116-1699 A/SWlne/RatC‘burl/NIAH1481/2000“’1 96

CB918/09  2-1530 A/sw/Italy/839/1989(H1N1) 95
ST3/09 1-1478 A/sw/Ratchaburi/NIAH101942/2008(H1N1) 98
M8.2/09 8-1523 A/New York/6943/2009(H1N1) 929 Classical swine
K4/09 35-1531 A/swine/Ratchaburi/NIAH59/2004(H3N2) 97

Eurasian swine
L2/09 1-1451 A/swine/Ratchaburi/NIAH59/2004(H3N2) 97
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Table 2.2 Homology analysis of 8 segment genes of the Thai SIV H1viruses (continuous)

H1 Nucleotide Identity
Virus with the highest degree of homology

Gene  virus compared (%) Virus origin

HF6/05 12-1718 A/sw/Chon ur B1/2! ; 100
NA CB1/06 29-1410 : 99 Eurasian swine

CB918/09  22-1431 \ aburi/NIAH550/200 \ 97

ST3/09 mAlswiRaichaburi/NIAH101942/2008(HiNGwe 98

M8.2/09 53/2009(H1N1)
K4/09 . hiisteharch/1/19
’ i Human 1990s
L2/09
HF6/05
M CB1/06

CB918/09  26-998°

ST3/09 26994 . haburiNIAF OBHANT) . ¢ Eurasian swine

M82/09  1-1032 »
K4/09 1-080 ilap: ' 98
L2/09 622084 48 Affhai | ‘ "R o
HF6/05  28-845 99

NS CB1/06 30-835

CB918/09  1-838

ST3/09 Classical swine
M8.2/09 "
K4/09

L2/09

AULINENTNEYINS
ARIANTAUUNIINGIAY



Table 2.3 Amino acid changes in the receptor binding site on HA gene

31

Residueof ~HF6/09 ~ CB1/06  CB918/09 ST3/09 K4/09 L2009 M82/09  1918-  1930-  pandemic  Avian”
HA protein | j human swine H1N1

190 D D D E

193 S S S S

222 K K K K

225 G G G D, G G

'1918-human; A/New

"1930-swine; A/swingflowa

“pandemic HIN1 andAvian'a

Table 2.4 Amino acidchafoes in asse i hig! pat Ogenicity are polygenic

traits and specific f uta ; ‘i\ € , 7, G590S), PB1-F2

(N66S), and NS (F92D)

Residue HF6/09 96 CBY T3/09 K4/09 L2/09 M8.2/09

PB1-F2(90) = 90 G - 90 58
PB1-F2, N66S o N N
PB2, E627K E E
PB2, G590S G s
NS, F92D Dg, D Dgs E D D D

ARIANTAUNIINGAE
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Figure 2.1 Phylogenetic trees of two glycoprotein surface genes and three polymerase
genes base on nucleotide sequences from Thai swine H1 (indicated by filled diamond)

and other sequences available from GenBank; a HA (other Thai SIV indicated by

opened diamond and human The ;‘ / opened square), b NA (N1), c NA (N2), d
PB2, e PB1, f PA. The trees were cc : ,: eineig bor-joining method in MEGA4

and bootstrap test 1,000 rep -»---m. ire show ne .....‘ﬂ nches. The trees are drawn
to scale with branch lengths.inthe same units a \.,,;_; evolutionary distances
used to infer the phylogenefic i s used in the analysis are

abbreviated with host i . U, 1 \\ ear of origin, subtype and

GenBank accessio

ﬂUEJ’JVIEWIﬁWEJ’Iﬂi
Qﬁﬂﬂﬂﬂ‘immﬂ’]’mmﬁﬂ



<& swhailand-RA114/10(HIN1) CY062268
o6l & swThailand-RA75/10(HIN1) CY062316
& swrhailand-RA15/10(HIN1) CY062276
88 |- <> swThailand-RA4/09(H1N1) CY062308
<& swhailand-RA9/09(HIN1) CY 062324
<& swhailand-RA29/09(HIN1) CY062300

62,

99

s

98— swwies(

S\ 1. 35(HLIN1) CY027291
00 - SWIA30(H1N1) EU139823
(HIN1) EU139824

99 swil

100[ 0 huThaiIandOG(HleZ1246

SWNCO5(HIN1) FJ638306
O huThailand06(H1N1) EU021264
HOB6(H1N1) EU409968

huNYO03 C
07(HIN1) C )
ong79(HIND) EFG791 [

ﬁrs Netherlands85(HIN1) AF091317
swBelgium83(H1N1) AF091316

100 swFrance85(H1N1) CY037983
W'j':wBelgiquB(HlNl) FJB805962
99 swCotes dArmor99(H1N1) AJ412712

Figure 2.1(a) Phylogenetic tree of HA H1 gene

Swine H1Y
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CHAPTER 3
Serologically study of swine influenza virus subtype H1 and H3 in rabbit and

serologic surveillance in the four highest pig density provinces in 2008-2009 in

Thailand

3.1 Introduction
Swine influe in pigs caused by type A

influenza viruses. Three Ul es includi e " N2 and H1N2 are currently

o\

Y
Orta

!

\

including coughing; d SV st' .‘m recovery (Sreta et al.,
2009). The morbidityl rai@ of SIV i high and

3 ' i

rease up to 100 % in

L
Y
the ate can be as low as 1%.

The infected pigs will" ir gsulting in an increase growing period to

normalize weight before going.to ihe s| € e (Kay et al., 1994). In addition, SIV

is one of the primary pathoge ofporci © Tesy tory disease complex (PRDC) causing

, , , L)\ 2
major economic loss in.many swine production ¢ an Reeth et al., 2001; Drolet
et al., 2003; Yazawa et al., 2004). Besides causinc :‘-Y'-"-""';‘.'_;:J‘;ﬁ- blems, SIV is one of
\ a AT
public health Cence Spect , evidences of SIV

isolated from humans with respiratory symptom or showed ologic evidence of SIV

infection were occas@nﬂ/ reported (Myers %jj 2006; Myers et al., 2007; Kitikoon et

al., 201 ﬁtﬁ%ﬂtﬂﬂﬁtﬂﬁq m nd many public
organiz@rs C ‘ge he infl a'survelllance ly i ans but in all animal
species, particularly in pigs (Galw‘nkar and Clem#2009). Retrospectivél @nd cross-
PRI RN IR AR -
qnimals are iinporfant for early recognition of outbreak threats and understanding the
interspecies epidemiology. Therefore, influenza A virus investigation in pigs will not only

provide the basic information of the current status in swine population but generate data

for epidemic prediction and vaccine development leading to effective prevention and
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control. In addition, direct detection of the viruses and/or viral genetic materials can be
problematic since the duration of SIV shedding in the infected pigs is somewhat short

(Olsen et al., 2000; Sreta et al., 2009). Thus, SIV surveillance study must be carefully

Hemagglutination inf (HI) iF tandard recommended by WHO,
but it requires a suitable represe i ' &ulating strain used as the HI

virus antigen. In general IS ic Ir ) any sub-clusters have arisen

al., 2009). It shou : n that an "r"". an ' o] antigenic site on HA1

H1N1 and H1N2 viruses in n documented (Marozin et al., 2002). In

addition, in countries where-S|\. v o nation is implemented, SIV genetic data correlation

with antibody “onse to SIV vaccination i : portant and mi - monitored through
serological analysis. : > \.‘
In Thailan@\o SIV vaceine used in the ﬂi swine population. The

SIV-serologic status W|th|n each farm, therefore reflects SIV infection or historic

f;ZfZSSFT LY 1630 1h )i

7.9% and 0.6%, respectively Dar@ongwatanapoklrﬂal 2003). Later |ﬁ3p05 sero-

E lﬂ ;M l I j é I ﬁ .
amrongwa anapokin et al., However, serological and genetic data of Thai SIVs

from 2005 to 2010 are limited except for one study reporting only 2.8% SIV positive pigs
in the central and eastern Thailand by RT-PCR in 2008 (Nakharuthai et al., 2008). The

low incidence of such SIV positive cases in that study is possibly due to underestimated
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since SIV antigen and/or nucleic acid detection is limited due to short shedding period.
As a result, SIV serological surveillance is necessary particularly in countries where SIV

diagnostic laboratories are not widely established. In addition, SIV-serological data can

provide an estimation of the true S ine farms.

Since HI test is col f rd test for international trade of
animals by Office International d¢ , g ». &er et al., 2002) and has been
used commonly in most [ di i es. It is important that specific
endemic subtypes iso : /region or S btypes having a wide cross-
reactivity to antib&dies again: i | S  ‘ . ' used as the test antigens
; ‘ tic characterization in
Thailand showed agleast2 i o L e (Takemae et al., 2008).
Since the pandem " ¥ ., L A in i swine herd (Sreta et al.,
2010), it should befotecihathe SV Hiteste igen aie ok yet been evaluated. The
objectives of this study in ; éf.eI [OSS It ong different field isolates
of Thai H1 and H3 SIVs i) to use “ £ S . test for evaluation of swine sera

S i . "
collected from the 4 h|ghest pig_density | rovinces of Thailand and iii) to compare the

findings of the established HPWm' STV ].’..r-*-;" ial ELISA test kits for H1 and H3.
Basica lbwefh perimmunized inf Sero --m,- bb|ts with different

representative dhdi SIV strains (subt _ sed rabbit antisera for

known positive a@negaiv ont

ELISA tests ( HerdCh.y H1N1 and H3N2 ELISA Idexx Laboratories, Westbrook, Maine)

and thﬁ li ﬂ%u njw r;ﬂ]: cﬁcted from pigs
known EL Vs €ircula nﬂ ﬂ arms from the 4
highest p|g population provinces of Fhailand.

RIALATUUNIINYIAY

3.2.1 Analysis of HA gene

E Iishec_ﬂl test. Two commercial

All 38 HA nucleotide sequences of both H1 and H3 Thai SIVs available from
GenBank database were analyzed by multiple alignment and phylogeny construction

using MEGA4 program. Homology analysis of amino acid sequences were evaluated
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using clustalW2 (www.ebi.ac.uk/Tools/clustalW2/). The differences of HA gene were
clustered based on sub-branching division and similarity. Then, we analyzed the

antigenic properties of viruses belonging

to each cluster available from our laboratory
s in host-restrictive or phylogenetically

important regions (PIR) of -LH 1 suk e | residue 96, 133 and 183) were

compared with human=i nza vi . \ ' 5; GenBank accession no.
FS638306) and human-like SWine ’ ta/37866/1999) a classic
swine lineage having cross’ 45516 thesw 1930-2004 in the United
State (Vincent et al., 200 | : € ] i the amino acid change on
the antigenic site At ' , ' ng H: 'i tes : a uated (Caton et al., 1982).
For HA H3 subtype ' , ' » fions (121, 135, 144, 145,
155, 156, 157 and 188 > gor) ) k 5 2-05 and swH3N2-07 (Lee et
11 o \\ \ ,

al., 2007).

3.2.2 Viruses 7 : :

Total six SIV, H1 cludteF FifLS (A/SWTRAIEnc/CU-CB1/2006, swHN1-06) , H1
cluster Il viruses ( 3 1N1-09 and A/sw/Thailand/CU-
K4/2009, __‘H‘W' A29/2009, pH1N1-09),
H3 cluster | ﬁf‘ i’ cluster Il virus
(A/sw/Thailand/CU-CB8.4/20C .1 and table 3.1) were obtained

from the Chulalongkorn University-Veterinary D|agnost|c Iaboratory (CU-VDL). Viruses

used fo it i ated in Madin-
Darby Erln q: Ejs e iﬁ H imonst al., 2006) and
stored atqgo °C until used.

QW’]ﬂﬂﬂ‘im UAIINYAY
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Table 3.1 Rabbit groups were used in antiserum preparation

Number of
Group Code HA character
rabbits
1 5 swH1N1-06 Classic swine
2 5 BP1ﬁ1N1 -09 Classic swine
3 1-09 Classic swine
4 v/Thaila ' W s 11N2-09 Classic swine
5 - Als / : S/ i B »2—05 Human-like 1970s
6 Human-like 1990s

3.2.3 Rabbit Antiserum preparatio J

-li 4‘

Selected six virug Er:r Q_‘QQJ were purified by sucrose gradient
ultracentrifugation at 28,000 -i ‘spended in PBS. Each virus was

formalin-inactivated an nization with the ratio 1:1 of

Freund's ,-'r,,m i 400 HA unit per ml
0 =r.¢. ive) were tagged and
I

(Kitikoon et al., 2009).
divided into 6 gro !« with five animals in each group being intrar

uscularly injected with
killed selected Thai ﬂ\/ﬂ‘ugen (1 ml each) @as&gned in Table 1. Each group was
housetﬁ %ﬁ%w : w ﬁwrﬂﬂ % water. Before
starting tﬁ experiment, rabbit blood was collected and used as negative control sera.
After being acclimatized for a Week‘[hose animals wére immunized everyMeek
LR SRS TR o
|rus antigen. When the Hl titers raised to > 1:160, animals were humanely sacrificed
and sera were collected and stored in minus 20°C until used. In addition, the animal use

protocol number for rabbits experiment is 0931049.



47

3.2.4 Swine serum collection
During June 2008 to May 2009, 850 pig sera were cross-sectionally collected

from pigs of various age groups (gilts, sows, finishers, growers and weaning pigs) in

those four provinces locatec highest pig density in Thailand

(http:/Avww.dld.go.th/ict/yearly/yearly/sC Total 12 pig farms facing with

respiratory symptoms from. k haburi Nak &_honburi and Chachoengsao
——

(figure 3.2) were obtaine i ; .minus 20°C until used.

- é-ﬁ. biected 1 - subjected to test with

wit '\" RBC. Sera tested with

H1N1 SIV were treated with 20% aohn an ab \
H3N2 virus were treaié v t ' g /me (RDE) and absorbed with

specifi _Ahibitors of agglutination
and natural serum agglutinins. Positive SIV infection was considered when the HI titer is
' i’.;#" |

Piare \ ,

S SE HI test was 8 HA unit per 50 LI and
0.5% chicken RBCs was usé@-foriite on.  SIV antigens used for antibody

reactivity both homolo s~ ar in the rabbit sera included

sWH1N1-06, swHINI-09, pHIN1-09, s WH3N2-05, s\ wH3N 'd sWH1N2-09. For
serologic surv_ from pig .“" 1N1-09, swH3N2-05

and swH3N2-07) were used a excluded s@HNZ—OQ and pH1N1-09

isolated late 2010 fro? this study due to the tlme of serum collection.

mﬂnummﬂmmmm

P|g sera with known HI titerstagainst H1N1 ( sﬂ1N1 -06) and negaw for H3N2

IR R NEIe Y -
erdChek HIN1ELISA; Idexx Laboratories, Westbrook, Maine). Similarly, sera with

known HI titers against H3N2 (swH3N2-07) and negative for HIN1 (swH1N1-06) were
evaluated by a commercial ELISA H3N2 kit (HerdChek H1N1ELISA; Idexx Laboratories,
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Westbrook, Maine). Ninety one pig sera were tested for HIN1 and 85 were tested for

H3N2 according to the protocol recommended by the manufacturer.

3.2.7 Statistical analysis r |

The geometric me%‘\ of Hi v/e sured and compared with the
rabbit antisera groups i ch T i / i@“& Wilcoxon rank sum analysis
with normal approximatio L ! Di [ iter > 1:40 were compared

among the strains and eS by, ct are analysis. The numbers of positive sera in

HI test and ELISA were et : 1 , pecti rains by chi-square analysis.

3.3 Results

and 18! J as ot estri : n H1 influenza
virus. fo ‘ El ﬁfmm -09) were

Compareaj to the A/SW/NC/OO?3/2005 a human like swine |solate and

R TANTLL AN A

thls study, the PIR was similar except for the pH1N1-09 at residue 96. The amino acid
residue 96 of the swH1N1-06, swH1N1-09 and swH1N2-09 is Threonine similar to
A/sw/NC/00573/2005 but pH1N1-09 contains Isoleucine similar to
A/sw/Minnesota/37866/1999. The amino acid residue 133 and 183 were similar to
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A/sw/Minnesota/37866/1999, Valine and Proline, respectively. In addition, amino acid
change on antigenic site (Ca, Cb, Sa and Sb) of HA1 region was evaluated in table 3.3.

Total 19 amino acid residues were different among four H1 viruses. There were four

residues similar in three H1 viruses (s\ 1-09, swpH1N1-09 and swH1N2-09) but
different from swH1N1-06 (Ce , . a‘55). For HA H3 subtype, the 8

major potential immunodemi ant positi ' 145, 155, 156, 157 and 188)

3.3.2 Hl assay

For antigeni

& £ o .
antisera against swH1N1-09; pH1N1-09 and swH1N2-09 isolates had high cross-
reactive HI titers (>1:160 .A:,{ Swh tingly, swH1N1-06 antiserum had
No cross-reactivity wm ‘05 and swH3N2-07

antisera had nosc en. These findings

indicated that S®N1—O g s

antigens for H1 SIV speC|f|c antibody detec’uon in the Thai swine population. In contrast,

ZiLZ.ZZF'l.f[J b 1) (0 L1301 e

To al 850 field pig sera fr(u'l 12 farms Weravaluated for HI twsmg the

| 1 | ﬁ é m ? I I @ El! E:
ition, the current isolate ) was also rmed f e sero-prevalence of

the previous pig sera. The findings demonstrated that SIV sero-status in pigs during

sentative iso@ used as the HI test

2008-2009 was sero-positive to both H1 and H3 viruses (figure 3.3). The number of pigs
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having sero-positive to swH3N2-07 were highest compared to swH1N1-06, swH1N1-09
and swH3N2-05 (85.4, 50.1, 18.6 and 15.8%), respectively.

A total of 91 pig sera were. es i erdChek H1N1 ELISA kit and
compared to HI test using -swi N J ' 0-by-two table of those tests

was constructed and eve ‘ itivi ecificity (77.27%), false

Similarly, 3 two-a¥Etwetable > HerdChek ELISA H3N2 and swH3N2-05 Hi
test showed sensitit 1839 specificity (91.89%) "-_ ive (29.16%) and false

positive (8.11%) va

3.4 Discussion
In general, S i nut ion.* ally causes by point mutation,
recombination and introdu€tion o hdw es'into ocal area. Unlike North American

and European SIVs, Thai SIVs -,,"h-l xed genomes from both North American and

European lineages. In the United f‘%‘;’»s .}"ﬁ'r d been divided into three clusters,

classic H1N1, -,_.'

Interestingly, cu%f characteri

classic swine similar to the cle e North:

006; Ma et al., 2010).

type H1 belongs to
erican swine lineage (
Takemae et al., 2008 Sreta et al., 2009) but different from the original source. Recently,
Thai Sl ype in "{ [l and Ill) by
homoloﬂnuﬂ ﬁﬁg{]%ﬁ mﬂﬂ ﬁ ﬁeta et al., 2009,

Sreta et y 2010). Therefore, Wholar genome Characterlzatlon of prewousq)d current

H3N2 and one H1N2) in 2000-2005 and 8 H1N1 in 2009-2010 whole genome (Takemae

et al., 2008; Lekcharoensuk et al., 2010; Sreta et al., 2010) and 38 HA genes, which can

be divided into five clusters. However, the internal genes of 14 SIV isolates are
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unavailable. Those data needs for reassortment detection and evolution since each
gene segment possible from different origins. For epidemiology study, all 8 gene

segments must be evaluated. In addition, HI test required the specific virus for the test

antigen. Both direct and indirect diag 'I Is need the genetic data compatible with
the circulating SIVs in local e 1Cé6 Vg e United Stage and Europe are
Snt from Th

genetically and antigenic

Moreover, we s using rabbit antisera by HI

r';' avi yad cross-reactivity must be
- f‘dfr,i‘i L | ;
used to obtain the accurate resutts—{Smith, 2008 RO en and Sasaki, 2006). In this

test since it shqwed one -.*'5"-‘ ther H1 viruses. For H3N2 subtype, the
rabbit sera sd no cross antibody reactivity in either Seleeted H3N2 isolate. In
addition, both swiH3N2-05 and swH 7 "‘l. the same farm in
2005 and 2007, Bpeoti\/e.l 0 e serum @ng the studied period

showed different sero-profiles with the high sero-prevalence for swH3N2-07. This result

L= W
Bl AT T AN LTS e
virus a iiln e r Hiltest, re, should be ted at least.every 2 years as

well as genetic monitoring. "1

o, o/
AR SA TR NN
qll dur selected provinces in Thailand had higher H3N2 sero-positive percentages than

those of the H1IN1 subtype (swH3N2-07 >70% and swH1N1-06 >40%). It should be
noted that the pandemic H1N1 2009 virus did transmitted to the Thai pigs in late 2009

(Sreta et al., 2010) and the current sero-profile of the Thai SIVs could possibly be
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different from this study. We strongly suggest continuous monitoring SIV status on both
virology and serology.

Based on the farm history, all 12 selected pig farms in this study showed

respiratory problems concurrently with the ce of PRRSV and PCV2. However, we
did not evaluate the econc '» SN pathogens since the production

parameters did not obtain A addit : [ ct of Thai SIVs should be

1e SIV test antigens

ation of SIV might not

n this @dy we compared the

commercial ELISA te‘gt kits with the estabhshed HI test. The results showed that the

wenhld &) ONI135 w1 A

cIassmaI swine H1 (Takemae et al"2008 Sreta et &2009 However, wswme H3

q ﬁiwﬁ f léj % Ia?&ﬂ Tﬂi]ai”} a IE j tests
qle ded low sensitivity ( /olg lh!ere ore, evaluation of the commercial test Kits from

other countries is necessary for the real epidemiology data due to the genetic

suitable for the %/eillanc of

differences of the circulating viruses.
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In general, nucleotide sequences encode the amino acid sequences mostly
related to protein function. The PIRs suggesting possible host adaptation (Vincent et al.,

2009) was located at the amino acid residue 96 of the HA H1 gene. The change at the

humans and well ada j 7 : e populations (Dawood et al., 2009;

Pasma and Joseph, 2 G Jditi e H1N1 virus had been

reported in one hum G 005 | ~ adi a et al., 2007). Moreover,
rabbit serum ino it _ | -‘ \ CI¢ body reactivity to other
Thai swine H1N1 viru: 7 MCS \\\\o\w \W virus antigen could be
applied for the pandeg » C ‘ .\\ retrospecnvely For HA H3
subtype, 7 of 8 major pg » | i _' ,‘ " 0Si s were different between the
swH3N2-05 and swH ‘ | ' e owed no cross reactivity.

Again, the swine H1 viruges h ( for the pH1N1-09. In addition,
swH1N1-06 virus showed one _,,,,'. y to other swine H1 viruses. Those

results could pssibly be -J---'.!_F_Ef-L‘_-'_ -qg,q\o ino acid residues on the antigenic
site of HA1 ::_-;.,:_--.--..-_-.--.-_-.----.._-.-.-_-.----.-.1..,.5.1-,.fo anging amino acid
residue may "i. ‘ted to binding ability
of antibody and Eigen such as cinte ences and C@eration may have the
impact on the Hl testéSuzukl and Nei, 2002). |

ﬂﬁﬂ?ﬂﬁlﬂﬁﬂﬂﬂﬂ‘i
a‘mmmm UANINYA Y
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Table 3.2 Amino acid changes in host-residues or phylogenetically important regions

(PIR) of H 1 subtype.

Residue* PIR  NC05 swMN99 swH1IN1-06 swH1N1-09 swH1N2-09  pH1N1-09

133 - s v V b) . v v v
% D T WAL ,T T |
w1 peepe p e ¢

*H1 numbering with being thefirst amino acid : ---.1,:,, eguence
NCO5 is A/sw/NC/00573/2005H1N7 (acce 06).
swMN99 is Alsw/Minneseta/; ion no. EU139827).

306
"
S )

Table 3.3 Amino acid ch ine H1N1 viruses

Antigenic
site Sa Sb

Amino acid
155 160 162 | 186

residue
swH1N1-06 Y ) E K R T

swH1N1-09 YL

pHIN1-09  H v =S

swH1N2-09 Y

o ©

®
Py
(%)
4

ok b1 1121

SWH3N2-07 T T \% K H K L D
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Table 3.5 Group geometric means of HI titers were evaluated against 3 H1N1 and one

H1N2 influenza challenge antigens used in this study.

Test antigen

Group Serum ‘ 411N1-09 pH1N1-09 swH1N2-09

1 SWHINT-06 0 0

2 SWHINT09 139.29°

*° Statistically significant

3 pH1N1-09 o712 2 91.90°
4 swH1 A 36 ,»\7 - 139.29° 557.15"

SIV isolates werestested,@s aptigéns and H f homologous virus/sera are in bold.

Table 3.6 Group gebmeific mean of it oval gainst 2 H3N2 influenza

challenge antigens used in stt

Test antigen

2-05 swH3N2-07
: Vi 0

. 844.49

IS

SIV isolates were 'E ted as a omologous virus/sera are in bold.
o} 4F |

AUEINENINYINS
RN TAUNIINGIAE
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Thailand/HF6/05(H1N1)F J688266
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%] @ swHIN1-06
Chonburi/NIAHS77/04(H1N1)AB434312
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i/NIAHO469/04(H1N1)AB434304
AH101942/08(H1N1)AB514936
1)AB434320
y )5(H1NT)EU296601
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4 ey \AB434344
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| 296617
‘ 66 L Ratchaburi/NIAH59/04(H3N2)AB434368 + |

¢
(UHANYNINYINT
Figure 3.qfhylogenefic analysis of the nucleotide sequence of the HA gene of Thai SIVs

o th ated to the GenBank t‘k.)‘ e and.the is _evaluated_anti c._property

ootstrapped 1,000 replicates. The bootstrap numbers show on each node.
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% sero-positive

90
80

70

60

50

40
30

20

10

0

swH3N2-07

Figure 3.3 The percent of Serd-p | tes four SIV isolates. The pig
sera were collected frg ‘ : ows, f|n|sh|ng growing and
weaning pigs), duri ' J \ SIV sero-positive was Hl

titer 2 1:40.
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CHAPTER 4

Serological evidence of pig-to-human influenza virus transmission on Thai

V//

documented  SIV-inf Tl .A WERE .4_.& and human-to-human

swine farms

4.1 Introduction

Occasionally, SSIOI’] to humans, and vice

versa, has been docu

transmission was rare : ! | addi ( arge number of cases involved

present, three SIV jes 4 H1NZ 43N2 are commonly found in swine

swine farmers, e contact with pigs. At
throughout the world ! 4 ; € 9 9 \ _first subtype isolated was
named “classical-swi ' i g ‘ ' °g _‘nts were of swine origin.
l 7 nt virus in North American
and Van Reeth, 1999). Recent data
indicated that the HA1 geneé otclassi SUbtypes could now be grouped into
three separate_cluster : - Wine H1-beta (SWH1B) and swine

H1-gamma (swHIY) (Vincent et al., 2009). The HA1 geneof Swi: 1V is known as the

e A
progenitor of w" . ysford et al., 2009). In

contrast, H1N1 virus originally introduced into the Europe » ig population is often

referred to as awan#ke virus since it Conta&’entlre avian genes that are genetically

471203 131 112 1

still of avian origin (Zell et al., 2008). Thai H1N1 SlVscontains surface HATrand NAT

YR TN RERNY IRY TN
qneages respectively (Takemae et al., 2008; Sreta et al., 2009). Notably, this feature is
uniquely shared among the pH1N1 viruses that emerged in eary 2009 (Kingsford et al.,
2009).
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Swine production system in Thailand is different from the systems in North
America and Europe. The production size in Thailand rages from large industrialized

farms (>1000 pigs) to backyard farms (<50 pigs). Pig housing in Thailand also consists

stem and open housing where natural

/jy?:m owners and farm workers

an environment provides an

of both closed housing or evaporati

air flow ventilates the units.

excellent human-animal interfaece for | Cles transmission. The aim

hemagglutinatio ga ‘the, Thai swi i

(swH1N1 and swH N2 i >d fr - "\ ative Thai human H1N1
(huH1N1) and p N e pe d swine populations. To
evaluate the geneti i “ . > Vituse “-" |ze a s tigen, the HA1 genes of

by phylogenetic analysis

adding huH1N1, pH1N1 and othér- ‘ Jnfluenza viruses form GenBank.

4.2 Materials and methods __._,,-'.-“"7
4.2.1 Study u tion

4.2.1.1 Human

QP
From 200 l to - swine-exposed participants were

collected from two Iarge scale commercial farms in the central-eastern region of

Tha||a je . terinarians (
far ﬁ Wrﬁ ing in the off ﬁ with their age

ranging Mm 18 to 59 years ( 50% males and 50% females). Sixty negatlve control

TR SR IIN T

Tha|land The non-swine-exposed control sera were obtained from 50% males and 50%

females with their age ranging from 19 to 60 years. During the time of investigation all
subjects were healthy with no influenza-like illness. The study had been approved by the

institutional review board (137/2007record#400/49).
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4.2.1.2 Swine population
Eighty-five pig serum samples were collected from farms A and B, 46 and 39

samples, respectively. Both farms maintained an open housing system. Swine serum

was randomly sampled cross-sectiona ifferent age groups including gilts, sows,

weaning and growing pigs..

4.2.2 Influenza virus
Influenza two swine and human

influenza viruse vine/Thailand/CU-CB1/06;

swH1N1) and H1 HK -' \ N2) were isolated from the

lungs of pigs during | ‘ : ‘-. nursery pigs from farm A

and B olates “Were | propagated i C cells as described
L% LY

he hum uses, Thai seasonal H1N1
| 009 (A/Nonthaburi/102/09;

respectively were kindly

(A/Thailand/CU41/06;
pH1N1), accession
provided by Professor Y. oow;_({)—h# ersity, Thailand).

T *'J
4.2.3 Hemagglytlnanon nhibitien --Laf

Lt

Swine and human serum samples were pretreated with . Ikaonn and receptor-
destroying en_. 7 "‘ influenza-specific
antibody detection was perfo d a standard HI assay ﬂon et al., 2004). Serum
only controls along‘wlth positive and negatlve serum controls (from influenza A
seroneﬂ/ H1N1 HI test
antigens) ﬁrﬂﬁjﬂﬁﬂm mj on swH1N1,
SWH1N2 and huH1N1 viruses weregperformed usmg&5% chicken RBC whosphate
AR URATHY A
Samples with HI titers21:40 were considered positive evidence to previous

exposure (Olsen et al., 2002).
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4.2.4 HA1 gene analysis of the Thai swine H1 viruses
Viral RNA was extracted from swH1N1 and swH1N2 using the NucleoSpin

Extract Viral RNA Kit (Macherey—NageI, D'L]ren, Germany) and cDNA were synthesized

Gu454849 (swHIN2)] e Bhy ¢ tree was constructed using MEGA4 with

neighbor-joining mé ind. 4000 b licates (Saitourand Nei, 1987).

' i mean titers were measured
using Wilcoxon/Kruskal L ' (é ; o I "k 5.1 Software, SAS Institute,
Cary, NC). HI test results we _ s dichotomous outcomes with Hl titers >
1:40 considered to be' [ ; uisly ,..' Jyirus antigen. The association of
occupational risks was then € =d for stz e ignificance by Chi-square or two-

sided Fisher's™iexa alysis  we ed gusing Open Source

‘ \“ 009).
4.3 Results

e InErineng.... .

develope antibodies against the @N isolate cwcu&ng on the correszg farm

and 2 people working in the farm office (2/8, 25%). The participants from farms A and B

Epidemiologic S

seropositive to Thai huH1N1 amounted to 14.3 and 42%, respectively. However, none

were seropositive to pH1N1. The difference in numbers of antibody positive samples
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between the farm workers and non-exposed controls was statistically significant (p <
0.001). When compared to the non-exposed control subjects, swine-exposed

participants had increased odds of elevated antibody levels to SIV [swH1N1 odds ratio

(OR) 42.63, 95% confidence interva 124 and swH1N2 58, 95% CI 13.12-

256.3]. | ‘//z

ﬁ
Table 4.1 Hemagg n_in 7' titefs and peree eroposmve serum
samples from farm.anc 7-;' 0l alimans agai \1 ind human influenza

. _ LAk N
arm Ad F., [Fark \ ontrol participants (n = 60)
Test antigens , r i : ' '

% (n)
SwH1TN1 5 (3)
swH1N2 3.3(2)
huH1N1 ' 4.3 (£ }. 42 (21) 1.7 (1)
pH1N1 0 (0)

Mean titers with d| rent exponential letters within a row are sta stlcally significant

ol ﬁﬂﬁ e T e

SWH1N2 - SW/Tha|Iand/CU CHK4‘QQ (H1N2) isolated from pigs in farm B.

SRR e T e

1.3.2 Influenza virus antibodies in swine population
Overall, pigs from all age groups from both farms were found seropositive to

both swH1N1 and swH1N2 viruses except for gilts on farm B proving seronegatative to
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swH1N1 virus. No huH1N1- or pH1N1- specific HI antibodies were detected in the

studied pig population.

swH1N1 and swH difi /g n 3. from the representative
strain of Clb and ‘ _. .} ‘ : as shown that the HA1
genes of all Thai H o Jn Vi S iso led prio 009 (with the exception
of AlThailand/271/05 (HIN Ve | ",{ i 0 .‘ and are distinct from the

t0 other Thai human H1N1

of huH1N1 differed by

(isolated during 2006-2008) [ “human HAN 145 incorporated into the human
influenza vaccines during 2 _,'I A2). ai seasonal human H1N1
isolates shared 98.9% @ 1A protein indicating antigen

similarity between seasonal h

solated in Thailand during 2006-2008.
e i

4.4 Discussioh
Previous e c (subtypes, HIN1 and H1N2)
e

has demonstrat hat Thai HA1 genes isolated in the course of 2000-2005 were

derived from the N‘tlﬂmerlcan classical-8wine lineage and are separated into 2

o R A v

viruses |qllated in 2006 and 2009 Were largely homologous to the previous Thai swine

AT YL ek LT T

rovmces (Takemae et al., 2008). Phylogenetically, both old and new Thai swine H1
viruses were genetically distinct from the Thai seasonal human (huH1N1) viruses (2006-
2008). Human H1N1 vaccine strains (vacH1N1) included into the 2007-2009 human

influenza vaccines and pH1N1 viruses. The Thai huH1N1 viruses, however, grouped
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with  A/Swine/Minnesota/07002083/07 virus which was isolated from pigs in North

America and previously grouped with a new cluster, swH1 0 consisting of HA1 genes of

human origin (Vincent et al., 2009)

ainsf__*wmm' antibodies raised against

between HI antib?
swH10 and pH1N Sesgandice

these pig farms.
T AW,
Hnalysis ¢

In contrast, serologica
virus transmissioiashaving occurred on both farms Almostall swin€sexposed participants
= |

early indicated swine-to-human

(except for one luenza virus vaccination,

therefore, confoug

ng Cross-rea uman vaccine H1-antisera to Thai swine H1

viruses are limited. %aslenclm phylogenetic anilﬁ,is, confounding cross-reactive human
sera wij [ TN1-anti ies t | e [ also less likely.
Former%’uﬂ :3' mﬁdﬁi‘ri)mﬂsjﬂﬁt risk factor for
humans to contract SIV infection arid increased oddgzef elevated SIV-antibody titers in
AR AT HBPN BIR
The increased odds of elevated SIV-specific antibodies detecte‘d among the Thai swine-
exposed workers (swH1N1 OR 42.6 and swH1N2 OR 58) were close to the findings

described by another study (OR 54.9) conducted on North American swine workers

(Gray et al., 2007). The distinctive cluster among the HA1 genes of contemporary Thai
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swine H1 viruses and Thai huH1N1 and vacH1N1 viruses suggests that Thai swine-
exposed workers might not have been protected against the Thai swine H1 viruses ever

if they had been vaccinated with the previously available human influenza vaccines. To

date, the pH1N1 strain has been lud I inte the 2010 human influenza vaccines.
However, cross-protection pre | NES f | V , & 0 the contemporary Thai swine H1
viruses requires furthers '; gation. Swi uIations as the frontline of
contracting SIV, par‘t‘iul in-Tl ," S| ouI since (1) swine influenza
vaccination is not perfors \ .,\ S|gns in pigs are hard to
identify on endem| farms shders. 1‘\‘ \ anagement difficult; and
(3) most pig har 3 “r/é‘o nigre : \ i eighboring countries.
Therefore, continugus mg tafing fr' SN n, ¢ ication on self-protection and
additional research K mar r Spe \ k actors unique to the

populations are required O imple -~g enza ol programs.

ﬂUEJ’J‘VIEWIﬁWEJ’]ﬂi
QWWNT’I‘J‘@UNWTN]H’]QH
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Table 4.2 Percent homology of the HA genes of swH1N2, swH1N1, huH1N1 and pH1N1

compared to reference swine and human H1 viruses available at the GenBank database

Species of % nucleotide homology
Strain
origin
(cluster) sWH1N2 swH1N1 huH1N1
Swine 85.8 711
(swH10) 1000 725
86.2 72.0
95.8 72.2
Swine 86.1 69.7
(swH1Y) 834 696
83.4 69.3
Thai 72.5 100.0
Human 77.7 96.7
Seasonal i
7.7 97.3
Human Vaccine
A/New Caledonia/20/99(H1N1) 73.3 741 97.5
H1NA (\‘ = MOO7 ,
Vaccins I ’; p l i ’ ! I j mnﬂ | i | a
q olomon Islands/3/0 1N 69.6 71.4 99.1
2008

AR BRI NI NETA -

® Representative strain of Thai swine H1 classical swine a (Cla) (Takemae et al., 2008).

° Representative strain of Thai swine H1 classical swine b (Clb) (Takemae et al., 2008).


http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TD6-514BPH3-2&_user=591295&_coverDate=09%2F29%2F2010&_rdoc=1&_fmt=high&_orig=search&_origin=search&_sort=d&_docanchor=&view=c&_acct=C000030318&_version=1&_urlVersion=0&_userid=591295&md5=b08d65fda08e0c59f47d98afaa4b9bc8&searchtype=a#tblfn0005
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TD6-514BPH3-2&_user=591295&_coverDate=09%2F29%2F2010&_rdoc=1&_fmt=high&_orig=search&_origin=search&_sort=d&_docanchor=&view=c&_acct=C000030318&_version=1&_urlVersion=0&_userid=591295&md5=b08d65fda08e0c59f47d98afaa4b9bc8&searchtype=a#tblfn0010
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TD6-514BPH3-2&_user=591295&_coverDate=09%2F29%2F2010&_rdoc=1&_fmt=high&_orig=search&_origin=search&_sort=d&_docanchor=&view=c&_acct=C000030318&_version=1&_urlVersion=0&_userid=591295&md5=b08d65fda08e0c59f47d98afaa4b9bc8&searchtype=a#bib0065
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TD6-514BPH3-2&_user=591295&_coverDate=09%2F29%2F2010&_rdoc=1&_fmt=high&_orig=search&_origin=search&_sort=d&_docanchor=&view=c&_acct=C000030318&_version=1&_urlVersion=0&_userid=591295&md5=b08d65fda08e0c59f47d98afaa4b9bc8&searchtype=a#bib0065
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SwH1y
: Classical
SwH1p
: Swine
-
SwH1a
Human
Lineage
Eurasian
Swine

Figure 4.1 Phylogenetic tree for the HA1 segment based on nucleotide sequence of the

Thai swine (swH1N1 and swH1N2) and human (huH1N1 and pH1N1) influenza viruses

and other sequences available at GenBank. Three clusters of related classical swine H1
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viruses, swH10. (classical swine H1N1), st1B (reassorted H1N1-like) and swH1Y
(H1N2-like) are shown (Vincent et al., 2009). The black arrow indicates the Thai swine

H1 isolates sequenced and analyzed in this study. The open arrow indicates human

viruses used as hemagglutination-inhib ’ | st antigen. The striped arrow indicates
NP

,:r 2007 from pigs in North America that
5 H1) Iso dotted square box are the
pandemic H1N1 2009 vi "The efer ce | used for the analysis are
host abbreviated (sw swiné: he ‘ ~ \\-\ za vaccine) followed by place

the representative human—

grouped with st15i_

and year of origin, wumber. The length of the

horizontal lines is{Proporiio ' minimum nber cleotide differences required

to join nodes.

ﬂUEJ’JVIEWﬁWEJ’]ﬂ‘i
ﬂmmmmumqwmaﬂ


http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TD6-514BPH3-2&_user=591295&_coverDate=09%2F29%2F2010&_rdoc=1&_fmt=high&_orig=search&_origin=search&_sort=d&_docanchor=&view=c&_acct=C000030318&_version=1&_urlVersion=0&_userid=591295&md5=b08d65fda08e0c59f47d98afaa4b9bc8&searchtype=a#bib0070

CHAPTER 5

Pandemic (H1N1) 2009 virus on commercial swine farm, Thailand

i / IN1 virus now referred to as

pandemic (H1N1) 2 irus, € ,ged‘ hun%and the United States and

spread Worldwide{ 2009). "Mz emlc (HIN1) 2009 was

5.1 Introduction

In April 2009, a

documented ‘2009). Human-to-pig

(Pasma

transmission of ; ' f ‘ _ OrteC ;' '_.‘ d on December 17, 2009

swab specimens.
Swine influenza v ‘ and since 1981 (Kanai et el.,
is virus are circulating in Thailand

(Takemae et al#:2008 athogenesis s \strated that subtype H1N1

'rv.rj—-:-j::_t—'—'_'_ .................. n o iﬂ lesions than illness
induced by subt a mcate that SIV (H1N1) in
Thailand differs pandemic (H1N1) 2009 virus. SIV (H ) in Thailand contains
surface proteins of |#Ilﬂza viruses from Na@rthh America and Eurasia, which are also

o R A B WA e

of wruse%om Eurasia; and pandemlc (H1N1) 2009 viruses contain swine, human, and

T BRSTI R BYIa..

ovember 2009-March 2010 on a commercial pig farm in Thailand. The outbreak

induces typic

presumably resulted from human-to-pig transmission because 1of the workers on this

farm had influenza-like clinical signs at the beginning of the outbreak. Infection in this
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worker was not confirmed because he quit his job on the farm after the start of the

outbreak and could not be located.

5.2 The Study KoL ‘

In early November 2( mall/ ot ial pig farm in central Thailand
"'s. r =

reported respiratory pr ms in.pig idi < ortality rate 10%) in nursery

pigs. The farm contained 3,235.¢ Ol , 1,000 piglets, 1,000 nursery

and 500 finishing pigs). 58 afC nventional 8L production system in which

both sides of the ave npatl 2 » tilati m also has continuous

clinical signs (feve U : 1Sal.di : ‘ emat ?L« elids, and conjunctivitis) of
infection
Nasal swabs fg ’ r‘f&%&y % \ ¢ old pigs) were submitted to

b e el \ L
Chulalongkorn University Veterinary Diagnostie/kabora ory. All samples were positive for
i F .f‘r F i o, r— 1

porcine circovirus type 2 and-=porc ne’” ... e and respiratory syndrome virus

(these viruses are major ¢ disease), and 2 samples were

positive for iniu 1Z
L I

P( R) with primers for

each specific. pa ” ungporn et al.,,  2004;

Thanawongnuwe . t al., 200

Because respiratory problems in the nursery pigs continued, nasal swabs

specim from n r fini il ), and sows (10
per gro ﬁ u ﬁ:&l w o:ﬁ laboratary by the end of

Decembe112009 Two samples from‘the nursery p|gs were positive for mﬂuenza virus A

mnmmw NI TN

. Genome characterization identified RA20 as SIV and RA29 as pandemic (H1N1)
2009 virus (table 5.2 and figure 5.1). SlIV-positive nasal swabs obtained in November
were then characterized. Results showed that isolates RA4 and RA9 were pandemic

(H1N1) virus, which indicated that pigs on the farm were infected with this virus.
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Pandemic (H1N1) 2009 investigation on the farm included clinical surveillance
and sample collection from sick and contact pigs and closely monitoring of swine

workers and farm pets for influenza-like illness. Nasal swab specimens were obtained

0, and March 9, 2010. Because initial

laboratory finding indicated f j" the L / d the nursery herd, weaned pigs
Following the Food and+Agii niza nited Nations (www.fao.org)

sample collection recom : sal swabs from pigs with SIV-

subtypes were found. On March: OrOXin 4} ly 1 month after implementing the

change in handling of p|ge"_,ﬂd"[g@fs

specimens W“geqatlve for influenza

piratory signs and 34 nasal swab

( 0 genes of other influenza

virus strains obt@d from Genk S MegA@v program (DNASTAR,
Madison, WI, US@) Phylogenetic trees were constructed by MEGA4

”ﬁml AN 1} 3) (w11 4 e

pandemlc H1N1) 2009 virus were cﬂncurrently cwcukﬂg in the nursery hw (table 5.2

our fin mgs sho that | wly isola ed Sl ) from Thailand are

grouped in classical swine cluster with other SIV (H1N1) isolates (figure 5.2 and 5.3).
There was no evidence of gene reassortment between SIV (H1N1) and pandemic

(H1N1) 2009 virus during the investigation (table 5.2).


http://www.megasoftware.net/
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To test for evidence of pandemic (H1N1)2009 virus interspecies transmission,
we obtained serum samples on January 17, 2010, from 40 pigs in 8 age groups

(5/group), 15 workers, and 4 farm pets (3 dogs and 1 cat). Samples were subjected to

- (H1N1) and pandemic (H1N1) virus

es did not cross-react with

——
pandemic (H1N1) 2009 virus«8Serological results howed that only 2 (9.5%) of 21 test
samples from the nursen 5 f:';i ositive H :-Vdemic (H1N1) 2009 virus

and 8 (38%) of 21 ISitive + o ufe 5.1). For pigs in other
age groups, 11 ' 90 Had nbsitive H|.4 \\

56%) off20 Fagd e Hl titers .- (H1N1) 2009 virus and
14 (70%) of 21 hadBositie HI tifers for SIV 1) by HI fe:

st. No human cases of co-

0 (Pasma and Joseph, 2009; Pereda
= Jr.f.-‘
et

et al., 2009) our.finding jted that youn > susceptible to infection with

pandemic (H '°‘—ﬁ?“7'f'7ﬁﬁﬁm on-in- P fatoathe hypothesis that the

A

clinical outcome -?-. JSE , 1%;;- virus differs from that
I ,
of infection with ‘:ll (H1N1), which currently circulates in pi n Thailand. Serological

results demonstrated’ that uninfected poquns are susceptible to infection with

AU AN BN INENT
reasso r@t betweén the 2 different influenza (H1N1) viruses. However, a previous

report showed that reassortment of iﬁﬂuenza virus gemes occurs in pigs (Castrucci et al.,
s}v

PRSI S

re necessary for future influenza pandemic preparedness.
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Table 5.1 H1N1 swine influenza virus collection date and GenBank accession number of

each gene segment

Collectio ' Study GenBank Accession#
H1N1 virus isolate : W figati
designation (segment 1-8)

A/sw/Thailand/CU-RA4/2009 CY062305-CY062312

A/sw/Thailand/CU-RA9/2 CY062321-CY062328

A/sw/Thailand/CU-RA20/20 CY062281-CY062288

AlswiThailand/CU-RA292009 #f Déc 26, = “Pandemic . . RA29 CY062297-CY062304

AlswiThailand/CU-RA1 1412010 Mo nic .« RAM4  CY062265-CY062272

A/sw/Thailand/CU-RA204 CY062289-CY062296

A/sw/Thailand/CU-RA15/2010 CY062273-CY062280

- .p' ‘,.J

f-w:ar" AT

AlswiThailand/CU-RA ' || CY062313-CY062320
e — - F g

ﬂUEJ’JVIEWﬁWEJ’]ﬂ‘i
ﬂmmmmumqwmaﬂ
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Table 5.2 Gene origin of each SIV RNA segment and %homology of each gene segment

compared to pandemic (H1N1) 2009

Ay i
PB2 PA NA ’ & & NS NP PB1
H1N1 virus ‘ &\ .
(1-2229)" (1-24 2 S --..:::,_ 082) #(1.1698) i (1-778) (1-1443) (1-2153)
Pandemic? Avian-TRI Eu asian-sw - a al- Wine Human-TRIG

Thai swine** Eurasian-swine

5, |
RA4 Avian- ﬂ{ﬂﬁ\\‘\\.k al-swine Human-TRIG
RA9 Avian- 'ﬂ/ @ i\‘\\\\ Human-TRIG

RA20* l l l mﬂxi‘\ Eurasian-swine

(83.1% l I l @ 4& \m\\ (824%)  (85.1%)

RA29 Avian- 'l ji \\ &*\. Human-TRIG

RA114 Avi | . > ‘\\ ’ Human-TRIG

‘ - \ ‘
] Errrn AR . . .
- 5 g % cl \% S Eurasian-swine
RA204** : CYRERY n

(83.2%) (85 %) (89.6%) 0 .80) (82.3%) (85.1%)

s

RA15 Avian-TRIG i Earasiar sv&' € “lassical-swine Human-TRIG

= = |

RA75 Avian-TRIG “Elras ..pis J .,f assical-swine Human-TRIG

BT r'
NOTE All SIV isolate % h Iogy to the

" nucleotide posﬂﬂ O m
us = A/Nonthaburi/102/2009 (H1N1) |

* Thai swine HIN1 vﬁﬁ.A/sw/Ratohabun/NM1481/2000 H1N1)

efl HHABEATNEN

** percen omology of RA20 and RA204 compared to the corresponding genes of

‘-]Wﬁﬁoﬁﬁimﬂﬁﬂﬂmﬂﬂ

oorrespondlng

* Pandemic H1N1
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Figure 5.1 Percentage of pigs ¢ &t € ‘ ," -.‘ N 1 and endemic HIN1 virus
J i

A

antibodies detected y_ ‘ >magglutination- ition ﬁ,l est. Serum samples were

collected from different pig -G_Fi_,e, 010. Samples are positive when Hl

titer > 40.

-
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Figure 5.2 Phylogenetic analysis of HA genes

1
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CHAPTER 6
CONCLUSION

The investigations described in this dissertation were conducted with three main

a propriate HI test for SIV infection in
ro revalence of SIV in pigs from
st pig density provinces in

' e e current Thai SIV isolates

e HI test for swine H1 and H3

rébbit antisera were used

0ss antibody reaction

e established HI test in

,A HI assay was used for

1€ se solates and interspecies

transmission on Thai ] P ?;7;. using [ ologous and heterologous

virus antigens. For te object] naracterized viral whole genome of 15

current Thai SIV isolates. In ..-- fion, SIV itoring onén outbreak farm of pandemic

(H1N1) 2009 virus was mvesﬁgéﬁa

serological st dies as well as genetic characterization

on and_control using virological and

The first.obje 0 e

Thailand. For ser@gio diagnostic

standard for cases in eoted with influenza A V|rus recommended by WHO. The test is

o ] Himﬂ YN

genetlcally unstable. Many sub- C|US¥I’S have arisen \mm the different H1 Und H3N2

SIVs could e divided into five clusters containing three of the H1 viruses (

cluster [, I and Ill) and two of the H3 viruses (H3 cluster | and Il). To establish an

: 1"‘! for SIV infection in
)agglutination in@ition (HI) test is a gold

appropriate HI test for SIV infection in Thailand, antigenic properties were analyzed

using hyper-immune rabbit sera. Then, we selected swH1N1-06 as a reference H1
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antigen for swine H1 virus antibody detection. For diagnosis of Thai swine H3 virus
infection, both swH3N2-05 and swH3N2-07 viruses must be included since they did not

have cross antibody reactivity. Moreover, the genetic characterization monitoring is

necessary for Hl assay evaluation s otypic characterization relates to genetic

and other factors. We sugg the HI test should be genetically

selected provin | i ) I N2 ‘ iti rcentages than those

of the H1N1 subtyp : ' nd swHIN: . It should be noted that
the pandemic H1N1 v opulation in late 2009 and
sero-profile of the this study (Sreta et al
2010). Moreover, the reentage of SIV in this study
was higher than previou ) (Damrongwatanapakin et al
2003: 2006; Nakharuthai et a?-‘y;ﬁﬁﬁ);l e infro ‘on possibly demonstrated that SIV

—r——
o o . o
circulation in Thailand wereﬂ;b}ﬁé:ﬁféfi—:— Ne strongly suggest continuous monitoring SIV

status on bot '-%quv and serology. Based on v, elected pig farms in

this study shewed respiratory p

respiratory pathoﬁ\s inclu

economic loss from porcme respiratory disease complex (PRDC) since the production

" U ST

In addition, swine-to- humarrlnﬂuenza tranSﬁsmn of Thai swmurms was

YRANSOTHANIIEA éﬁjﬂm
qa icipants had significant percentages of sero-positive results tha e non-

swine-exposed group (odds ratio > 40, 95% confidence interval). In Thailand, swine

presence of other

owevem/e did not evaluate the

production systems mostly are open housing of growing to finishing pig or a continuous

flow system which may increase a chance of interaction of humans, pigs, farm pets and
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other animals. Future investigation of specific risk factors of swine-to-human influenza
transmission on Thai swine farm should be performed. Also, swine-exposed populations

as the frontline of contacting SIV, part|cularly in Thailand should be concerned since (1)

swine influenza vaccination is not p rV
pigs are hard to identify ‘ d/c _ renders personal protection
" : ucated migrant workers from

Thai swine farms; (2) clinical signs in

— F e ——
neighboring countries. There ntin ous monitering for SIV infection, education on
self-protection and additional ' acterizing specific risk factors

unique to the populati ,n future influenza control

programs.
H3N2 """’W '@Y‘.‘;‘m& d pHIN
5 .

1981 19 tﬂ%ﬁ' ‘___@J 909 2009-2010

WAL AN
andHaNz [ h pH1N?

Figure 6.1 Chrond : ailand since 1984 fo 2010

The third

‘ ctive was ftc acterize Vth rrent Thai SIV isolates.

Total seven H1N1 and H1 N2 viruses from year 2005 to 2009 were characterized. Based

. "“”FL i) O 112N I 1M i
divided'in Ist ostly rt QA in the North

Amerlcan ineage. However, the N1gNA gene belongﬂ) the Eurasian Ilne@ Genetic

o WS NN A7 0P S e
in Thailand contains surface proteins of influenza viruses from rth- America

and Eurasia, which are also found in the pandemic (H1N1) 2009 virus. Thai SIV (H1N1)
contains internal proteins of viruses from Eurasia whereas the pandemic (H1N1) 2009

viruses contain swine, human and avian virus gene segments (Takemae et al., 2008;
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Kingsford et al., 2009). Moreover, a novel reassortant H1N2 virus is mixed with swine,
human and avian origins based on its H1 and NS genes belonging to classical swine

lineage, N2 gene belonging to human-like 1990s and the remaining internal genes

belonging to Eurasian swine linea ian origin (figure 6.2). Furthermore, SIV

i i i depe o yal and geographical factors.
Chronologically, the nue — H & had changed showing only
86.7% homology to the i ] 7 uses....For geographic areas, we found
that SIVs from the eastein'P x ‘ and, Ghonburi p showed different genetic
diversity from SIVs in ‘ ‘ ! W X ince in the same year 2009. For
example, in bot fH; A g fig-.. ed evolution line, resulting
‘ e ho ,\Q\- system of naive pigs to

recognize the mutated i ¥ ' ected plg into the naive swine

population may cause th %ﬂd eak. Co \ Adepends on biosecurity

and avoiding the introductig oﬁg@%r 2 :n ils. Qua \ and acclimation should be

]

,,,,,

AAAAA

q Human H3N2 1990s Swine H3N2 Doublg reassortant swine H3N2

B s s smEs SRS sEssEEssEEEEEESEEEEEEEssEssEEssEssmEmEEd

Figure 6.2 Novel triple reassortant swine H1N2 occurred in Thailand as a result of

reassortment between human, avian and swine origins.
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From the third objectives, sample collection, virological and serological (HI test)
studies, and genetic characterization were evaluated for SIV surveillance in Thailand.

Then, those tools were used for SIV monitoring in an outbreak farm together with the

control program since we could isola ‘pandemic H1N1 2009 virus from a
in_humans. Accordingly, genetic

monitoring and virologicrand se i emic H1N1 2009 virus from

genetic reassortm Ween the two different strains was. nstrated. However, co-

circulation of both _ robably ca ) produce a novel reassorted virus

like H3N2 and reassortant S have been circulating in Thai pig
population. Moreover, the eeﬁbﬁgﬁéﬁ?( ;al-Eurasian swine pattern” occurred
and the TRIG ¢ Aette was evidently introdu cec S 1N1 2009 virus into

increase and novel

reassortment viruﬁ could

Genetic Characterlzatlon of SIVs after the |ntroduct|on of the pandemic H1N1 2009 into

" ERE TN INED S o

cluster 1) and swH3N2-07 (H3 clug\er ), used for &test should be m%ed in the

Q ﬂq ﬁjﬁﬂw ﬁ Gq t iﬁd I‘ !a?"a d [\ﬁ Ejlbody
qletec ion of infection in Thailand during antigens in the HI test should

be evaluated at least every two years together with genetic monitoring. On June 2008 to

-human ﬁﬁvsmission or vice versa.

May 2009, percent sero-positive of swH3N2-07 was higher than those of swH1N1-06,
swH1N1-09 and swH3N2-05, respectively. However, it could be predicted that Thai SIV
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status has changed currently since, on November 2009, the pandemic H1N1 2009 virus
was isolated from pigs in Thailand. Therefore, monitoring of SIV sero-prevalence should

be continuous for evaluation of the true SIV status. In addition, the antigenic property

study found that the control rabbit antiBodi inst SIV (H1N1) viruses did not cross-
react with the pandemic (t 12009 U rological surveillance should be
continuously performed: ﬂ..;;-; the&-ﬂ N1) 2009 virus should also

e ——
Whe prevention and control

program of influenza vigusiin beth swine a 'm ‘

genetic characterizatli 1 wed that ,Thai swine I -' J ere rather stable and

showed only a fe gle anges ( gen ” - drift different from what

genetic reassortant among the_endemic es producing a novel reassorted virus.

Monitoring of virus genet-&e-‘jzafnaﬁf' .v* ",’l-‘.E:_‘J:-f a_better understanding of SIV

emdemmlogy‘-%ﬁ preparing for the outbrea jih ' swine and human

population. £

We suggﬁ performing th genesis study of tﬁcurrent H1N1, a novel

reassortant H1N2 and the pandemlc H1N1 2009 viruses isolated from clinical sick pigs

‘LI IR0 H30 1l | VAT T
factors m ablelo re Severity than the previous

study. For e best prevention and cd’ntrol program ofﬂme influenza virus &ng farms,
RSO HNIINY AN
ortant. Since, introduction of new animals into the herd may increase the risk of
mtroducmg the new virus strains into the herd. Quarantine and acclimatization should be
done properly in order to reduce the risk of the introducing new viruses. Also, continued

monitoring and characterizing of SIVs as well as serological surveillance in the pig
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population and the risk of human population are necessary and can provide important
data for influenza pandemic preparedness in both human and other animals. In addition,

specific Thai SIV diagnosis manual, suitable protocol for prevention and control, and

community response when faci -4‘ "1 case outbreak should be performed and
rehearsed routinely. Most impo ( "’éf' onsself prevention of cross transmission
between pigs and humar ould be informe *Basiiet ly people working with pigs.

—

Influenza vaccination should e in | “-\hﬁ‘ s including veterinarians,
farm owners, farm worke slaugh > work n order to reduce the risk

'K

"\.
of reassortment. In addi ' _ u d avoid contacting with

pigs or other animals. & & J e s ' N \

ﬂUEJ’JVIEWIﬁWEJ’Iﬂi
Qﬁﬂﬂﬂﬂ‘immﬂ’]’mmﬁﬂ
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APPENDIX A

Criteria of sample collection

- submitted to Chulalo . veter| &y laboratory diagnosis office will be
included in the study.

- nasal swab: | be_collec fro 3 “‘""::':-1 have history or currently

- from pigs in § oyinces ¢ Tha “thal ' pig density including
Ratchaburi, Nakhor: Shonburi ai '
- farms with >

- from weaners, fi pigs in each age group).

ﬁf{

- at least twice f om each farm in

ﬂUEJ’JVIEJVIﬁWEJ’Iﬂ‘ﬁ
Qﬁﬂﬁﬁﬂ‘imﬂiﬂ’l?ﬂﬂﬁﬁﬂ
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Farm A.1a Date of visit ... ...
{modifed fom FAO form A1)

Contact details of the staff person visiling the pig farm

TPTTrRRReRRTT e s L e sCERERE

[ ]large/ind ustgialize ; : X “ ; Psmall scale] | backyard
(»500) & -5 | (< 50)
[]freerangmg [ DL ‘ _1 ..: & ,'.”jr i ] : = : m ) [ ]Openhﬂuge

(%) Type of nursery product EH A
[Jallinallout []dBntirihesss y

{9) Total number of pigs present in the fa R
. EL7 NN, )
_Pllg :: ‘ L i - ". =
i10) Indicaté if human cases were present at the Hme of swine sar
[ ] swine-osks o
fll}[ﬂd.‘iﬂ ‘Ei I' ¥ rlime i:i'l V!SHEI‘H{I:HI

[IPRRSV [PCV2 [] Mycoplasma hyopreumonize [] No ”'J ] do not know
(12) If the invesﬁﬂn is undertaken in on with human cases please

Jipredmwnils ﬁmmmma g

aJ disease »30 davs)

‘QW’]NT’I‘J’W UNIINYAY
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Form A.3 Date ...
Sample record sheet

Ty pe of animal Sex Status
g | Animal 8 =
'E II-E&“:ra & s s E? g o E;:: W.E(E [ %| 8| Comments
S |penip | = [ B8 23 -5 25/ 25 2|5 &
2 | Pen 9 s 88 £l B3I wiE

i T vl -

Recorded by . .. 0 % _ 0 U W L EIE
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APPENDIX B

Protocol for genetic characterization

1. Primers used in this study

Primer name

Uni 12 ( ‘
PB2 hoffman Forward TCT GAG GGA GEGAAA GCA GGT C

PB2 hoffman Re TGS ST ATT AGT AGA AAGAGGTC GTT T
PB1 hoffman Fo , ? '
PB1 hofimapeverse gl ATATTOG TCT C \GA AAC AAGGCA TTT
PA hoffman Forw, v : A » ‘
PA hoffman RéVerse g JATAITCG TETOGTATT AGT AGA AAC AAGGTA CTT
NPhoffman Forwa ] ‘ 5A GGG TA 3
NPhoffman Re . ' ' E \GA AAC AAG GGT ATT TTT 3
M hoffman Forward : ' GCA GGT AG 3
M hoffman Rever ¢ AAG GTAGTT TTT 3
NS hoffman Forward | CAGGGTGY¥
NS Hoffman Reverse AGA AAC AAG GGT GTT TT 3’
H1-1.1
H1-1770Rs,

H1F C '. -GG ACA TGT TA GA GA

H1R Chaly 4

-
b
A

H1-209F ,I T

| |
H1-634F L TAC-CAG-AAT-GCA-GAT-GCC-TAT-GTT-THL+
H1-789R GCC-ACT-AGA-TTT- Cal -GTT-GCT-T

ﬂﬁEJ’J AE e

AGT AGA AAC AAG GAG TTT TTT

1179

NA260R CAG-GAB-AAA-GAG-AGG-AATE,
QWﬁﬁﬂﬂ‘m&fﬁmﬂﬂﬂﬂ’]ﬂ d
S

N2F Choi TGC GAT CCT GAC AAG TGT TATC




103

Primers used in this study (continue)

Primer name Sequence (5" - 3')
N2R Choi CAG ACA CAT CTGACACCAGGAT
PB2F CTC GAG CAA AAG CAG GTC AA

PB2-1230R CcAATEC TOY TE TG A H ACC AT
PB2-960F ‘ '
PB2R
PBAIF
PB1-1250R
PB1-1050F
PBIR
PAF
PA-750R
PA-610F
PAR

AULININTNEINS
AR TUNNINGAY
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2. Protocol for Genetic Characterization of NP, M & NS gene

PCR Conditic

Use the PCR produ; SpPE flc internal primers
NPF5/NPR .L“.L 2/ \ 3 1087 bp
i (s L
NP gene with condition 94C 3min, 35 cy

0s-45C30s-72C1.30min, 72C 7 min
M7 1F/M71R 60 ,b&
»

172R 765 bp
M and NS gene Wi

bin
1I
4

7

83 1min-72C1min, 72C

|

P |

ﬂusqﬁﬂ%§Wﬁﬂnﬁ
ammmmumqwmaﬂ
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3. Protocol for Genetic Characterization of PB2, PB1 and PA genes

IRNA'extraction

‘ "’I.”;

ega) wiih'spet ﬁ'mers
Condition 48C 45min, 94 , 30 cycl s—72C1.30min, 72C 10 min

AULININTNEINS
AR TUNNINGAY
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APPENDIX C

Nucleotide sequences

A/swine/Thailand/HF6/2005 (swﬂ\\

Hemagglutinin (HA) gene |

AAGCAACCGAAATGAAAG
TGTGTATAGGTTATCATGECAAATAARTCAAC

TAACACACTCTGTTAACCTT LEAGAAGA Yo

CACTGCATTTGGGTARATCTAACATTGE

CAGTAAACTCATGGTCT

TCACCAGTTATGAL

CCAAAGCAAGCTCTTGGCE

CAAACGGCTTCTACAGEAAT

CCTATGTTAATAATAAGAAGA

ATCAACAAAGTCTCTACGAGAAN -

TCAAACCAGAAATAGEAGAAACAEC G2 g AAG TGAACTATTATTGGACAT
TAATAGAGCCTGGAGACAGAATAACATT TGAAGCE AR ACCAAGATATGCTTTTG
CAATGAATAGAGGTCCT@TATS o), 1

GTCAAACACCCAAGGGH E TCC A CATCCAATCACTATTGGAG
AATGTCCCAAATATGTCAAAR ‘ ATGGCT? . GAAATATCCCTTCTATTC
AATCTAGAGGTCTGTTTCECGCLATRCETE ATTG ATGGACAGGGATGATAGATGGGT
GGTACGGTTATCATCAT"G“\GGi;ﬁ;E@B} AG GCE
CCATCGATAGGATAACTAACAAGGT i ;
GTAAAGAATTTAACCACTTAGAAAGAAGAATAGAAA] “TTA? AAAAGGTTGATGATGGATTTTTGG
ATGTTTGGACATACAATGCCGAA %a@ixtfcbfﬁ S AGAGAACTTTGGATTTCCATGACT
CAAATGTAAAAACCCTATATGAAAAGGTAAAAA
GCTGCTTTGAATTCTATCACAA%EGﬁﬁkEGAQﬁQ_
ACCCCAAATACTCGGAAGAATCARAAC FAKACAGACA
GGATTTACCAGAT T TGGCGATCTATTCAACTGCCGCCAG
CAATCGGTTTCECE?

GAGACAT

Neuraminidase ( gene 1409 nucleotides; GenBank: FJ688Q7
ATGAATCCAAACCAGAQpA TAACTATTGGTTC STCTGTGTGACAATTGGGATAGCAAGCTTGATA

CTAC [ ‘ TT CAAAACCAGCCT
. ’ T TTTGTTAACATC
AACAA C G TG G C AGTGARATTAGCGG TCCTCTCTCTGC

CCTGTT GGATGGGCTATATACAGTAAAGATAATAGTGTAAGAATCGGTTCCAAGGGGGATGTGTTT
GTCATAAGGGAGCCTTTCATCTCATGTT CACTTGGAATGCAGAACTTTCTTTTTGACTCAAGGTGCC
CTGCTGAATGACAAACATTCTAATGGAA ATTAAAGACAGH‘&CCCATATAGAACCC GAGCTGT

GTGCATGTGTGAATGGTTCTTGCTTTACTGTAATGACCGATGGACCTAGTAATGGGCAGGCATCATAC
AAGATCTTCAAGATAGAAAAGGGGAAAGTAGTCAAATCAGTTGAGTTGAATGCCCCTAATTATCACTAC
GAGGAATGCTCCTGTTATCCTGAGTCTGGCAAAATCACATGTGTATGCAGGGATAATTGGCATGGCTCG
AATCGACCGTGGGTGTCTTTCAATCAGAATCTGGAGTATCAAATAGGATACATATGCAGTGGAATTTTC
GGAGACAATCCGCGCCCTAATGATAGAACAGGCAGTTGCGGTCCTGTATCTTCTAATGGAGCAAATGGG
GTGAAAGGATTTTCATTTAAATACGGCAACGGTGTTTGGATAGGAAGAACCAAGAGCACTAGTTTAAGG
AGCGGTTTTGAGATGATCTGGGATCCAAACGGGTGGACAGGAACTGACAATAACTTCTCCGCAAAGCAA
GATATCATAGGAATAAATGATTGGTCAGGATACAGCGGGAGTTTTGTTCAGCATCCAGAACTGACTGGA


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=223056297&dopt=GenBank&RID=W0PNP2M5013&log$=nuclalign&blast_rank=1
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CTGGATTGTATGAGACCTTGCTTTTGGGTTGAACTTATCAGAGGGCGACCCAAAGAGAACACAATCTGG
ACTAGTGGGAGCAGCATATCCTTTTGTGGTGTGAATAGCGACACTGTGGGTTGGTCTTGGCCAGACGGT
GCTGAGTTGCCATTTAACTATGACAAGTA

A/swine/Thailand/CU-CB1/2006 (swH1N1-0

HA gene 1636 nucleotides; Genis k:

TAGGTTATCATGCAAATAATTC ‘ "ATTAGAAAAGAATGTTACAGTAACAC
ACTCTGTTAACCTTTTAGAAGAS AATGG CCTAAGGGGGAAGGCCCCACTGC
ATTTGGGTAAATGTAACATHE \IGGCTCGTAG GTGCGAATTACTATTTGCAGTAA
ACTCATGGTCTTACAT TGTECARACATC GAACTCAGACARTEEEACATGT TACCCAGGAGATTTCACCA
GTTATGAAGAGCTAAGAGAA GATTCGAAATATTCCCCAAAG
CAAGCTCTTGGCCCARCCA | CCCTTATGCTGGAACARAACG
GCTTCTACAGGAATTTGABETCGETACTA ; 4 CCAAAACTCAGAAAATCCTATG
TTAATAATAAGAAGARCGAAGHC CHTGTAC GGC “AC CCACCAATACTGATCAAC
AAAGTCTCTACCAGAATGERCABECETAT e ATCAAAATATAGCAGGAAATTCAAAC
CAGRAATAGCAGARAGRCCCARGGIGAGEGCTC: AGGAAGAATGAACTATTATTGGACATTAATAG
AGCCTGGAGACACAATAAGAT THCAAG IC' \
ATAGAGGTCCTGTATCGECTATCA
CACCCAAGGGTGCCAMAARGA( ;
CCAAATATGTCAAARAGCAGAAGAC TAAGAA
GAGGTCTGTTTGGGGCCATTGETGETTTCAR
GTTATCATCATCAGAAFGGAGAAGCATCAGCATATG
ATAGGATAACTAACAAGGTAAATTCTGTTATTGAAAR
AATTTAACCACTTAGARAGAZ ﬂ?ﬁdﬂﬁ%ﬁ o AAAA :
GGACATACAATGCCGAACTGTEAGTCCIATICCAAA 'TTGGATTTCCATGACTCAAATG
TAAAAACCCTATATGAAAAGGTAAAAACECAGC TAAGGA CAAAGAAATTGGGAATGGCTGCT
TTGAATTCTATCACAAATGIGATGACACATGCATGGAGAGEATCARAAATGGGACTTACAATTACCCCA
AATACTCGGAAGAATC‘“‘CTA%EéﬂﬁﬁbAGh“ﬁ SATGGAGTAAAACTGGAGTCAACAAGGATTT
ACCAGATTTTGGCGATCTATTCAACTGECCCCAGRRCACTIGGTACTGTTGGTCTCCCTGGGGGCAATCG
GTTTCTGGATGTGCTCCAATGQQ%%@EEQ@AG&@&5

2
NA gene 1415
ATGAATCCAAAC

\F
ACTGTAATGCGACTTGTCAAA
: dcggTCACTATTGGAGAATGTC
AAATATCCCTTCTATTCAATCTA
GACAGGGATGATAGATGGGTGGTACG

GATAATAACCATT GGATAGCAAGCTTGATA
CTACAAATTGGAAACATAATC AGAAATCAAAACCAGCCT
GAAACATGCAACC GCGTCATCACTTACGAAAACAACACTTGGGT CAGACATTTGTTAACATC

AACAACACCAATTTTGTTGCTGAACAGGCCATAGTCTCAGTGAAATTAGCGGGCAATTCCTCTCTCTGC

CCTGTTAGTGGATGGGQﬁ%Eﬁ%ACAGTAAAGATAA GTAAGAATCGGTTCCAAGGGGGATGTGTTT
GTCAT GGCTILEC C T AGGACBETCBITTEGACTCAAGGTGCC
CTGCT G TTC %E : ngA CTGATGAGCTGT
CTTGTTEGTG LCCTTEICCATAJAACTCAAGGETTEAGTCAGTCGCITGGTEAGCAAGTGCTTGC
CATGATGGCATCAGTTGGCTGACAATTGGAATTTCTGGCCCAGACAATGAAGCAGTGGCTGTGCTGARA
TACAATGGCATAATAACAGACACCATC AGTTGGAGAAA?@S;ATATTAAGGACAC%@;@ATCTGAA

TGTGCATGTGTGAATGGTTCTTGCTTTACTGTAATGACCGA CCTAGTAATGGGCA ATCATAC
T A A ] GTTG CCT CACTAC

A TG GTIATCCT T ATGT T GGGAT GGCTCG
CGACCGTGGGTGTCTTTCAATC T GAGTATC AGGATA ATGCAGTG TTTTC
GAGACAATCCGCGCCCTAATGATAGAACAGGCAGTTGCGGTCCTGTATCTTCTTATGGAGCAAATGGG
GTGAAAGGATTTTCATTTAAATACGGCAACGGTGTTTGGATAGGAAGAACCAAGAGCACTAGTTTAAGG
AGCGGTTTTGAGATGATCTGGGATCCAAACGGGTGGACAGGAACTGACAATAACTTCTCCGCAAAGCAA
GATATCATAGGAATAAATGATTGGTCAGGATACAGCGGGAGTTTTGTTCAGCATCCAGAACTGACTGGA
CTGGATTGTATGAGACCTTGCTTTTGGGTTGAACTTATCAGAGGGCGACCCAAAGAGAACACAATCTGG

ACTAGTGGGAGCAGCATATCCTTTTGTGGTGTGAATAGCGACACTGTGGGTTGGTCTTGGCCAGACGGT
GCTGAGTTGCCATTTACTATTGACAAGTAATTTGTTCGAAAAAACTCCTTGTTTCTACTGGA
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A/swine/Thailand/CU-CB918/2009 (swH1N1-09)

HA gene 1694 nucleotides

ATGaagGCATTACTATTAGTCTTGCAATGTATACTTACAGCCGCAAGTGCAGACACATTATGTATAGGT
TACCATGCAAATAATTCAACTGACACAGTTGATACAGTACTAGAAAGGAATGTAACAGTAACACACTCT

TCATGGCCTAATCATGAAACAAACAAAGC @& @l TTATGCTGGAGCAAACAGCTTC
TACAGAAACTTAaTATGGEEEQ!!!&ﬁdAA T CTCAGCAAATCCTATGTCAAC
aATAAGAAAAAAGAGGT g T AT ACCAGTACTGACCAACAAAGT
CTCTACCAGAATGCAGARGEESTATC I GCAAGAGATTCAAGCCAGAA
ATAGGAACAAGACCAAAGGTGAGAAATCA] 4 TTATTACTGGACAATAGTAGAGCCT
GGAGACACAATAACATTEGCAACG #;’a; TACGCATTCGCAATGAAAAGA
GATTCTGGATCTGGTATTAK fCA \( \ATCCAC ACAACTTGTCAAACACCT
AAAGGTGCTATAAACACEAGCCH A STACATCC ACAATTGGGGAATGTCCAAAA
TATGTCAAAAGCACAAAATTAAGARA ] '

CTGTTTGGAGCCATTGCTEGCT f

CACCATCATAATGAGCAAGGATCAI

ATCACTAACAAAGTGAACTQ

AGCCATCTGGAAAAAAGGETAC

TACAATGCCGAACTGTTGCCTT

ACCGTATATGAGAAAGTAR A

TTTTACCACARATGTGATGACTQ TgcﬂmgﬁAb

TCAGAAGAATCAAGAT TAAACA AGKGKAAATAj

ATTTTGGCGATCTATTGAACTGTCGCCA ]

TGGATGTGCTCCAATGGGTCETTAC

TAGCAAAAGCA%:%E - i GGTTCAGTTTGTATGACG

ATTGGAATAGCC TAGCCATTCAATTCAA
AAAACAACACTTGGGTA
AGTTTCAGTGAAATTA

GCAGGCAATTCCT::;T \CTAAAGATAATAGTGTAAGAATT

GGTTCCAAGGGGGAT SATCTCATGCTCTCATTTGGAGTGCAGAACC
TTCTTCTTGACTCAREGTGCTCTTTTGAATGACAAACATTCTAATGGAAGAAT TAAGGACAGAAGCCCA
TTCCGAACCCTGATGAGTTGTCTCGTTGGTGAAGTTCCTTCTCCATACAACTCAAGGTTTGAGTCAGTC
GCTTGGTCAGCAAGTG qgspATAATGGTACCAGTqQBCTAACAATTGGAATTTCTGGCCCAGACAAT

GGGGC TGT AGAAAAAACATA
TTGAG TG TT ACAGATGGACCT
AGTAAT G G T TCAGTTGAGTTG

GATGCCC TTATCATTATGAGGAATGCTCCTGTTATCCTGATTCTGGTAAAATCACATGTGTGTGC
AGGGATAATTGGCATGGCTCGAATCGACGGTGGGTGTCTTTC TCAGAATCTGGAGT TAGGG

Q%ﬁﬁ%ﬁ@%ﬂﬁﬁ FRE e

CAACTTCTCATTAAAGCAAGATATCATAGGGATAACTGATTGGTCAGGATACAGCGGGAGTTTTGTC
AGCATCCAGAACTAACCGGACTGGACTGTATGAGACCTTGCTTCTGGGTTGAACTAATCAGAGGAAGA
CCTAAAGAGAACACAATCTGGACTAGTGGGAGCAGCATATCCTTTTGTGGGGTGGACAGTGACACTGTG
GGTTGGTCTTGGCCAGACGGTGCTGAGTTGCCATTTACTGTTGACAAGTAATTTGTTCAAAAAAACTCC
TTGTTTCTACT
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A/Swine/Thailand/CU-ST3/2009 (swH1N1-09)
HA gene 1357 nucleotides

AAGCAAAAGCAGGGAAAATAAAAGCAACCGCAATGAAAGCAATACTATTAGTCTTGCTATGTACATTTG
CCGCAGCAAATGCAGACACACTATGCGTAGGCTATCATGCAAATAACTCAACTGACACTGTTGATACCA

GGACATGTTACCCAGGAGAT! CAATTATGAACACCIAAGAGAACAATTGGGCTCAGTATCATCAT
TTGAAAGATTCGAGATATT AAGAAAGTTCATEEC@ERACCATGAGACAAACAGAGGTGTAACGG
CAGCATGCCCTTATGCTGGACCARACAGCTTC CA@ag!!!EiéATGGCTAGTAAAGAAGGGGAACT
CATATCCAAAGCTCAGCARATCCTATGI TAATAATAAGAAGAAAGAAGTCCTTGTGTTATGGGGCATCC

ACCATCCACCCACCAATACTG :;ﬁ*‘GT TCTA AGATGCCTATGTTTTTGTGGGGT
CATCAAAGTATAACAGGAAATRECAAACCAGALRATAC CCAAGGTGAGGGGTCAAGCAGGAA

GAATGGACTATTACTGGACA Lijele “TGGAGACACAATAACAT TIGAAGCAACTGGAAATCTAG
TGGCACCAAGATATECT TTRECAALC CTROEE [GGTATCATGACATCGGATGTACCAG
TCCATGATTGCAATGCAACCTGEC AA Al ! GCAT AGCCTTCCATTTCAGAATA
TACATCCAATCTCTATTGGAGANT GAARATATGTCAARAGH ' TAAGAATGGCTACAGGAC
TGAGGAATATACCTTCTATITCAJ '*gpdwteei ( 'ﬁ‘CT GCTTTATTGAGGGAGGAT
GGACAGGAATGATAGAMEGGT T CARGGATCAGGATATGCAGCGG
ACCAAAAGAGCACAGAGAATGC ATEGGATEACTAACAAGCTAAATTCTGTTATTGAAAAAATGA
ACATACAGTTCACAGCAGEGGH! .@AAT SARCC .Graﬁ§‘ugt~ AGAGAACTtGAaCAAAA
aagGTTGATGATGGCT HECT GGACATPACAATGCAA,

J ) j‘l,.u "‘_

B
AN

s ol T - &
NA 1406 nucleotides £ © GO a4
gene nucleo S» "J":‘I ¥ ‘ ‘
ATGAATCCAAACCAGAAGATAATAA IRGLITE TCTGTGTGACGATTGGAATAGCCAACTTGATA

TTACAAATTGGAAACATAATETCAATATGCAT TAGCCGTTEAACTCAAGTTGGGAATCAAAATCAGACT
GAAGCATGCAACCAAAGAGTCAT TRCERAL; CTTGGGTAAATCAGACATATGTITAACATC
AGCAACATCAATTTTGTTGCTAAACAGGCAGTAGTTTCAATGAAATTAGCGGGAAATTCCTCTCTTTGC

CCTGTTAGTGGGTGGGCTATATATAGTAAGGATAATAGTGTAAGAATTGGTTCCAAGGGGGACATGTTT
GTAATAAGAGAACCATTCATCTCATGCPCTAACTT TEAATGCAGARAACTTCTTCTTGACTCAGGGTGCC
CTGCTGAATGACAAGCACTCTAATGGAACCATTAAAC AFPAGAACACTGATGAGCTGT
CCTATTGGTGAAGH! ATATAACTCANCA A TECTCAGCAAGTGCCTGC

CATGATGGCACOA v ACAA GECCAGTGGCTGTGCTGAAA
TACAATGGAATARTAACAGACACCATCE AGAACACAAGAGTCTGAA
TGTGCATGTATGGATGGT TCTTGT! GCACCTAGIGATGGGCAGGCCTCATAT

AAAATCTTCAAAATAGAAAAGGGAAAAATAGTCAAATCAGTCGAGTTGAATGCCCCCAATTATCACTAC
GAGGAATGCTCCTGTTACCCTGAATCTGGTGAAATCATATGTGTGTGCAGGGATAACTGGCATGGCTCA
AATCGACCGTGGGTGTQﬂT_ AATCAGAATCTGGA CAAATAGGGTACATATGCAGTGGGGTTTTC
G
G C

GGAGAC CCGCG / C C TAIC C GGAGCAAATGGA
GT TTCCTITC G ACTAGTTCAAGG
AGCGGGTTTG C CGGA TGAC TTCTCAGTAAAGCAA

GATATC GGAATAACTGATTGGTCAGGATACAGCGGGAGTTTTGTTCAGCACCCAGAACTGACCGGG
ATGGACTGTATGAGACCTTGCTTTTGGGTTGAACTAATCAGAGGGCGACCAAAAGAGAACACAATCTGG
ACTAGTGGGAGCAGCATATCCTTTTGTGGTGTGAATAGCGA GTAGGTTGGTCTT AGACGGT

R NINEAR Y
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A/Swine/Thailand/CU-M 8.2/2009 (sw H1N1-09)

HA gene 1732 nucleotides

GCAAAAGCAGGGGAAAACAAAAGCAACAAAAATGAAGGCAATACTAGTAGTTCTGCTATATACATTTGC
AACCGCAAATGCAGACACATTATGTATAGGTTATCATGCGAACAATTCAACAGACACTGTAGACACAGT
ACTAGAAAAAAATGTAACAGTAACACACTCTGT CTTCTAGAAGACAAACATAACGGGAAACTATG
CAAACTAAGAGGGGTAGCCCCATTGC ] CATTGCTGGCTGGATCCTGGGAAATCC
AGAGTGTGAATCACTCTCCACAGC ' TTGTGGAAACATCTAGTTCAGACAATGG

AACGTGTTACCCAGGAGATTICA GCAATTGAGCTCAGTGTCATCATT
TGAAAGGTTTGAGATATT% ACTCGAACAAAGGTGTAACGGC
AGCATGTCCTCATGCTGGA ol AAMTGGCTAGTTAAAAAAGGAAATTC
ATACCCAAAGCTCAGCARAT “ii‘il“! AAT CCTCGTGCTATGGGGCATTCA
CCATCCATCTACTAGTGCCHE \GA AGATGCATATGTTTTTGTGGGGAC
ATCAAGATACAGCAAGAAGTIE TAAGR

AATGAACTATTACTGGAE

GGTACCGAGATATGER

CCACGATTGCAATACALR

ACATCCGATCACALTTGC

GAGGAATGTCCCGTCTA

GACAGGGATGGTAGATGECATG

CCTGAAGAGCACACAGAATG

TACACAGTTCACAGCAGTAGGT 3

AGTTGATGATGGTTTC Aﬂ

AACTTTGGACTACCAGCATTCAR :

TGCCAAGGAAATTGGAAAGEECT G‘IT;F@TZE !

CAAAAATGGGACTTATGACTAC A'KAA'TACTC
GGTAAAGCTGGAATCAACAAGEATTTAGCAGATT

ACTGGTAGTCTCCCTGGGGGEAATC.

TATTtARA

NA gene 1391 nucleotides i

i F
AAAAGATAATA@C A TTGGTTCGGTCTGTATGACMC [TAATATTACAAATTGGAA

ACATAATCTCAAT AT TE@AGATTGAAACATGCAATC
1 ; ATCAGCAACACCAACA

“TCTGCCCTGTTAATGGAT

TGTTTGTCATAAGGGAAC

GGGCCTTGCTAAATGACA
AACATTCCAATGGAACCATTAAAGACAGGAGCCCATATCGAACCCTAATGAGCTGTCCTATTGGTGAAG
TTCCCTCTCCATACAA@F §GATTTGAGTCAGTC T GGTCAGCAAGTGCTTGTCATGATGGCATCA

ATTGGC] ACAACGGCATAA
TAACA GTGCATGTGTAA
ATGGT TGGAC GAT G \C GG CATA GATCTTCAGAA

AAAGATAGTCAAATCAGTCGAAATGAATGCCCCTAATTATCACTATGAGGAATGCTCCT
GTTATCC ATTCTAGTGAAATCACATG TGTGCAGGGATAACTGGCATGGCTCGAAT CCGTGGG
TGTCTTTCAACCAGAATCTGGAATATCA ATAGGATACATA GTGGGATTTTCGGA AATCC

AAATGAGTGGTCAGGATATAGCGGGAGTTTTGTTCAGCATCCAGAACTAACAGGGCTGGATTGTATAA
GACCTTGCTTCTGGGTTGAACTAATCAGAGGGCGACCCAAAGAGAACACAATCTGGACTAGCGGGAGCA
GCATATCCTTTTGTGGTGTAAACAGTGACACTGTGGGTTGGTCTTGGCCAGACGGTGCTGAGTTGCCAT
TTACCATTGAC
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A/Swine/Thailand/CU-CHL2/2009 (swH1N2-09)

HA gene1583 nucleotides

AGAATGTAACAGCCCCACACTCTGTGAACCTTCTGGAAGACAAACACCCCGGGAAATTATGTCAGCTGA
AAGGCATAGCCCCATTGCATTTGGGTAAATGTAACATTGCTAGATGACTCCTGGGGAACCCAGAATGTG

o' STAAAAAAAGGAAATTCATATCCAA
ACGRE ﬁiﬁcTATGGGGCATTCACCACCCAT

o ¢ 7 TGTTTTTGTGAGCTCATCAACAT

ACAACAAGAGATTCAAGCCA wave : A ATCAATCAGGGAGAATGAATT

ATTACTGGACAATAGTAGAG A AT A \CTGGAAATCTAGTGGCACCAA

GATACGCATTCGCAATGAAALG ' "ATTAT '

GTAACACAACTTGTCAAACH

TCACAATTGGGGAATETCCA

TCCCGTCTATTCAATC

TGATAGATGGATGGE ;

GCACACAGAATGCCATTGACG

TCACAGCAGTGGGTARAGAATIC

ATGGTTTTCTAGATGITTGE

ATTATCATGACTCAAATGIEG

AAATTGGAAATGGATGGETT

AGACTTATGACTATTECAL

TAGAATCAACACAAATTTARCAGATT TG

TCTCCCTGGGGGCAATCABT TIETECATET

ATTAGGATTTCAGAGAARTGABRAACCE f

NA gene 1388 nucleotide

ATGAATCCAAATCAAAAGATAATS tCTCACTATTGCCACAACATGCTTCTTC
ATGCAAATCGCCATCCTAGTAAT1A§¥G§GAC \ [CAAACACTATGAATGCAACTCCTCTCCA
AATAATCAAGTAGTGCTGTGTGAAC -
AACACCACCATAu*GAAGGAGGTGTGTCCC

GAGTTGGGTGTTCCAMTTCA A7 ATGGTCCAGCTCAAGTTGTCAC
GATGGAAAAGCATGEGTGCATATTTC ¢ CTGCTAGCTTCATTTAC

GATGGAAAGCTTGTAGATAGTATTAGTTCATGGTCCAAAAGAATTCTC CCCAGGAATCGGAATGC
GTTTGTATCAATGGAGTCTGTACAGTAGTAATGACTGATGGAAGTGCTTCTGGAAGAGCTGAAACTAAA
ATATTGTTCGTTGAAG QEﬁAAGATTGTTCATATTﬁGECCATTGTCAGGAAGTGCTCAGCATGTTGAG

GAGTG AAGGGCTCCAAT
AGGCC T A TGCTCAGGGCTTGTT
GGAGA C C A T AATGAGGAAGGG

GGCCATG GTGAAAGGCTGGGCTTTCGAT GAT GGAAAT GATGTGT GGAT GGGAAGAACGAT CAGCGAG

AAGTTTCGCTATGGTTATGAGACCTTCA%GTCATTGAAGGC GTCCAAACCTAATT CTGCAA
G T GGC

TG ﬁﬁ CTGG

TCA T ATT GGGT GAT

qGGGCGGA
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A/sw/Thailand/CU-CHK4/2009 (swH1N2-09)
HA gene 1735 nucleotides

TAAGCAAAAAGCAGGGAAAATAAAAGAAGCCAAAATGAAGGCaATACTATTAGTCTTGCAATGTATACT
TACAGCCGCAAATGCAGACACATTATGT

AGTATTAGAAAAGAATGTAACAGT

ATGTAAGCTGAAAGGGATAGCCCC SCATTTEICHE TAACATTGCTGGATGGCTCCTGGGGAA
CCCAGAATGTGAATTACTATICA AAACTC] T TTGTGGAAACATCTTACTCAGACAA
TGGGACATGTTATCCAGGGGA €2 SAGAGAGCAGTTGAGCTCAGTGTCATC
ATTTGAAAGGTTTGAGATS%EE!E!!&& TG AATCATGAAACAAACAAAGGTGTGAC
GGCAGCATGCCCTTATG T ATGGCTGGTAAAAAAAGGAAA
TTCATATCCAAGGCT L : AL TCCTTGTGCTATGGGGCAT
TCACCACCCATCTACCAGTACEGCATEAAC! ;i \GAATGCAGATGCCTATGTTTTTGTGAG
CTCATCAACATACAACAAGA 3

GAGAATGAATTATTACTGGA (

AGTGGCACCAAGATACGE] : ICAAAAGE GA il

AGTCCACGATTGTAACA @ T AAACACCTAAAGG!

TGTACATCCAGTCACAATHCGGEAATGE

ACTAAGGAACATCCCGECTATICAATECAGAG

ATGGACAGGAATGABAGATBCATCCTACGE!

TGACCGAAAGAGCACACAGAATGCG

GAACATACAATTCACAGCAGTLGGG AAAeaﬁ [CA

AAAGGTTGATGATG 'TG ] q SCGAACTGTITGGTTCTATTGGAAAATGA

AAGAACTTTGGATTATCATEAC BCAAALGIGAARAACCTATATGAGAAAGTAAGAAGCCAGCTGARARA
CAATGCCAAAGAAATTGGAAATE ATGT;;F#;A TTACCACAAATGTGATGACTCATGCATGGAGAG
CATTAAAAATGAGACT TATGACTATTCEAACTA! «l;, PCAAGATTAAACAGAGAGAAAATAGA

TGGAGTGAAATTGGAATCAACAC

ATGTATTTAA

NA gene 1410 nUglestides

ATGAATCCAAAT “ G ( @PATTCOCACAACATGCTTCTTC
ATGCAAATCGCP“'i'TAGTAATTACTGTGA i \[GAATGCAACTCCTCTCCA

AATAATCAAGTAGTG! \GAGATAGTATATCTAACC
AACACCACCATAGAF‘ TGT GITGGTCARAGCCGCAATGC
AAAATTACAGGATPEACACCTITTTCTARAGACAATTCAATCCGGCTT MeEGCTGETGGGGACATTTGG

GTGACAAGAGAACCTTATGTGTCATGCGATCCTGACAAGTGTTATCAATTTGCCCTTGGACAGGGAACA
ACACTAAACAACAAGC T:‘AATGACACCGTACAT“AEAGGACCCCTTATCGAACCCTATTGATGAAT

GAGTT TCAAGTTGTCAC
GATGG AGCTTCATTTAC
GATGG AT A TGGT A G A GAATCGGAATGC

GTTTGTA AATGGAGTCTGTACAGTAGTAATGACTGATGGAAGTGCTTCTGGAAGAGCTGAAACTAAA
ATATTGTTCATTGAAGAGGGGAAGATTG‘TCATAT TAGTCCATIGTCAGGAAGTGC TgTGTTGAG

TGTT
GGG
GCCATGGAGTGAAAGGCTGGGCTTTCGATGATGGAAATGATGTGTGGATGGGAAGAACGATCAGCGAG
GTTTCGCTATGGTTATGAGACCTTCAAAGTCATTGAAGGCTGGTCCAAACCTAATTCCAAACTGCAA
ATAAATAGGCAAGTCTTAGTTGACAGAGGTAATAGGTCCGGTTATTCTGGAATTTTCTCTGTTGAAGGC
AAAAGCTGCATCAATCGGTGCTTTTATGTGGAGTTGATAAGGGGAAGGAAACAGGAAACTGAAGTCTGG
TGGACCTCAAACAGTATTATTGTGTTTTGTGGCACATCGGGTACATATGGAACAGGCTCATGGCCTGAT
GGGGCGGACATCAATCTCATGCCTGTGTAA
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A/swine/Thailand/CU-RA114/2010(H1N1)

HA gene 1678 Nucleotides; GenBank: CY062268

GTTCTGCTATATACATTTGCAACCGCAAATGCAGACACATTATGTATAGGTTATCATGCGAACAATTCA
ACAGACACTGTAGACACAGTACTAGAAAAGAATGTAACAGTAACACACTCTGTTAACCTTCTAGAAGAC

TTGAGCTCAGTGTCATCATT
TCGAACAAAGGTGTAACCGEA

CTAGTTAAAAAAGGAAR CC

CTCGTGCTATGGGGCATTCA CAAAGTCTCTATCAGAATGCAGAT
GCATATGTTTTTGTGEEEACA T CAAC AT TAGCAATAAGACCCAAA
GTGAGGGATCAAGAAGGGAGART GARCH G AGCCGGGAGACAAAATAACATTC
GAAGCAACTGGAAALGIACT GETACEG:

ATCATTTCAGATACACCE C A ‘ (

AGCCTCCCATTTCAGAATATAGATEC E? GAAAAT TATGTAAAAAGCACAAAA
TTGAGACTGGCCAGAGGATICAGGAAT TTCAA TATTTGGGGCCATTGCC
GGTTTCATTGAAGGGGGETGGA '

GGGTCAGGATATGCAGECGAL

TCTGTTATTGAAAAGATGA

ATAGAGAATTTAAATAAARAAATT@ATGAT

GTTCTATTGGAAAATGARAGAACTTTGGA

AGAAGCCAGTTAAAAAACAATGC

AACACGTGCATGGAAAGTGETCE

AACAGAGAAGAAATAGATGGGET

ACTGTCGCCAGTTCATTGGTA

TCTCTACAGTGTAGAATATGTA

—

NA gene 1440 nucleotides;@éﬁ'd'kiﬁ'

-

GAATGGCTAACTTAATA
GGGAATCAAAATCAGATT
FCAGACATATGTTAACATC

EGCAATTCCTCTCTCTGC

TTACAAATTGGAA
GAAACATGCAA
AGCAACACCAA

PMITGCTGCTGGACAGTC

CCTGTTAGTGGATG TATA ACAGTAZ : TCCAAGGGGGATGTGTTT
GTCATAAGGGAACCATTCATATCAT Ao GCAGAACC TTCTTGACTCAAGGGGCC
TTGCTAAATGAC ATTCCAATGGAACCATTAAAGACAGGAGCCCATATCGAACCCTAATGAGCTGT

CCTATTGGTGAAGTTCCETCTCCATACAACTCAAGATTTGAGTCAGTCGCTTGGTCAGCAAGTGCTTGT
CATGATGGEATCAATT Gdsaﬂ AATTGGAATTTCTGGCCCAGACAATGGGGCAGTGGCTGTGTTAAAG
TACAA A T ACA G CAAGAGTCTGAA
TGTGC G GGTTGET T CGATGGACC GATGGACAGGCCTCATAC
AAGATC A T GG AGTCA CAGTCG TG G AATTATCACTAT

GAGGAATGETCCTGTTATCCTGATTCTAGTGAAATCACATGTGTGTGCAGGGATAACTGGCATGGCTCG
AATCGACCGTGGGTGTCTTTCAACCAGAATCTGGAATATCAGATAGGATACATATGCAGEGEGATTTTC

QATATTGTAGGAATAAATGAGTGGTCAGGATATAGCGGGAGTTTTGTTCAGCATCCAGAACTAACAGGG
CTGGATTGTATAAGACCTTGCTTTTGGGTTGAACTAATCAGAGGGCGACCCAAAGAGAACACAATCTGG
ACTAGCGGGAGCAGCATATCCTTTTGTGGTGTAAACAGTGACACTGTGGGTTGGTCTTGGCCAGACGGT
GCTGAGTTGCCATTTACCATTGACAAGTAATTTGTTCAAAAAAACTCCTTGTTTTCTACT
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A/swine/Thailand/CU-RA15/2010(H1N1)

HA gene 1676 Nucleotides; GenBank: CY062276

CTGCTATATACATTTGCAACCGCAAATGCAGACACATTATGTATAGGTTATCATGCGAACAATTCAACA
GACACTGTAGACACAGTACTAGAAAAGAATGTAACAGTAACACACTCTGTTAACCTTCTAGAAGACAAG
CATAACGGGAAACTATGCAAACTAAGAG GCCCCATTGCATTTGGGTAAATGTAACATTGCTGGC
\ \GCAAGCTCATGGTCCTACATTGTGGAAACA
ATTATGAGGAGCTAAGAGAGCAATTG
A : GTTCATGGCCCAATCATGACTCG
: TCTACAAAAATTTAATATGGCTA
GTTAAAAAAGGAAATTCATACCCAAZ GC!!!!!§§ATGATAAAGGGAAAGAAGTCCTC
GTGCTATGGGGCATTCACCA
TATGTTTTTGTGGGGACANE
AGGGATCAAGAAGGGAGAAT
GCAACTGGAAATCTAGLE
ATTTCAGATACACCH
CTCCCATTTCAGAATATACAT
AGACTGGCCACAGGA
TTCATTGAAGGGGGGTG
TCAGGATATGCAGCCGAL
GTTATTGAAAAGATGA,
GAGAATTTAAATAAAAAAATTGATG ‘ C
CTATTGGAAAATGAAAGAACT :” - G CTTATATGAAAAGGTAAGA
AGCCAGTTAAAAAACAATGCCAA( (¢ i TTACCACAAATGCGATAAC
ACGTGCATGGAAAGTGTCAAAAA Ggeﬂgﬂmﬁiﬁw..A
AGAGAAGAAATAGATGGGET AMAGETGEAATCAA
GTCGCCAGTTCATTGGTACTG JAGTCtgdeG;
CTACAGTGTAGAATATGTAT, 4

CCAAGGGGGATGTGTTT
TTCTTGACTCAAGGGGCC
TTGCTAAATGAC"‘lATTCCAATGGAACCATTAAAGACAGGAGCCCA CGAACCCTAATGAGCTGT
CCTATTGGTGAAGTTCCCTCTCCATACAACTCAAGATTTGAGTCAGTCGCTTGGTCAGCAAGTGCTTGT

CATGATGGCATCAATTQﬁC CAATTGGAATTTCTGG CCAGACAATGGGGCAGTGGCTGTGTTAAAG
TACAAC \ CAAGAGTCTGAA
TGTGC TTC T A [AR Al CAGGCCTCATAC
AAGATCTTCA / A\AATCAGT G TG GCCCCTAATTATCACTAT
GAGGAAT TCCTGTTATCCTGATTCTAGTGAAATCACATGTGTGTGCAGGGATAACTGGCATGGCTCG

AATCGACCGTGGGTGTCTTTCAACCAG CTGGAATATCAGATAGGATACATATGCAG GATTTTC
GAGACAATCCACGCCCTAATGATAAG AGGCAGTTGTGG GTATCGTCTAATG

TGGATTGTATAAGACCTTGCTTCTGGGTTGAACTAATCAGAGGGCGACCCAAAGAGAACACAATCTGG
ACTAGCGGGAGCAGCATATCCTTTTGTGGTGTAAACAGTGACACTGTGGGTTGGTCTTGGCCAGACGGT
GCTGAGTTGCCATTTACCATTGACAAGTAATT
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A/swine/Thailand/CU-RA20/2009 (H1N1)

HA gene 1683 nucletides; GenBank: CY062284

TTAGTCTTGCAATGTATGCTTACAGCCGCAAATGCAGACACATTATGTATAGGATACCATGCAAATAAT
TCAACTGACACAGTTGATACGGTATTAGAAAAGAATGTAACAGTAACACACTCTGTCAACCTTCTGGAA

GTCCTCGTGCTATGGGGCATT CCAACAAAGTCTCTACCAGAATGCA
GATGCCTATGTTTTTGTEECCT CATC AT AGAAATAGGAACAAGACCC
AAAGTGAGAGATCAGGCAGGEA AAT A TAAAGCCTGGAGACACAATAACA
TTCGAATCAACTGGAZ TAGTGGEACE? , 3 GAGATTATGGATCTGGT
ATTATCATGTCAGATACAGEAGT.ECAC ‘ CGACTT CACCTAAAGGTGCTATAAAC
ACCAGCCTCCCATTCCAGA GAT AT AA TATGTCAAAAGTGAA
AAATTGAGAATGGECACA 'er*ECAT__C "CLR T GTCTGTTTGGGGCCATT
GCTGGTTTTATTGAAGGAG \u ]
CAAGGATCAGGATATG

AATTCAATTATTGACA AACE
AGAGTAGAAAATTTAAAGAALRARAAC

TTGGTTCTATTGGAAR ﬁA : TTA
GTAAGAAGCCAGCTGRAARMCANPGCCAACGAGATR
GATGACTCGTGCATGGAGABCANC ARARAPGHANCH
TTGAGTAGAGAGAAAATAGATBEGCTAAAANTGGA

TCAACTGTCGCCAGCTCATTGETACTGLFAGTCTOL,
GGGTCTTTACAGTGCAGAAT -

GGAATCACTAACAAAGTG
TTCAATCACCTGGAAAAA

TGAATTTTATCACAAATGT
AAAATATTCAGAAGAATCAAAA

—

NA gene 1396 nucleotides;@‘é"a'd'k{ﬁ'

- e b
ATGAATTCAAATCAGAAGATAATAGTCATTGGTTCGGTCAC
TTACAAATTGGAA 2 -
GAAACATGCAAC
AGCAACATCAA

4 AGACATATGTTAATATC
MPTGATGCTAAACAGGC

CGECCAATTCCTCTCTCTGC

CCCGTTAGTGGATG TATA ACAGTAZ 7 AATC TCCAAAGGGGACGTGTTT
GTCATAAGAGAGCCATTCATTTCAT o GCAGAACC TTCTTGACTCAAGGTGCC
CTGCTAAATGAC ATTCTAATGGAACCATTAAAGACAGAAGCCCATATCGGACCCTGATGAGCTGT

CTTGTCGGTGAAGTTCCTTCTCCATACAACTCAAGGITTGAGTCAGTCGCCTGGTCAGCAAGTGCTTGC
GGT

CATGATGGITACCAGTT GGEEA AATTGGAATTTCTGGTCCAGATAACGGGGCAGTGGCTGTACTGAAA
TACAA A T ACA CAAGAGTCTGAA
TGTGC G TGTTGCT CGATGGACCT GGGCAGGCCTCATAC
AAGATC GAT GGGG ‘ CAGTCG TG GCCCCCAATTATCACTAC

AAAGAATGETCCTGTTATCCTGACTCTGGTGAAATCATATGTGTATGCAGGGATAATTGGCATGGCTCG
AACCGACCATGGGTGTCTTTCAATCAGAATCTGGAGTATCAARTAGGATACATATGCAGEGEGGTTTTC

ATATTATAGGATTAACTGATTGGTCAGGATACAGCGGGAGTTTTGTTCAGCATCCAGAACTGACTGGA
CTGGATTGCATGAGACCTTGCTTTTGGGTTGAACTAATCAGAGGGCGGCCCAAGGAGAATACAATCTGG
ACTAGTGGGAGCAGCATATCCTTTTGTGGTGTGAATAGCGACACTGTGGGTTGGTCTTGGCCAGACGGT
GCTGAGCTGCCATTAC
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A/swine/Thailand/CU-RA204/2010 (H1N1)

HA gene 1671 nucleotides; GenBank: CY062292

TTAGTCTTGCAATGTATGCTTACAGCCGCAAATGCAGACACATTATGTATAGGATACCATGCAAATAAT
TCAACTGACACAGTTGATACGGTATTAGAAAAGAATGTAACAGTAACACACTCTGTCAACCTTCTGGAA

GTCCTCGTGCTATGGGGCATT CCAACAAAGTCTCTACCAGAATGCA
GATGCCTATGTTTTTGEEECCT CARC AT AGAAATAGGAACAAGACCC
AAAGTGAGAGATCAGGCAGGER AAT] A TAAAGCCTGGAGACACAATAACA
TTCGAATCAACTGGAZ TAGIFCGENE S j \ GAGATTATGGATCTGGT
ATTATCATGTCAGATACAGEAGT.ECAC ‘ CGAGTT CACCTAAAGGTGCTATAAAC
ACCAGCCTCCCATTCCAGA GAT AT AA TATGTCAAAAGTGAA
AAATTGAGAATGGECACAGE? ‘ﬁfﬂ*}CAT__C SR TN GTCTGTTTGGGGCCATT
GCTGGTTTTATTGAAGGAG A C A \u [CE
CAAGGATCAGGATATG ;7 GGAATCACTAACAAAGTG
AATTCAATTATTGACA ACAL] (P A ] TTCAATCACCTGGAAAAA
AGAGTAGAAAATTTAAAGAAAMAAGTCEACCATGE ‘

A

H

TTGGTTCTATTGGAAAATGAAAGAACTT
GTAAGAAGCCAGCTGAAARACAA pcgﬁ'g,' ; G TGAATTTTATCACAAATGT
GATGACTCGTGCATGGAGAGCARCA AANCTTATG CAAAATATTCAGAAGAATCAAAA
TTGAGTAGAGAGAAAATAGATGE : a
TCAACTGTCGCCAGCTCATTG
GGGTCTTTACAGTGC

——
NA gene 1412 nucleotide; Ge‘gﬁ%&f&}@\(

ATGAATTCAAATCAGAAGATAATAGTCATTGGT
TTACAAATTGGAA \ \

GAAACATGCAAC A A A
AGCAACATCAATETTGATGCTAAACAGGC
CCCGTTAGTGGATG TATA ACAGTAZ -‘TC%EETTCAAAGGGGACGTGTTT
GTCATAAGAGAGCCATTCATTTCAT \CT1 GCAGAACC TTCTTGACTCAAGGTGCC
CTGCTAAATGAC ATTCTAATGGAACCATTAAAGACAGAAGCCCATATCGGACCCTGATGAGCTGT
CTTGTCGGTGAAGTTCCTTCTCCATACAACTCAAGGITTGAGTCAGTCGCCTGGTCAGCAAGTGCTTGC

i

CATGATGGITACCAGTT GGEEA AATTGGAATTTCTGGTCCAGATAACGGGGCAGTGGCTGTACTGAAA
TACAA A T ACA CAAGAGTCTGAA
TGTGC G TGTTGCT CGATGGACCT GGGCAGGCCTCATAC
AAGATC GAT GGGG ‘ TG GCCCCCAATTATCACTAC

GAAGAATGETCCTGTTATCCTGACTCTGGTIGAAATCATATGTGTATGCAGGGATAATTGGCATGGCTCG
AACCGACCATGGGTGTCTTTCAATCAGAATCTGGAGTATCAARTAGGATACATATGCAGEGEGGTTTTC

ATATTATAGGATTAACTGATTGGTCAGGATACAGCGGGAGTTTTGTTCAGCATCCAGAACTGACTGGA
CTGGATTGCATGAGACCTTGCTTTTGGGTTGAACTAATCAGAGGGCGGCCCAAGGAGAATACAATCTGG
ACTAGTGGGAGCAGCATATCCTTTTGTGGTGTGAATAGCGACACTGTGGGTTGGTCTTGGCCAGACGGT
GCTGAGCTGCCATTTACTGTTGACAAGTAATT

g Yot
TCGGTCAC

CCAGACATATGTTAATATC
CGECCAATTCCTCTCTCTGC
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A/swine/Thailand/CU-RA29/2009(H1N1)

HA gene 1702 nucleotides; GenBank: CY062300

ATGAAGGCAATACTAGTAGTTCTGCTATATACATTTGCAACCGCAAATGCAGACACATTATGTATAGGT
TATCATGCGAACAATTCAACAGACACTGTA ACAGTACTAGAAAAGAATGTAACAGTAACACACTCT

GAGGAGCTAAGAGAACAATTGAGC

TCATGGCCCAATCATGACT

TACAAAAATTTAATAT :

GATAAAGGGAAAGAAGTCCT i !gea;gééaggigTAGTGcTGACCAACAAAGT
CTCTATCAGAATGCAGATECATARET IIT" ; CAAGAAGTTCAAGCCGGAA
ATAGCAATAAGACCCAAAGHER ATCAAG g ATTACTGGACACTAGTAGAGCCG
GGAGACAAAATAACAT ’

GATGCTGGATCTGGTATTA : _

AAGGGTGCTATAAACAGCAG ¢gCA ATACATCOS: TTGGAAAATGTCCAAAA
TATGTAAAAAGCAGRRAATICAGACECECCACACGATTCAGS CTATTCAATCTAGAGGC
CTATTTGGGGCCATTGCEEGT BT CAT TCAAG
CACCATCAAAATGAGGAGGGETCACGATATCCAGCCGACCTS CAGAATGCCATTGACGAG
ATTACTAACAAAGEAAATTETGITATTGAARAGAT GAATACACAGT CAGTAGGTAAAGAGTTC
AACCACCTGGAAAAAAGAATAGAGCAAFTTAALTAAARAAAT TCATGATGGT TTCCTGGACATTTGGACT
TACAATGCCGAACTGTZCGTECTATTGG TGAAAGAACT TTGGACTACCACGATTCAAATGTGAAG
AACTTATATGAAAAGETAAGAAGECAGTTAARAAACAATGCCAACGAAATTGGAAACGGCTGCTTTGAA
TTTTACCACARATGCGAT MACACE TECATECRANETETEAAARACCEGACT TATGACTACCCAARATAC
TCAGAGGAAGCAAAATTAAACAGAGAA Aﬂ@ SATGGAGTARAGCTGGAATCAACAAGGATTTACCAG
ATTTTGGCGATCTATTCAACTEGTCGCE ACTGGTAGTCTCCCTGGGGGCAATCAGTTTC
TGGATGTGCTCTAATGGGTG

NA gene 1406 nucleotides; GJeﬁBami:,CYJO »
ATGAATCCAAAC GATAATKKCCATTGG{T@ s
TTACAAATTGG ATAATCTCAATATGGATTAM '

CCTGTTAGTGGA G ' TTCCAAGGGGGATGTGTTT
GTCATAAGGGAACC ¥ [CTTCTTGACTCAAGGGGCC
TTGCTAAATGAC ATTCCAATGGAACCATTAAAGACAGGAGCCCA" CGAACCCTAATGAGCTGT
CCTATTGGTGAAGTTCCCTCTCCATACAACTCAAGATTTGAGTCAGTCGCTTGGTCAGCAAGTGCTTGT

CATGATGGCATCAATTQﬁ CAATTGGAATTTCTGG CCAGACAATGGGGCAGTGGCTGTGTTAAAG
TACAAC _ CAAGAGTCTGAA
TGTGC TTC T A AATGA CAGGCCTCATAC
AAGATCITCA 7 \AATCAGT G TG GCCCETAATTATCACTAT
GAGGAAT TCCTGTTATCCTGATTCTAGTGAAATCACATGTGTGTGCAGGGATAACTGGCATGGCTCG

AATCGAC TGGGTGTCTTTCAACCAG CTGGAATATCAGATAGGATACATATGCAG GATTTTC
AG§FAATCCACGCCCTAATGATAAG AGGCAGTTGTGG GTATCGTCTAATG
ATATC

TGGATTGTATAAGACCTTGCTTCTGGGTTGAACTAATCAGAGGGCGACCCAAAGAGAACACAATCTGG
ACTAGCGGGAGCAGCATATCCTTTTGTGGTGTAAACAGTGACACTGTGGGTTGGTCTTGGCCAGACGGT
GCTGAGTTGCCATTTACCATTGACAA
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A/swine/Thailand/CU-RA4/2009 (H1N1)

HA gene 1703 nucleotides; GenBank: CY062308

ATGAAGGCAATACTAGTAGTTCTGCTATATACATTTGCAACCGCAAATGCAGACACATTATGTATAGGT

GGTAAATGTAACATTGCTGGCTGG: TGGGAAA LG

TGGTCCTACATTGTGGAAACA] AC C? 1 AACGIEGTTACCCAGGAGATTTCATCGATTAT
GAGGAGCTAAGAGAGCAATIGACCTCAC T TTTGAGATATTCCCCAAGACAAGT
TCATGGCCCAATCATGACICCGAACAAAG CATGCTGGAGCAAAAAGCTTC

TACAAAAATTTAATATGGCTA ; WCAGCAAATCCTACATTAAT
GATAAAGGGAAAGAA . V' CACEGATC TAGTGCTGACCAACAAAGT

CTCTATCAGAATGCAGAT ‘.' ' 5 SACAT ATACAGCAAGAAGTTCAAGCCGGAA
ATAGCAATAAGACC GG ' 2 .

GATGGGTGGTACGGTTAT
AGAATGCCATTGACGAG

TTTCCTGGACATTTGGACT
CCACGATTCAAATGTGAAG

ATTTTGGCGATCTATTCAAC
TGGATGTGCTCTAATGGGTC

NA gene 1347 nucleotides; ,G?j%(;?

ATGAATCCAAACCAAAAGATAATAACCATTGG CGGT T]]
TTACAAATTGGARACATAATCTCAATATGGATT

GAAACATGCAAT

AGCAACACCAACTA ”' GCAATTCCTCTCTCTGC
CCTGTTAGTGGATG A \/ TCCAAGGGGGATGTGTTT
GTCATAAGGGAACCA CATATCAT" GCAGAACC?EITTCTTGACTCAAGGGGCC
TTGCTAAATGAC ATTCCAATGGAACCATTAAAGACAGGAGCCCA CGAACCCTAATGAGCTGT
CCTATTGGTGAAGTTC TCTCCATACAACTCAAGA TTGAGTCAGTCGCTTGGTCAGCAAGTGCTTGT
CATGATGG ATCAATT CAATTGGAATTTC CCAGACAATGGGGCAGTGGCTGTGTTAAAG
TACAA AG CAAGAGTCTGAA
TGTGC C ATG GATGGACAGGCCTCATAC
AAGAT CAGTCG GCCCCTAATTATCACTAT
GAGGAAT TCCTGTTATCCTGATTCT G GAAATCACATGTGTGTGCAGGGATAACTGGCATGGCTCG

AATCGACCGTGGGTGTCTTTCAACCAG TCTGGAATATCA@GGATACATATGCAG&QEGATTTTc

ATATCGTAGGAATAAATGAGTGGTCAGGATATAGCGGGAGTTTTGTTCAGCATCCAGAACTAACAGGG
CTGGATTGTATAAGACCTTGCTTCTGGGTTGAACTAATCAGAGGGCGACCCAAAGAGAACACAATCTGG
ACTAGCGGGAGCAGCATATCCTTTTGTGGTGTAAAC
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A/swine/Thailand/CU-RA75/2010(H1N1)

HA gene1692 nucleotides; GenBank: CY062316

GCGAACAATTCAACAGACACTGTAGA
CTTCTAGAAGACAAGCATAACGGGAAR
TGTAACATTGCTGGCTGGATCCEGGE
TACATTGTGGAAACATCTAGCT
ATTCCCCAAGACAAGTTCATGG
GGAGCAAAAAGCTTCTACAAA
TCAGCAAATCCTACATTAATGATAAA
%TGACCAACAAAGTCTCTAT
GAAGTTCAAGCCGGAAATAGCA
ACTAGTAGAGCCGGGAGAC

TGTCAGACACCCAAGGGT
AAAATGTCCAAAATATGTA

GGACATTTGGACTTACAAT
ATTCAAATGTGAAGAACTTA
AAACGGCTGCTTTGAATTTTAC

AA K 5 : A "‘CAAGGATTTACCAGATTTTG
GCGATCTATTCAACTGTCG' ; GGTACTGGTALG CCTGGGGGCAATCAGTTTCTGGATG
TGCTCTAATGGGTCTCTAC! 1 d .

NA gene 1411

ATGAATCCAAA AATGGCTAACTTAATA
TTACAAATTGGAA? v v GGAT TCGGAATCAAAATCAGATT
A 2 \FTCAGACATATGTTAACATC

CCTGTTAGTGGATGE TATATACA' . . 'AAGAATC TCCAAGGGGGATGTGTTT
GTCATAAGGGAACC TCATATCATGCTCCCCCTTGGAATGCAGAACC TTCTTGACTCAAGGGGCC
TTGCTAAATGACAAAC TCCAATGGAACCATTAAA ACAGGAGCCCATATCGAACCCTAATGAGCTGT
CCTATTGGEGAAGTTC CATACAACTCAAGA GAGTCAGTCGCTTGGTCAGCAAGTGCTTGT

AGCAACACCAACTT ¢ > EEEGGCAATTCCTCTCTCTGC

CATGA GCTGTGTTAAAG
GACACTA CAAGAGTCTGAA
TGTGCA TTCCTGCT GTAA T CCGATG CAA GGACAGGCCTCATAC

TACAA
AAGATCTTICAGAATAGAAAAGGGAAAGAT GTCAAATCAGTCGAAATGAATGCCCCTAATTATCACTAT
GAGGAATGCTCCTGTTATCCTGATTCTAGTGARATCACATGTEBGTGCAGGGATAACTGECATGGCTCG

RN TRV E A

CGGTTTTGAGATGATTTGGGATCCGAACGGATGGACTGGGACAGACAATAACTTCTCAATAAAGCAA
GATATCGTAGGAATAAATGAGTGGTCAGGATATAGCGGGAGTTTTGTTCAGCATCCAGAACTAACAGGG
CTGGATTGTATAAGACCTTGCTTCTGGGTTGAACTAATCAGAGGGCGACCCAAAGAGAACACAATCTGG
ACTAGCGGGAGCAGCATATCCTTTTGTGGTGTAAACAGTGACACTGTGGGTTGGTCTTGGCCAGACGGT
GCTGAGTTGCCATTTACCATTGACAAGTAAT
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A/swine/Thailand/CU-RA9/2009(H1N1)

HA gene 1702 nucleotides; GenBank: CY062324

ATGAAGGCAATACTAGTAGTTCTGCTATATACATTTGCAACCGCAAATGCAGACACATTATGTATAGGT
TATCATGCGAACAATTCAACAGACACTGTAGACACAGTACTAGAAAAGAATGTAACAGTAACACACTCT

\GAGTGTGAATCACTCTCCACAGCAAGCTCA
TGTTACCCAGGAGATTTCATCGATTAT
STTTGAGATATTCCCCAAGACAAGT

TCATGGCCCAATCATGACTCGA]

TACAAAAATTTAATATGGCTAG
GATAAAGGGAAAGAAGT

TCATGCTGGAGCAAAAAGCTTC
GCTCAGCAAATCCTACATTAAT
ACTAGTGCTGACCAACAAAGT

CTCTATCAGAATGCAGARGEATAT LT GCAAGAAGTTCAAGCCGGAA
ATAGCAATAAGACCCAAAGT GATCAAG 5 CTATTACTGGACACTAGTAGAGCCG
GGAGACAAAATAACATELEEAAGGRA T GG TATGCATTCGCAATGGAAAGA
GATGCTGGATCTGGTATTALEAT LT CA( \GT % ITACAACTTGTCAGACACCC
AAGGGTGCTATAAACACEAGC ‘ ‘.,” B¢ ACAATTGGAAAATGTCCAAAA
TATGTAAAAAGCACARAAT TEAGAC TCAC " TCTATTCAATCTAGAGGC
CTATTTGGGGCCATTGCCEET THC AT T ga GTAGATGGATGGTACGGTTAT
CACCATCAAAATGAGCAEBGGG SGATATEC CGAuC ACAGAATGCCATTGACGAG
ATTACTAACAAAGTARATT@TGTIA T CARAAG GCAGTAGGTAAAGAGTTC
AACCACCTGGAAAARAAGAATAC TITA&AT““‘;“‘TGATG GGTTTCCTGGACATTTGGACT
TACAATGCCGAACTGTTHEGCT HETA GGAAAA-c‘AAGAAtaT SGACTACCACGATTCAAATGTGAAG
AACTTATATGAAAAGEPAAGAAGECAGT TAAAANACAATGCCAAGK TGGAAACGGCTGCTTTGAA
TTTTACCACAAATGCGATAACACETGCALGGAAAGTEICAAAAATGEGACTTATGACTACCCAAAATAC
TCAGAGGAAGCAAAATTAAACH AGKAGAAATA STAAAGCTGGAATCAACAAGGATTTACCAG
ATTTTGGCGATCTATTGAACT TCGCCAC! »r;ACTGG AGTCTCCCTGGGGGCAATCAGTTTC
TGGATGTGCTCTAATGGGTCECTAC G“ﬂth“TTT‘

NA gene 1397 nucleotides; Ge

ATGAATCCAAACCAAAAGATAamég
TTACAAATTGG CATAATCTCAATATGGA
GARACATGCAAT

GTCATAAGGGAACCATT
TTGCTAAATGACAAA

GGAGACAATCCACGCCCTAATGATAAGA‘AGGCAGTTGTGG

y AGCCCA
CCTATTGGTGAAG CCTCTCCATACAACTCAAGATTTGAGTCAGTC

CGAACCCTAATGAGCTGT
TGGTCAGCAAGTGCTTGT
CATGATGGCATCAATTGGCTAACAATTGGAATTTCTGGCCCAGACAATGGGGCAGTGGCTGTGTTAAAG
TACAACGGCATAATAA QgﬁACTATCAAAAGTTGG“QAAACAATATATTGAGAACACAAGAGTCTGAA

TGTGC CAGGCCTCATAC
AAGAT TG AATTATCACTAT
GAGGAA G T TC TGGCATGGCTCG

AATCGAC TGGGTGTCTTTCAACCAGAATCTGGAATATCAGATAGGATACATATGCAGTGGGATTTTC

SGT L
ﬁTTCTTGACTCAAGGGGCC

GTATCGTCTAATG G AAATGGA

TGGATTGCATAAGACCTTGCTTCTGGGTTGAACTAATCAGAGGGCGACCCAAAGAGAACACAATCTGG
CTAGCGGGAGCAGCATTTCCTTTTGTGGTGTAAACAGTGACACTGTGGGTTGGTCTTGGCCAGACGGT

GCTGAGTGCCATTACCA
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