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Abstract

Swine influenza virus (SIV) cause respiratory disease especially porcine respiratory disease
complex (PRDC) in pigs and has a zoonotic potential. Minimal data in the literature are available regarding
the epidemiology and genetic characteristic of SIV currently circulating in the Thai swine population. This
study was conducted to survey and genetically characterize SIVs in Thailand. Additionally, this study
investigated the zoonotic potential of Thai SIV in the swine-exposed workers comparing to the serum
samples of urban population. The surveillance took place in 4 provinces of Thailand with high density pig
populations between September 2008 to August 2009. Serum samples were collected from pigs of all ages
cross-sectionally during the seasonal change to evaluate the seroprevalence of H1 and H3 SIV using
hemagglutination-inhibition (HI) test. Nasal swabs and lung tissues were collected from both pigs with and
without respiratory signs. Virus isolation was performed and genetically characterized and analyzed with
the SIV isolates reported previously. Serological results of pig sera revealed evidence of pigs being exposed
to H1 and H3 SIV throughout the year. There were no significant differences between the seasons or age of
pigs that were seropositive to H3 SIV. However, pigs seropositive to H1 SIV were found significantly
higher during winter compared to summer season. H1-seropositive sows were significantly highest followed
by growers and weaners. During the surveillance, only SIV subtypes HIN1 and HIN2 were identified from
pigs with clinical signs. Genetic characterization of the HIN1 isolated in early 2009 demonstrated that the
virus contained gene segments with the swine origin mixed with the North American and European lineage.
The studied HIN1 SIVs were similar to the Thai SIVs found in 2005-2006 but was genetically different
from the pandemic influenza A HIN1 2009 emerged in the human population early this year.
Hemagglutinin gene analysis shows genetic drift of the current Thai SIVs from the older Thai SIVs.
Interestingly, the current HIN1 SIVs contained oseltamivir resistant gene while the previous SIVs
circulating in 2005 and 2006 did not. Serum samples from swine-exposed people were also investigated for
the evidence of swine-to-human influenza virus transmission. Serological results showed that people
exposed to swine had at least 24 times higher chance of elevated antibody titer to SIVs than those living in
the urban.

The findings from this study provide significant evidence of SIV status in the studied pig
population and may be useful for prevention and control respiratory diseases caused by SIVs. Moreover,

the results from this study indicated that Thai swine workers and/or people living in the swine farms had
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higher risk of SIV infection. It is important to continue this type of surveillance since SIV continuously
mutates and may contain oseltamivir resistant gene posing the potential risk to the human population.
Moreover pathogenesis study of the novel HIN2 derived from genetic reassortant between the local HIN1
and H3N2 is needed to determine the virulence and zoonotic potential. Data gained from this study will help

identify efficient SIV prevention and control measurements both in the pig and human population.

Keywords: Swine influenza virus, Thai pigs, genetic characterization, genetic mutation, zoonosis
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wﬁmmzuﬂﬂami‘ﬁtﬁwﬁ'mﬁuqmﬁmﬂﬁuﬂmﬁyﬂaqm #18m151/52gnA 35 HI 910 CDC
protocol (CDC. Laboratory Diagnostic Procedures for Influenza 2005.

http://www.cdc.gov/flu/professionals/labdiagnosis.htm.)
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Primer sequence (5° — 3°) Gene Amplicon length (bp) Reference
Matrix gene RT-PCR
MF TCAGGCTAGGCAGATGGTG Matrix 662-680 Chulalongkorn Veterinary Diagnostic
MR AACCGTATTTAAGGCGACGAT 884-904 laboratory (CU-VDL)
SIV Subtype Multiplex RT-PCR
HIF GGG ACA TGT TAC CCA GGA GAT H1 345-365 (Choi et al., 2002)
HIR GCA TTG TAT GTC CAA ATA TCC A 1351-1330
H3F TAT GCC TGG TTT TCG CTC AA H3 61-80
H3R TTC GGG ATT ACA GTT TGT TG 724-705
NI1F GGT TCC AAA GGA GACATT TTIT G N1 324-346
NIR CTA TCC AAA CAC CAT TGC CAT A 1078-1057
N2F TGC GAT CCT GAC AAG TGTTAT C N2 364-385
N2R CAG ACA CAT CTG ACA CCAGGAT 866-845
SIV Sequencing Primers
SZAPBl AGCAAAAGCAGGCAAACCAT PBI 3’ end (Zou, 1997)
SZAPB1 AGTAGAAACAAGGCATTTTTTCAT 5’ end
SZAPB2 CTCGAGCAAAAGCAGGTCAA PB2 3’ end
SZAPB2 AGTAGAAACAAGGTCGTTTTTAAAC 5’ end
SZAPA CTCGAGCAAAAGCAGGTACTGAT PA 3’ end
SZAPA AGTAGAAACAAGGTACTTTTTTGGAC 5’ end
HI-1.1F  AAGCAAAAGCAGGGAAAATAA H1
H1-1770R CAAGGGTGTTTTTTCTCATGTCTC (Dr. Christopher Olsen
H3-7F  ACTATCATTGCTTTGAGC H3 personal communication)
H3-1770R TCAAATGCAAATGTTG
SZANP1 CTCGAGAGCAAAAGCAGGGT NP 3’ end (Zou, 1997)
SZANP2 AGTAGAAACAAGGGTATTTTTC 5’ end
SZANA1 AGCAAAAGCAGGAGTTTAAAATG NA 3’ end
SZANA2 AGTAGAAACAAGGAGTTTTTT 5’ end
SZAM1 CTCGAGCAAAAGCAGGTAGAT M 3’ end
SZAM2 AGTAGAAACAAGGTAGTTTTTT SZANSI 5’ end
AGCAAAAGCAGGGTGACAAA NS 3’ end
SZANS2 AGTAGAAACAAGGGTGTTTTTT 5’ end
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MNN 3 NTOULUIAA (conceptual framework) V99 1ATINITIVY

Swine influenza virus (SIV) surveillance

y
1
1. Select and contact farm
1
2. Swine sample collection == Normal surveillance (collect samples without the presence of SIV-associated disease)
- Nasal swabs and sera Active surveillance (collect samples when SlIV-associated symptoms are observed)
| |
Virus isolation & Subtyping
- Hl test with SIV antigen
|
SIV genome sequencing
- Phylogenetic analysis and genetic reassortment evaluation
Data analysis
Output: Prevalence of SIV infection & genetic characterization of currently circulating Sl viruses and/or other
J' influenza A viruses in swine
3. Human sample collection = Serological analysis (HI test with virus in farm)
- History of swine exposure and sera - Human (swine handlers, vets, farm manager, etc.)

4

Data analysis

Output: Study the presence and impact of swine to human SIV transmission

Overall output: 1. Characterize the current epidemiological status of SIV and/or other influenza A infection in swine dense area

2. Evaluate the extent of swine to human SIV transmission in swine production systems
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a o @ A dy Y o ] J
AN 2 uammmumamwmmmzNamﬁ@mﬁ]mwa"lsumﬂﬁlmgqmmﬂvhiuqmu&m

AUTINIA
foeg
. Nasal swabs Lung tissue
IIHIN
Numbers swab RT.pCRTT Virus Numbers RT.pCRH Virus
poolsT + pools isolated + tissues | isolated

31%15 210 42 0 0 0 0 0
uasilyu 210 42 0 0 0 0 0
¥a13 80 16 0 0 4 1 1
RLUTANT 213 43 2 0 10° 74 3

32U 693 143 2 0 14 8 4

Y ] o @ ' J @ IS @ '
pool AI0813 Nasal swabs 3T1UIU 5 AIDYII (il”lﬂ?!ﬂiﬂfjﬁﬂ”lf;tﬁﬂ?ﬂﬂ) 52T 1 @10619
" i - £ vy o ' Y an .
37911 matrix gene #1U conserved gene Yo u¥e 14 ﬁﬂiﬁﬂJQﬂSﬂjﬂﬁﬁ reverse transcriptase —
polymerase chain reaction (RT-PCR)
; subtype HIN1
) samples are subtype HIN2 and 5 samples are H1 with unidentified NA
* 2 isolates of HIN2 and 1 isolate of H1 with unidentified NA
(Y] Jd Y q' = A K K [ [ di‘ [ Y o 1 ~ d' a a
'Jﬂfa!‘ljigﬁﬁﬂ‘ll@‘ﬂ 2 ﬂﬂi&l”llﬁf\‘lﬂﬂﬂ\ﬁgﬂ‘].l'WLl‘]j‘ﬂiillell@QL‘B@Vl’JiﬁlIGIJW’JﬂGLWﬂJ?IﬂSTIWU wedszumsing
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~ . dy o Ay Y usll 9 o o =2 o a K
ﬂaNﬂﬂ.ﬁ. 2009 Tﬂﬂ isolate summm"hﬁﬁm"lﬂuu ulﬂgjﬂunﬂﬂ”lﬂ”liﬁﬂll”IW‘L!"QﬂiiiJWQﬂﬂﬁ@\i subtype
[ | o . o § 09: ! o Y 4
ﬁ}’JEJ U ﬁ’f] HINI1 ttag H3N2 Wusmuau 3 1Y 2 isolates MUAAU Iﬂﬂl%ﬂ‘ﬂﬂWNﬂﬁQﬂU”IEJ”Iﬂ@ﬂSWﬁLWd@
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ﬁﬂH”IEN‘WLlﬁ‘ﬂiilllflf\‘lﬂﬂlﬂul‘]f@‘m,w”I?.ﬁLlﬂﬂllﬂil”IﬂV\hﬂJE‘Iﬂi‘luﬂﬂ‘ﬁ?ﬂm&’f]ﬂuﬂ@ W”Iill‘lulellﬁil\iﬁjﬂ%ﬂ‘]_qli
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WMUU TﬂEJG]’J’E)EJNll'JiﬁTNWllﬂ"lg])QﬂLW1$L!fJﬂinﬂEIﬂiﬁfﬂuﬂJ PINDY 4-8 dianvi ﬂ\ulﬁﬂﬂ‘lu@TiNﬁ 3
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AIUVUINVBINOURUFNTTUVOUTOUADE isolate T IAIMIneasHagninauelua1s1eh 4
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Virus name (subtype); common name Date of Sample Primary Age of pigs isolated on
isolation propagated host the farm (Province)
A/sw/Thailand/HF6/05(HIN1); HIN1(05) August 2005 NS* CEE** 6 weeks (Chonburi)
A/sw/Thailand/S1/05(H3N2); H3N2(05) August 2005 NS CEE 4-8 weeks (Chonburi)
A/sw/Thailand/CU-CB1/06(HIN1); HIN1(06) September 2006 Lung MDCK **3* Early growing (Chonburi)
A/sw/Thailand/CU-CB8.4/07(H3N2); H3N2(07)  September 2007 NS MDCK 8 weeks (Chonburi)
A/sw/Thailand/CU-CB918/09(HIN1); HIN1(09) January 2009 Lung CEE 6 weeks (Chonburi)

* NS = Nasal swabs
** CEE = Chicken embryonated eggs

*#* MDCK = Madin-Darby Canine Kidney cell line

d' ' o c?/‘ tial’ Y o [} Ay Yo Y
M1319N 4 LLﬂﬂQﬂJHWﬂﬂl@\Tﬂﬂuwuﬁﬂﬁﬁhﬂﬂllﬂﬂﬂlﬂﬂl“ﬁ@ulsllﬁﬂﬂﬁl‘ﬂiUuﬁj.'ﬂiﬂllﬂﬂWﬂ1iﬂ@ﬂiﬁﬁ1u

e 2
Tn59M152994 1

Gene HIN1 H3N2

(length; HIN1 HIN1 HIN1 H3N2 H3N2
base pair) 05)" 06)" 09) " 05)" 07’
PB2 (2341) 2247 2249 2200 2244 2296
PB1 (2341) 2258 2247 2200 1334 2273
PA (2233) 2132 2134 2165 2177 2168
HA (1778) 1732 1636 1694 1778" 706
NP (1565) 1489 1482 1530 1508 1565
NA (1413) 1409" 1414 1378 1413 1410
M (1027) 989 994 987 1027 1027
NS (890) 846 835 843 841 864
f o o

A1890g 115247119715 submit sequence 191 Genbank

r (Sreta et al., 2009)
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Y
Hams a3 zviie 19y ia Tnajgnsyia HINI

Y
o [ A

Y
Yoyasianugnisuvoude ldvialuaigns HIN1(05), HIN1(06) taz HIN1(09) 919 3 @10819
~ Y @ Y ~ ~ o w 9 o = = v 9
Mmzuen Idandeandazays luila.a. 2005, 2006 uaz 2009 a1y TagniwnlSeuieunudoya
k4
v W o 1 a a o
sianugnisnveude l4nialuajgnswia HINI 910§ 1uU0ya GenBank A2eAoun A0S 115unTu
Bioedit 118 MegAlign (DNASTAR, Madison, WI) tH0@AMMMIOUNTOUANA19Y0ITHAWUFNTT 1A
1 v Y
organiinnudiyveuFouazAnyI1sZUIAINODIAURUTAYDINOUNUENTTN (genetic lineage)
1 = d! a a’d’ 9 1 1 @ c?/‘ 1 dy
lunnoudu (8 gene segments) FINANMTUATIZHN IANUI NoUNUFNT TV AViDUVO IO
[ A v . . A v KX v A dy z A
HIN1(05) HIN1(06) 18 HIN1(09) 84A9aNHAIZUDY genetic lineage NAAIIAAINUAD 1FONIAINTNOU
ﬁuﬁﬂﬁu hemagglutinin (HA) 48 nonstructural (NS) ?Juﬁﬁg])uﬁ”llﬁﬂll”lmﬂfmi (Classical swine
. &L g o A v o A X vy o 1 a = a A
lineage) Fuiluanvazmieununuinylude ldnialnagnsatia HINT Tunddewsnunile Tuvae
A o A A A ' 4 yy 1 . .
AnouugnssuMaednnnnou ¥ 1Aun polybasic 1 1ag 2 (PBI 1az PB2) polyacid (PA)

o A o . . .
nucleoprotein (NP) neuraminidase (NA) (tagmatrix (M) HAusuiiaa 19NWUTUIIN Eurasian swine lineage
LAY o a . . . . 9 =2 o di’ Y o 1 a ~
FallAututiau191nun (Avian-like swine lineage) ttazaaondanui¥e 14 ialnajgniviia HINT Ainy

= [ ~ B [ Y dyd' dy 4 4 A
TunilyT51 danaasluaisied 5, 6 uag 7 Faa1519de 1AuadFoveude tazlosisuannumilouvos
v o . ' o A o = ~ ' Y T A= Y
FHAWUENT5U (nucleotide homology) YeeniouugnssuMi lUnlSeuieusenindedieimnuny

Y
A .. .
1¥® reference swine influenza viruses GL‘L! GenBank

M1319% 5 Sequence homology YBIUANLNOUNUFNTTUVDUED A/sw/Thailand/HF6/05 (HIN1);

HIN1(05) ol euNeuNY reference swine influenza virus 114 GenBank

Gene| Nt* positions of Virus with the highest degree of Nt identity| Influenza virus
HI1IN1(05) compared | Homology (%) lineage
PB2 20-2280 A/sw/Chonburi/NIAH977/2004(HIN1) 99 Eurasian (Avian-like)
PBI 1-2274 A/sw/Chonburi/NIAH9469/2004(HIN1) 99 Eurasian (Avian-like)
PA 1-2251 A/sw/Chonburi/NIAH977/2004(HIN1) 99 Eurasian (Avian-like)
HA 1-1707 A/sw/Chonburi/05CB1/2005(HIN1) 100 Classical swine
NP 1-1443 A/sw/Chonburi/NIAH977/2004(HIN1) 95 Eurasian (Avian-like)
NA 12-1718 A/sw/Chonburi/05CB1/2005(HIN1) 100 Eurasian (Avian-like)
M 29-996 A/sw/Chonburi/NIAH9469/2004(HIN1) 99 Eurasian (Avian-like)
NS 28-845 A/sw/Chonburi/NIAH9469/2004(HIN1) 99 Classical swine

* Nucleotide



M15137 6 Sequence homology YDILAATNOUNUFNTIHVOIUYFD A/sw/Thailand/CU-CB1/06 (HIN1);

tﬁ' | = v . . .
HIN1(06) U 01)38UINBUND reference swine influenza virus 114 GenBank

Gene |Nt* positions of Virus with the highest degree of Nt identity| Influenza virus lineage
HIN1(06) compared | Homology (%)

PB2 14-2268 A/sw/Chonburi/NIAH977/2004(HIN1) 98 Eurasian (Avian-like)
PB1 25-2271 A/sw/Chonburi/NIAH9469/2004(HIN1) 99 Eurasian (Avian-like)
PA 25-2151 A/sw/Chonburi/NIAH977/2004(HIN1) 99 Eurasian (Avian-like)
HA 65-1700 A/sw/Chonburi/05CB1/2005(HIN1) 99 Classical swine

NP 1-1482 A/sw/Chonburi/NIAH977/2004(HIN1) 99 Eurasian (Avian-like)
NA 29-1410 A/sw/Chonburi/06CB2/2006(HIN1) 99 Eurasian (Avian-like)
M 27-994 A/sw/Chonburi/NIAH9469/2004(HIN1) 99 Eurasian (Avian-like)
NS 30-835 A/sw/Chonburi/NIAH9469/2004(HIN1) 98 Classical swine

* Nucleotide

M15137 7 Sequence homology YDILANLNOUNUFNTTHYDIUTD A/sw/Thailand/CU-CBI18/09

(HIN1); HIN1(09) ienfSeuMeuny reference swine influenza virus 114 GenBank

Gene| Nt* positions of Virus with the highest degree of Nt identity | Influenza virus lineage
HIN1(09) compared | Homology (%)

PB2 24-2261 A/sw/Ratchaburi/NIAH1481/2000(HIN1) 95 Eurasian (Avian-like)
PBI1 20-2274 A/sw/Udon Thani/NIAH464/2004(H3N2) 97 Eurasian (Avian-like)
PA 1-2151 A/sw/Chonburi/NIAH977/2004(HIN1) 98 Eurasian (Avian-like)
HA 13-1694 A/sw/Ratchaburi/NIAH1481/2000(HIN1) 96 Classical swine

NP 2-1530 A/sw/ltaly/839/1989(HIN1) 95 Eurasian (Avian-like)
NA 22-1431 A/sw/Ratchaburi/NIAH550/2003(HIN1 97 Eurasian (Avian-like)
M 26-993 A/Thailand/271/2005(HIN1) 97 Eurasian (Avian-like)
NS 1-838 A/sw/Chonburi/NIAH977/2004(HIN1) 98 Classical swine

* Nucleotide
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A_Japan_1070_2009(H1N1)
A_New York_3898_2009(H1N1)
A_Nonthaburi_102_2009(H1N1)
A_Wisconsin_12_2009(H1N1)

A_Mexico_4604_2009(H1N1)
1 11 A_ltaly_127_2009(H1N1)
s N CA-04-HA
R_swine_OH_5112445_2007(HTNT)

A_swine_Ohio_75004_2004(H1N1)
A_SW_MN_16419_01(H1N2)
A_Swine_Ohio_891_01(H1N2)
A_SW_MN_23124-T_01(H1N2)
A_Swine_lllinois_100085A_01 (H1N2)
A_Swine_Indiana_P12439_00 (H1N2)

A swine_lowa 00239 2004(H1N1)
| |——A_Iowa_CEI023_2005{_H1N1)

L A_Swine_lowa_930_01(H1N2)
A_Swine_Minnesota_55551_00 (H1N2)
A_swine_North Carolina_36883_2002(H1

A_Swine_North Carolina_88225_01(H1N2

A_swine_Guangdong_2_2001(H1N1)
A_swine_Hong Kong_273_1994(H1N1)
A_Swine_Wisconsin_457_98(H1N1)
A swine lowa 17872 41QRQUHINIAY
~ 3HA_0918_2009(H1N1)
A_swine_Ontario_ 111 1Z_U4{HTNT)
A_swine_Ontario_57561_03(H1N1)

A_swine_Wisconsin_1_1968(H1N1)
A-swine-lowa-1973(H1N1)
A_swine_Hong Kong_1_1974(H1N1)

A, swine, Hokkaido, 2 1981 (H1N1)
A _swine Chonburi 06CB2 2006(H1N1)
1HA_HF6_2005(H1N1)
2HA_06CB1_2006(H1N1)
A_swine_unonouri_NIARY/ 7/_2004(H1N1)
A_swine_Chonburi_NIAHS469_2004(H1N1)
= A_Thailand_271_2005(H1N1) \
A_swine_Chonburi_NIAH589_2005(H1N1)

2009 A (H1N1)

—1 A_swine_Chachoengsao_NIAH587_2005(H1N1) )/-/ o \-'\ :
Az swine - Belgium = 1= 83(HANT) [ rBt '-\I
A_swine_France_4510_1986(H1N1) @ W 1
A_swine_Netherlands_12_85(H1N1) e /,J
A_swine_Belgium_1_1998(H1N1) "\ffh_ e,
A_swine_Cotes d'Armor_1455_1999(H1N1 N
A_swine_England_WVL7_1992(H1N1) . .
L {— A_goose_Hong Kong_8_1976(H1N1) Eurasian swine
A_duck_Australia_749 80(H1N1)) i i
A_mallard_Alberta_35_1976(H1N1) (AV ian-lik e)
— A_swine_lowa_15_1930(H1N1)

L— A swine_lowa_1945(HIN1)
A_swine_Ohio_K1207_2006(H1N1)
A_Texas_UR06-0420_2007(H1N1)
A New York 399 2003(H1N1)
A_swine_IL_00685_2005(H1N1) SwWH1dé (H um an) ;
L* A_swine_NC_005/3_2005(H1N1)
A Thailand_CU32_2008(H1N1))
A_swine_Ontario_48235_04(H1N2)
A_swine_Ontario_52156_03(H1N2)
A_swine_IL_07003243 2007(H1N2)
A_Thailand_CU88_2006(H1N1)
A_Qingdao_28_1991(H1N1))
A_sw_Obihiro_5_1992(H1N1)
A_Netherland_813_1991(H1N1)
A_swine_Henan_01_2006(H1N1)
A_USSR_90_1977(H1N1)
T T T T T 1

25 20 15 10 5 0
Nucleotide Substitutions (x100)

huH1N1
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MW 4 Phylogenetic tree ¥4 H1 Bu naasdiiannmsves hianuduiuilameiug Tasdsunuana

a

Y o A

o ' o Jaa . . A v oy A Y = .
ANUTUMIZAD BN UFANAUAUTANINGNT (Classical swine) MIgINNTAInNd1gns TunIlgls (Avian

. o s o A A o A & yy o ' o S '
(Eurasian)) 1z #1290 1nuyud (Human) ¥alufmdeuduasne o ldvia lvajanenug i HINT 2009 Tu

=

au higludmasudulszdneie ldnialuggnitwzuenludlszmalneszninedl 2000-2005 Thialu
d‘ d‘ s A Y o [} d’ﬁ ao
fivdoudnesio ldnialuagnsnAnelulasinsidea Tag HFS 2005(HINT) = HIN1(05), 06CB1_2006

(HIN1) =HIN1(06) ttaz 0918 2009(HIN1) = HIN1(09) MNAALLAINI91N Vincent tazAy (2008)



v 2 v Y
MW 5 HAAIANUUANANVDITHANUFNTTUVDINOUNUENTTN HA Taeiod1aud 1-3 Ao 150

HIN1(05), HIN1(06) ttag HIN1(09) 9188191

[ Consensus
27 Sequences

GDVFVIRE?FISCSHLECBTFPLTQ

O6CBl WA _Z006 (HIN1

0918 NA edited

reversed and edi

HF6_NA_ 2005 [HIN1)
2A_swine Chonburi NIAH589 2005 (H1N1)
A_swine_Chonburi_ NIAHS77_2004 (H1N1)

A _swine_ Chonburi NIAH9469 2004 (HIN1)

A_swine Henan 01 2006 (H1N1)

A_swine_Korea CASO8_2005(H1N1)
A swine Ratcheburi NIAHS550 2003 (H1N1)
A_swine Ratcheburi NIAH1481 2000 (H1N1

A_swine_Thailand HF6_Z003(HINL}

A swine Tianjin 01 2004 (HIN1})
2_swine_Zhejiang_1 2007 (H1N1)

2_Thailand_39_2008 (H1N1)
2 Theiland 104 2000 (H1N1)
A_Thailand_271_2005 (H1N1})
2_Thailand cU41 2006 (HLN1)
A_Thailand_cuS3_2006 (H1N1)
A_Thailand CU67_2006 (H1N1
2_Thailand cUBB_2006 (H1N1)

CA-04-Na

ferrscomcRTEELTG |
RIPF ISCSHLECRTFFLTQ
RAPF ISCSNFECRNFFLTQ
RIPF ISCSHLECRTEFLTQ
RIEPF ISCSHLECRTFFLTO
RIMPF ISCSHLECRTFFLTQ
RIZPF ISCSQLECRTFPLTO
RIEPF ISCSHLECRTFFLTQ
REPF ISCSQLECRTEFLTO
RIZPF ISCSHLECRTFFLTQ
RIAPF ISCSHLECRTFFLTQ
REPF IS CSHLECRTFFLTQ
RIEPF ISCSHLECRTFFLTK
RIAPF ISCSPLECRTFFLTQ
REPF ISCIHLECRTFPLTQ
RIPF ISCSHLECRTFFLTO
RUPF ISCSHLECRTFFLTQ
RIZPF IS CSHLECRTFFLTQ
REPF ISCSHLECRTFFLTQ
R#PF ISCSPLECRTEFLTQ

— | 1 I - . - - A - - O I I O O -2 R - |
1. swTharHFGA05(H1NT)
2 swTha-CB1/05(H1NT) 0.001
3. swTha-CBIBA09HIN] 0159 0160
4. A/CalformialIHINT] 0176 0178 0154
5. AdMexical3HIN] 0177 0179 0155 0.003
&, A/Monthaburi03H1M] 0179 0181 0157 0004 0000
7. 4/Thailand05 0024 0024 0159 0471 0472 0173
8. swChachoergsac0SH1N) 0.043 0043 0154 0181 0182 0184 0045
9. swChonburiDH1N1] NIAHS77 0024 0024 0159 0171 0172 0173 0000 0046
10, swChanburiD4H1M1] 0005 0006 0159 0178 0479 0181 0021 003 004
11. swChanburilSH1M1] 0043 0043 0153 0180 0181 0183 0045 000 0045 0037
12 swChanburilGHTM1] 0005 0006 0162 0180 0181 0183 0029 0048 0029 0011 0.048
13, swhatchaburil3HIN1] 0143 0145 0117 0142 0441 0142 0145 0143 0145 0143 0148 0148
14, swhatchaburilOHIN1] 0146 0148 0037 013 0132 0134 0145 0144 0145 0148 0143 0149 0039
15, &/Thailand05 CU41HINT] 0328 0328 0354 0371 0373 0373 033 032 0333 0333 033 0332 0322 03

= = as. o ' T S & <
M 6 naaamsilasunilasvesnsaozi Tuduruan 119 (NIDUANAINTIN) VDAUYD HIN1(09) H3

1281910 Glutamine (BE) rﬂu Lysine (K) a1 11Aoen Oseltamivir
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AMNA_DECB1_2006 (H1N1)
MA-A_swina_Chanhuri 06CB2_2006(HAM1)
21A-HFE_2005(H1M1)
NA-A_swine_Chonburi_MNIAHOT7_2004(H1M1)
NA-A_Thailand_271_2005(H1N1)

MNA-A_swine_Chachoengsao_MNIAHEE7_2005(H1
MNA-A_swine_Chonhuri MIAH589_2005(H1N1)
3MA 0918 2009(H1N1)

MA-A_swine_Ratchaburi_MIAHS50_2003(H1MN1

NA-A_swine_Ratchaburi_NIAH1481_2000(H1N . .
NA_A_swine_Spain_50047_2003(H1N1) Eurasian swine
NA_A_swine_England_195852_1992(H1N1) . .
NA_A pawrirre—itemty—iot S35t (AV|an-I|ke)

 CA-04-2009
_A_Mexico_InDRE4487_2009 (H1M1)
4-A_Monthaburi_102_2009(H1MN1)
MNA_A_s ] T 1 Sl
MA_A_swine_Finistere_3616_1984(H1M1)

MA_A_pintail duck_Alberta_210_2002(H1M1
MA_A_mallard_Alberta_211_98(H1N1)
MA-A_mallard_Alberta_35_1976(H1M1T)
MNA_A_Duck_Ohio_175_86 (H1N1)

MA_A_Hanoi_ISBM27_2005(H1M1)
MA_A_Kentucky_UR0G-0538_2007(H1N1)
MA_A_Thailand_CU32_2006(H1MN1)
Human #

NA_A_Thailand_CUS8_2006(H1N1)
NA_A_Hong Kong_364_1997(H1N1)
NA_A_Pusan_47_2002(H1N1)

MA_A_swine_Henan_01_2008{H1M1)
NA_A_swine_Tianjin_01_04(H1N1)
1 — MNA_A_Yamagata_120_1986(H1N1)

MNA_A_USSR_80_1977(H1N1)

MNA_A_Brevig Mission_1_1918 (H1N1)
MA_A_swine_lowa_31483_1988(H1N1) )
|j E MNA_A_swine_Maryland_23239_1991(H1N1) '}/ﬁv

MA_A_swine_Wisconsin_238_97(H1M1)
MNA_A_swine_Alberta_56626_03(H1MN1)
MNA_A_swine_Arizona_148_1977(H1N1)
AFNA_A_swine_Minne sota_24_1975(H1N1)
MA_A_swine_Tennessee_3_1976(HIN1)

191

T
18 16 14 12 10 8 6 4 2 0
Mucleotide Substitutions (x100)

MW 7 Phylogenetic tree Y94 N1 81 taasdiannmisves hiasudusuiiaaioius Tnodvuyudns

o 1 o IANY o A . . A A T dy Y o ]
ANUS UMz BN UENNAURUTAINGNT (Classical swine) AiFgI9ndAItniinylude 1dnialng
an3lunlg 51 (Avian (Eurasian)) tag @99 nuyud (Human) ngulhfalummaenduasdio e lae
T dalnajaeiug lua HINT 2009 Tuau Smdoudnewaauye l9vialuajgnindnuily
Tn34n152984 1 Iae HFS_2005(HIN1) = HIN1(05), 06CB1_2006(HIN1) = HIN1(06) t1ag

0918 2009(HIN1) = HIN1(09)
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o ] g o ] { < o A
Ao U 1w HINT 2009 tazi¥e 194 3alnaj A/Thailand/271/2005 (HINT) Awuluaunidusuiadie
v 7 ' a . . . ] < A = = A 43’
WUTY0oU NA BUN19IN Avian (Eurasian swine) 08 linamilon)Seuiisuanumilouveuio
Y o v g [ di‘ Y o ' [ ' 1A A
4w da lvgjgnsnsauiude ldvialvnajarewus Iva HINT 2009 9z nundities 73.9-86.4% homology
A & = A v MY o ' =
luvmgfie HIN1(05) Hanumiouny ldvialva) A/Thailand/271/2005 (HINT) 09 92.7%
4 Y 4 v
MioU viral polymerases BUNIEWNOU (PA, PB1 tag PB2) vou¥e 9w ia lvajansnsamnanyn
= =} o o J dy Y A v dy
UANUMUDUVDITHANUTNTIUNINND 93.5% IAeido HIN1(05) 32 1naIRed (98% homology) M0
' A Ay 39 = A 2 2 1A
HIN1(06) 110171 HIN1(09) iiiofnuuwugian1dves PA, PB1 uag PB2 Buveudonsaiy aziiuiil
o A 1 o [~ . . o I 4 o [}
Aututiavoounugnssudu avian (Eurasian) Aodiewugnnulude ldvialnagnslunidglsy
= 1 A @ a dy 9 a o J 1 A 2 A @
vazemed U Mg NNoURUFNTTNNINAMIAAFNINFUATAINAUNGYNT (MWA 8-10) FUNUDUN
. { . {a <] 1 1 [ 4 @
viral polymerases U941%8 A/Thailand/271/2005 (HIN1) fiaaluanselne wauanaradusuie 19y ia
1 % o 1 ~ o w [l 4 dy
Inayenewus vy HINIT 2009 1asszinalvalulsesnsuywd o vzl
WoANHIANUIHATDUUDINDUWUFNT T nucleoprotein (NP), matrix (M) 182 nonstructural
Y F4
protein (NS) 5z1319¥0 [nialnajgnsisain sgwuniianuadiendanuuinnii 91.6% Iagniou NP,
4 4 v 1w o w ] v o '
M uag NS Hinjosiwud homology 0819TDEWINNY 91.6, 97.2 1A 95.3 MUSWL LAZIFURSITUN LN OU
@ dﬁ d' ] 1 = di‘ =1 @ [y d' Y [ dy
WUFNTINOUY NEIU MO NP, M 1ag NS 8uv0ure HINI(05) UsHanugnisunaa1enuiise
& 4, a e 2 F - |
HIN1(06) 110N 1¥® HIN1(09) WovimsnfTeumsuniouiugnysuiulaveudeiiaunuie
Y o ] d' Y 1 J A A d'd' di‘ z =
ldvialugignsimamnzuen 1a ludlszms Insvznuviou M dulinnuasniige Taeonanuaazdl
9 =R o o [y 1 dy d' a g = dy Y o
AMNAAIBAAINUVDITHANUFNTTUNINNTT 93.4 % UBNIINHILDAATIZHNOU M FuvpuTe 141 ia
L A oy - 4 4 a4 4 42
T¥ g NI NIAWILNLNNINUAADADY) Amantadine B9 ININIAsunaINnIARL I TUN 31 F91i9%
= dy ~ d‘ Y o a @ 4 1 = dy qu’ 1
24M3ABE (MMN 11) tipgAuRuiaa e UTY0IYOU NP, M 1ag NS BUUDUF0NIa1UIZNLI NP

J

3| . . A 1< . . & 1 [ dy Y o ] @
waz M 1y avian (Eurasian) Glummzw NS Wy classical swine GJN!,mﬂ@mﬂuﬂugsva"lmwaﬂiwmawawuﬁ

£l

1113 HINT 2009 NoU M ﬁ‘Ju avian (Eurasian) Ty NP 11ag NS ndJu classical swine
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PA_A_chicken_PA_35154_1991(H1N1)
PA_A_swine_Wisconsin_8_1980(H1N1)
PA_A_swine_Tennessee_1_1975(H1N1)
PA_A_swine_Hokkaido_2_1981(H1N1)

’_L— PA_A_swine_Hong Kong_103_1993(H1N1)
PA_A_swine_lowa_24297_1991(H1N1)

PA &
1Py

| PA_A_mallard_Chio_171_1990(H1N1)
_| E PA_A_pintail duck_ALB_238_1979(H1M1)
PA_A_mallard_Alberta_267_1996(H1MT)
CA-04-PA
A_Mexico_4604_2009(H1NT)
A_Thailand_104_2009(H1M1)

A_Nenthaburi_102_2009 (H1N1)
PA_A_WMexico_InDRE4487_2009 (H1N1)

ol HF6_2005(H1N1)
2Ph_06CB1_2006(H1N1)
4 0918_2009(H1N1)

n FM_ZF 1 )
A_swine_Chachoengsao_NIAH587_2005(H1M1)
A_swine_Chonburi_MIAHE89_2005(H1N1)

PA_A_swine_England_WVL12_1995(H1N1)
PA_A_swine_Spain_WVLG_1991(H1N1)
PA_A_swine_Ratchaburi_NIAH550_2003(H1N1

A_swine_Ratchaburi_NIAH1481_2000(H1N1)
LE PA_A_swine_Belgium_WVL2_1983(H1N1)
PA_A_swine_ltaly_671_1987_H1N1
A_swine_Zhejiang_1_2007(H1M1)

L — PA_A_swine_Shanghai_1_2005(H1M1)
PA_A_swine_Ontario_57561_03(H1N1)

PA_A_swine_Tianjin_01_2004(H1N1)
PA_A_USSR_92_1977_H1N1
A_swine_Henan_01_2006(H1N1)
PA_A WSN_1933 TS61_H1N1

PA_A_Brevig Mission_1_1918 (H1N1}
PA_A_swine_lowa_15_1930(H1N1)

5_1981(H1NT)

TR 2004(H1N1)

-~

Eurasian swine
(Avian-like)

'S

Avian

208

20 15 10 5
Nucleotide Substitutions (x100)

v Y o A

4 XY [ o 4
MW 8 Phylogenetic tree ¥4 PA 81 tia@agdd dannmsved hianudusutdaaoius Tasdvunuans

4

o 1 @ ANY o a . . A A T 491’ Y o ]
ANUIUNIZADTNYNUTNUAUNUUAIINGNT (Classical swine) ﬁHJEJ’JmﬂﬁWJﬂﬂTIW‘]JiuL“]i@nl‘lm’JﬂGlﬁig

1 1 Y
an3lunilg 151 (Avian (Eurasian)) tagdiminindadtln (Avian) nauhialudmasuduasie e lh5a

T dalnajaeiug lua HINT 2009 Tuau Smdoudnewdauye ldvialuajgnindnuly

Tn354n152984 1 Iae HFS_2005(HIN1) = HIN1(05), 06CB1_2006(HIN1) = HIN1(06) t1ag

0918 2009(HIN1) =HIN1(09)
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AP@E1_HFG_2005(H1MN1)
2PE1_DBCB1_2006(HIN1)
A_swine_Chanburi_NI/ _2004(H1N1)

A_Thailaprd=2

3PB||_0918_2009(H1N1)
A_swine_FATCREBON TIARTEST. 2000(H1N1) ﬂ
A_swine_Ratchaburi_NIAH550_2003(H1N1)

A_swine_Chachoengsao_MNIAHS87_2005(H1N1)

A_swine_Chonburi_NIAHE3_2005(H1N1) Eurasian swine
PB1A_swine_Bakum_5_95_H1MN1 . .
A_swine_zhejiang_1_2007(H1N1) (Avian-like)

PB1_A_swine_France_WWL13_1995_H1N1
PB1A_swine_France_WWL3_1984_H1NA1
{F’El1—A_duck_ItaIy_59238_2DD?(H‘1N‘l}-
PB1-A_duck_ltaly_281904_2006(H1M1)
PB1_A_Hong Kong_117_1877_H1N1
PB1_A USSR_92_77_H1N1
= PB1_A_Baylor_11515_1982_H1MN1
PB1_A_Memphis_18_1983_H1N1
PB1_A_Nanchang_15_1996_H1N1 Human
A_swine_Henan_01_20086(H1N1)
—— PB1_A_Denver_1957_H1N1

PE1_A_Brevig Mission_1_1918 (H1N1) f\',
| PBE1_A_swine_lllingis_1_1975_HINA "N
4|;[F'EI1_A_SWine_Tennessee_19_1Q?B_H1N‘1
PE1_A_swine_Minnesota_5692-7_1979_H1N1
PB1_A_quail_IN_38685_1993_HIN1
PB1_A_mallard_Ohio_171_1990_H1NA

PB1-A_northern pintail_Interior Alaska_
PB1_A_pigeon_MN_1407_1981_H1N1
PB1_A_duck_NJ_7717-70_1995_H1N1
i PB1-A_mallard_Alberta_127_1977(H1N1) Avian
RB b St B By 1 S0 (H 1M 1)
A_Mexico_4604_2009(H1N1)
A_Nonthaburi_102_2009 (H1N1)

PB1_A_Mexico_InDRE4487_2009 (H1N1)
CA-04-PBA

18 16 14 12 10 & 6 4 2 0
Mucleotide Substitutions (x100)

v 9Y o A

MW 9 Phylogenetic tree Y94 PB1 81 uaasdiauimsved hianududuiiaaoius Tnodvunyuans
o 1 o IANY o A . . A A T Ay Y o ]

ANNIUNIZADAIENUENIAUAUUAINGNT (Classical swine) T@ernndaitninulude l4vuialug)

anslunilg 51 (Avian (Eurasian)) dm19ndadiln (Avian) wagdnaeninau nauhialudmaeud

uasno 150 Ta5a 14 Talnajenesiug Ind HINI 2009 lunu Amdesudnewaaaie ldnialvggnsi

. IR

Anululasanisddea 1 lag HFS_2005(HINI) = HIN1(05), 06CB1_2006(HIN1) = HIN1(06) 1ag

0918 2009(HINT1) =HIN1(09)
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A_Nonthaburi_102_2009 (H1N1)

A_Thailand_104_2009(H1N1)
LA_M exico_4604_2009(H1N1) h
CA-04-PB2

PB2_A_mallard_Alberta_322_1988(H1N1) Avian

PB2_A_mallard_Ohio_171_1980(H1M1)
PB2_A_duck_Minnesota_1375_1981(H1N1)
PB2_A_mallard_Tennessee_11464 1985(H1N1

PB2_A_swine_Minnesota_24_1975(H1N1)
PB2-A_swine_Kentucky_1_1976(H1INT) .
PB2_A_swine_lowa_100_1977(H1N1 5 )‘*i

PB2_A_swine_Wisconsin_2_1970(H1M1)

PB2 A Ohio_3559_1988(H1N1)
4E— PB2 A swine-California_T9001707_1991(H1

PB2_A_swine_lowa_1_1985(H1N1)
| PRO_A_Rravig Mission_1_1918 (H1N1)

2FB2 0GCE1_2006(H1NA)
A_swine_Chonburi NIAHO77 2004(H1N1) ﬂ
A_Thajlend=a7i= .
3PEE_UQ1B_2UUQ(H1N1} ) )

A_swine_Ratchapur_ DO(HINA) Eurasian swine

A_swine_Chachoengsao_MNIAHBET_2005(H1N1) i _li

PB2_A_swine_Belgium_WVL2_1883(H1N1) (AVIan Ilke)

PB2_A_swine_England_WVL7_1992(H1NT)

A_swine_Zhejiang_1_2007(H1M1)

T T T T T T T 1

14 12 10 8 G 4 2 0
Mucleotide Substitutions (x100)

14.4

MW 10 Phylogenetic tree Y04 PB2 81 naaadianmsves hianududuiiameius Taodvuyudas
o 1 o IANY o A . . A A T dy Y o ]
ANuS UMz AW UFNNAURUTAINGNT (Classical swine) AFgI9ndAItniinylude 1dnialng
an3lunilg 51 (Avian (Eurasian)) tazdiminindadtln (Avian) nguhsaludmasuduasie e lh5a
I da lnajaeus lua HINT 2009 Tuau Smdoudnewdauye ldvialuajgnindnuly
Tn354n132984 1 Iae HFS_2005(HIN1) = HIN1(05), 06CB1_2006(HIN1) = HIN1(06) t1ag

0918 2009(HIN1) =HIN1(09)

-EmT m+ B i e
@COI‘IS&DSUS WECRYSDSSDPLVIAANIIGI
8 Sequences 20 30

1M2 HF6_ 2005 (HiN1)

2 M2 _06CB1_2006 (HIN1)
3 12 09p18 2000 (Z1N1)
M2 CR-04-M

M2 Bravig Mission_1 1918 (HIN1) WGCRCNDSSDPLVIABEIIGI

a = as. o ' oA I S &
M 11 ueasmsilasuudasvesnsaozi Tudwnian 31 (NIDUTHAINAINT) VOUYD HIN1(05),

HIN1(06) tag HIN1(09) #a1)aeu1n Serine (S) 114 Asparagine (N) Haeanasi1 1@ Amantadine
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Y
Hamsunszvide 191 ia luajgnsvida H3N2

@ Y]

Y F4 1
Poyasianugnisuveude l4vialuaigns HIN2(05) Laz H3N2(07) 19 2 29619 Mwizuen

9 o [ ~ = o @ kY o Y o ~

Tanndaniasays luila.a. 2005 uaz 2007 amdray TdgminnneasiaiugnssuuesdTun Taguua
1 Y] { o 4 4 09)1 o 1 [
YosnouRugnssuNasoneasia laauysoiveusoniaeedisiuimg 6 nou 1dun PB2, HA, NP, NA,
2 2
M uag NS U150 H3N2(05) 1ag viral polymerase (PB2, PB1 11ag PA), NA, M 11ag NS ¥841%0
[ Y A a Y o = =} o o 1 A A

H3N2(07) faneras 1 luanseil 4 msdmsizvdoyaiii lasnmsnlseuieusianugnssuveaneutui

Yo A My o ' A Y Y a Iz . X .
lanude ldnialnajgnsous mingudoya GenBank dronounuavs 1151031 Bioedit 1Az MegAlign
(DNASTAR, Madison, WI) W0@ANMMLDUNTOUANANYOITHANUFNT T LAZINOANHINNTZUA
Mededusutiave o URUENTTU (genetic lineage) IMWIzNOUTUNAMNTDTINMsDRATHa ldNN

= [ o a d v 1 £ a =K 9 o a @ 4 dy Y o 1T A A
diganenumsi llmsiziaenan sawamsinngdsdusuiamenuguazide ldvialngriaeni
ﬁﬂuﬁuﬁﬂiiumﬁ@uumﬁ@ﬂ (highest homology compared between gene segments) uaadluasen 8
a9

v A

Y 1
WU NOUWUFNTTUNANOUVOUT HIN2(05) Famizuen Idoingns Tudaniayayy3dad

Y

v 1 4 J 4 1
ANBAUZYDI genetic lineage HANTZUINWYBILAzENTA10Y 151 a0 IFlouNUENT5N HA taz

a

J

A AAY o a v J S 1 A A A A A9y o A o
NA BuniauiniameiugaInuybd diunmasdnanoy (PB2, NP, NS ag M) Iaunudasenug
Y H 1
1o ldnialnajgnsfiwulunivylsuaziode (Eurasian swine) dadoad1enaenuun (avian-like)
v @ 1 J 1 9 2K o dy Y o ] d' d' Y
sHawUENITuveIAaznounuNadwaen e 14 ia lvgignsinu lugnsizuen 18 luilsemea
] Y
Ine 1Wolln.f. 2005 1INTenIaraysuazRsFUN IaesHanUENIsTNvBLToIMlounUNI1 97%

9 Y a a’dy dy 9 1A 1 v W d" A
FIMTUNANITUATISHILYD HIN2(07) Glumm@mwmmmmuﬂﬂﬁmﬂuﬂm%’a H3N2(05) e133nN9U NS

o a

= dy = Y] 4 dy Y o [ ~ =) a A . .
auﬂjmwamummﬂmawu‘qmmm%a"lsumﬂclmuuqmﬂwuclmmwaﬂamimmua (classical swine)

{ s

1 2 v
luvag e H3N2(05) Hdusudamonugnge liwialvajansinulundlylsiuazioe (Eurasian
E2 ] < & o o Y 1 1
swine) UONINHINOYOTIHUAANUNUDUVDITHANUFNTTUVOUFD HIN2(07) 2NUINOU
@ ! v = Y =KX o W dy Y o 1 A 9 [ @ ~ ~
WugnssudmIngziinnuadiendsiunude ldvialnajgnsimizuen lanndendasiays luila.a.

2004 TaglinNuHioUNINAI 95%



M15137 8 Sequence homology YDILAATNOUNUFNTIHVOIUYD A/sw/Thailand/S1/05 (H3N2);

H3N2(05) iWionlSeuNeuNY reference swine influenza virus 114 GenBank

Gene| Nt* positions of Virus with the highest degree of Nt identity | Influenza virus lineage
H3N2(05) compared | homology (%)

PB2 8-2236 A/sw/Chonburi/NIAH589/2005(HIN1) 97 Eurasian (Avian-like)

PBI1 832-2166 A/sw/Chonburi/NIAH9469/2004(HIN1) 98 -

PA 1-733 A/Thailand/271/2005(HINT) 98 -

HA 3-1703 A/sw/Chonburi/05CB2/2005(H3N2) 100 Human-like

NP 2-1508 A/sw/Ttaly/839/1989(HIN1) 95 Eurasian (Avian-like)

NA 1-1407 A/sw/Chonburi/05CB2/2005(H3N2) 99 Human-like

M 29-997 A/sw/Chachoengsao/NIAH587/2005(HIN1) 97 Eurasian (Avian-like)

NS 1-838 A/sw/Chachoengsao/NIAH587/2005(HIN1) 97 Eurasian (Avian-like)

* Nucleotide

M15137 9 Sequence homology YDILANLNOUNUFNTTHYDIUTD A/sw/Thailand/CU-CBB.4/07

(H3N2); H3N2(07) iielFeueun reference swine influenza virus 114 GenBank

Gene| Nt* positions of Virus with the highest degree of Nt identity | Influenza virus lineage
H3N2(05) compared | homology (%)

PB2 19-2280 A/sw/Ratchaburi/NIAH59/2004(H3N2) 97 Eurasian (Avian-like)

PBI1 1-2273 A/sw/Ratchaburi/NIAH59/2004(H3N2) 98 Eurasian (Avian-like)

PA 22-2165 A/sw/Ratchaburi/NIAH59/2004(H3N2) 98 Eurasian (Avian-like)

HA 152-858 A/sw/Ratchaburi/NIAH59/2004(H3N2) 100 -

NP 60-1556 A/sw/Ratchaburi/NIAH59/2004(H3N2) 95 -

NA 1-1410 A/sw/Ratchaburi/NIAH59/2004(H3N2) 99 Human-like
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“Phylogenetic origins that differ fram A/Sw./Ratchaburi /NIAH1481/00 are shown. The small characters a and b after the origins represent the
clusters designated in this study. Cl, AL and H stand for classical swine, avian-like swine and human origins respectively
"It was not clear whether ancther introduction had occurred or not.

A 1

alvgignssiia H3IN2 I 1u%9 55119106, 2000-2005 HaIUWANVDINDY

ugnssuivaInvatenyila HINI Taoiivieu HA taz NA Sumnnnuyyd diuvesvieu RNA

41

polymerase (PB2, PB1 ttag PA) matrix (M) FUNIINUD LAZNOU nucleoprotein (NP) (481 nonstructural

. = . . d! 1 [ (% dy Y o 1 a d‘ =1
protein (NS) 8UU1INGNT (classical swine) mummmuﬂ‘uwa%mwimgqmww H3N2 Ay lunil

d! = T 1 d‘ A dy v 1 d‘
Eﬂiﬂ FIUNOU HA g NA UINAULATIUNDNOUNLHABNIINUN (B HIN2 Glu"lmmmwm‘wwu

a L {1 <] ] v W 1 o §
luniomsnunilontlagansaiiviou PB1 N9 InAMFUREINUNINDU HA tag NA HU9InT1891U0

Y 1
uaasdnuznaiuEnssuveude liwialnajgns ludszmalnefitsng lusasila.a. 2000-2005 A i

1 Y
Usingmsanyisenenude i ldwialuggns lurdlilegivee

Y
Tuwasila.a. 2005 nmzdive Idiye l9nialnajgnswiia HINT $119U 2 isolates 1agatia H3N2

MU 1 isolates 1HA.A. 2006 WUMWIZHUA HINT luvazNg9ila .. 2007 numwizyia HIN2 a1

dy o Y o 1 ~ 1 o A Aav A A g ya o
!,“15@Ulaiﬁ”l"ll‘ﬁaﬂGlmquﬂwﬂuizﬁawmimmumﬂﬂﬂmiafﬂm wummzsHanilu H AUSHIY

Y

o Y o

1

9
a
l¥nialngjgnswiia H3N2 Anvulugnsdaniavayys luila.s. 2005 ez 2007 MFANEIANHUZNI

9 q

ke

=

[l Y
Wude ldvdalnaignsytia HINT Anulugnsdaniayays luila . 2005, 2006 tag 2009 taziFo

E4 Y
WugnIsudadn e lduialuajgnsaia H3IN2 Tuvaziifineasiaiugnisy liasunwlavou ua

v
1A

a <Y < 1 di’ =\ = 1 = Y <KX o
mnmsamswwmauammwmzmmuﬂfauﬂmﬂaauuﬂaﬂumﬂﬂa H3N2 ﬂﬂ.ﬁ. 2005 AngnadIny

U



42

P o o ~ Aa =t 1 dy = =X} [l
H3N2 AtieaulusaniasayGuazazdansiluile.a. 2005 daude H3N2 Tn.a. 2007 Adenala
d' v A [ A [ [ di’ d' 9 (% [ ~ ~
nasuuaunminge dwmaniioununuye HIN2 wzuen laningns ludaniasiays luila.a. 2004
o [ = dy 9 (% 1 a YA o 1 9 dg’ 9 [ ]
dmsumsfnyude ldnialnajgnsatia HINT amgdIdewudn Taesauuande 19vialvajgns
- . 4 o D A e 4 4
¥ila HINT imalasunlasmeiugnssyliunin TasmwziionlSeuieuiuanulasunilasi
Y Y Y
wulude ldnialuaignsviia HINI Tuaadszna Taoko HINT 114 3 isolates (wizuon 14 1uile .
{ o @ ] a . a o Jd J
2005, 2006 Lz 2009) N1HMsANIEIAS1INUNTINA genetic reassortment I wHAdA J9u IdnoU

1 { a { g . 1 g
WugnssuRvanvate Taomwizyiaily triple reassort 52HA19AU UNLAZENT 10 HINT Tuthws

ST

[ =% 9 ) a 1 =S a A = A A
mmuaﬂymzﬂmuﬂuuﬂmuﬁzqumclumﬂmmmmuauazqmmﬂqiiﬂ ADUNDU HA L1as NA
= 3 . . A A A A A 1 I . . . . . [l 1<
guI1) 1 classical swine 1HYULNNOUTUNIVIADON 8 NOWIY Eurasian swine (avian-like swine) @Eleliﬂ

[ Y 4
MUoQaNHULYBINT drift YOUFONIA 1N IABIINIZTNUINOU HA NA 11ag RNA polymerases Y04

=

v A = Y A A 1 ~ A aa 9y & @ L Y] dyc:" A
hsanmnzuenluiliagivezlisuesnvienininuiie 4 Unuda Fsmsnaewus ludnvagibiuds
Y I3 a A dy Y o 1 3| dy o 1 ] A A A &
wuladulnaiiiesnimde ldnialuaignafwde 1 3a RNA dauvouduimae (M NP tag NS) 4
v v Y
Usznou ldrenouniianunsigalude 4w ialug viiao (highly conserved) Tammizviou M 1ay
dy 2,’ = Y A [
NP wpuFonsauianulndifeeiy
A' = d' dy di‘ [ a 9 J = U di‘
WeAnyseanshesvouse liTe wwenunTadinT 1Ly IMaInnen M tay NA 81 12 nuI e
o dy 1 . A Y Y g a 19 1 A ..
NIeUADADET Amantadine ¥4 Ipasauudmudnyazilulndedud) aun13Aeqpe Oseltamivir 93

WUIUFD HINI Va.a. 2005 uag 2006 Tidoaosn luvaziido HINT 2009 WUA#A081 NEIUNIEN

v
]

. Y a Y A [ a dy Y o ] U L.
Amantadine ulﬂlillQﬂHWNW‘l“MWﬂﬂ”liﬂ'Jllﬂ‘llLLagﬂ”liiﬂkl”Iﬂ”li@lﬂl%@llell‘ﬁ’Jﬂ‘lﬁi}JJ‘l‘l!ﬂiLlﬂQUEn Oseltamivir
dy 1 . dy Y o [ = d! ald't: di‘ Y o ]
1aEZNITA9MDY1 Amantadine ‘U@\‘]L"]fﬂ"l‘ll‘]fi’Jﬂiﬁi}ﬂfﬂﬂlﬂcﬁxﬁﬁmﬂuqﬂl‘ﬂ@]ﬂl‘ﬂ@llmﬁjﬂGLWQJGLUﬂULlﬂ%
Y o 091’ A = = @ dy .. . A
ll"l]“Vi’JﬂLlﬂLlLlW1J3J1ﬂl1|i’]l,ﬂ581JL‘V]EJ?Jﬂ‘].Iﬂ1§ﬂi’JEJ”I Oseltamivir (Bright et al., 2005) 11493910017
A = & o w 3 o Y a = a ~ ) ] (]
Lﬂaﬂuu,ﬂmywElwmmﬂumﬁﬂ‘nﬂmﬂﬂﬂmﬂaauuﬂawmﬂsﬂazﬂuwwmamtmmwu 26, 27, 30,
A £ g ' ' o q YA A . Y P} L. A A Yo
31 1130 34 Faduaananen i 111¥oAos1 Amantadine 18 a31n15 1987 Oseltamivir taazi5u 19U
1 1 d' = d! 091’ 49!’ 9 1 d'l = 9 1 dy
pe1UNT RN oYU A.A. 1999-2002 FIVMLHUNUNITADIUOININ ﬂammaumﬂ%&lﬂuﬂquu
Qldlq dgl’ Y o [l d? <3 Y] c’d'dy 1 d? o w (=K% [l 1 dy
Gluﬂu”lﬂm@mwa”lﬁu‘ﬁmiwmymmunwumawu‘qm@ﬁ@mmﬂﬂmmuamu &LﬁﬂﬂQVlNNWﬂMWﬂWiﬂ@ﬂW
. [ Y] d! d‘ dy v A [ d" [ 1 A d‘ 9y
Amantadine ?ﬂﬁ’i’@!ﬁaﬂ@uﬁu\‘]ﬂﬂf’ﬂq?iﬁuﬂTJ"WﬁNHWﬂWiﬂ@ﬁ@Eﬂ m%ﬁmumu1%1ﬂmﬂmumu

. . dy 1 A Y S = Y Y Y dy
suboptimal dosing u’e)ﬂﬂmuigElgnamazmmﬂmuawENmﬂwEnmJmummﬂl@ﬂumiﬂizcﬂuﬁlm%

=

a dy 1 = % a dy ad dy S A
namsfAosusuRsInUMINansasel §Fuzinulugreuuaiice

WU 11581 HA 91 encode Tne HA duiionsimsulasuveansaozi lualsyana 4-5X107 /
Aumia/l Fagandidunoeudun ves hialdnialvajaiiae (Wilson and Cox, 1990) maulasuuilas

v = T v 9 a dgl A a = ! a
VDINDU HA Emfcnuiwq;um%zmmu%mnmmm globular head ‘U@\‘]I']Ji@]u cmﬂumnmiam



43

sa

Y 1
receptor binding site Y9¥® (Schweiger et al., 2002) Manaeiugnii lignsulasunlasveslisau

v

=\ @ a é’ 9 ~ (=1 . = [ 3 A
HA umm@maﬂmmﬂmsmmi% RNA polymerase 2] proof reading FIgIHa IATUADUVDIN TN

o a o w 1] L [ J o ]
UV THulANURANAIAVBIIA LA MInaleR T luanyuzilanudAyedanluns

Yo Ao A a . . . = dgl Y o Y
NawuaIuan I5aTaems 1o iadu 119991NHININA antigenic drift Y99 HA Tusauauuad a4

v
v A

a g a d? o w A 9 dy . a 19 Y Yy 9 1 dy . 1A . A
piduAuRaTuINMITIngud101F0 strain 1an T ¥naduduaoI¥e strain 1N drift vionane
A 9y < Y1 a o A @ dy Y ] 9 = a . dy
wug lduda i laimswaainduilosiude ldnialun luauszdeoslinisiarsan strain vouio
o A o a g v A A & o [ . ) v o o A 9 = A o .
hianazgmir lwdaduindunna I dedaiauilu strain dSmsviriaduldlugn Tanmilony strain
9 [ o o A () v A y A a Yo A o Y o ]
dmsuiindudmsudnTanld Wemnansanms e iadwneilesiulsa ldnialuaigns lulszme
1 1 [Y] a = Yo A a 1 d’ d‘ = (% =S
A9 xnuNszmaanigensm ums l¥iagululsunamnnuazdeiiey warmesuiunianiy s
datlszmalneliims 1 iaguiloatuTsaldnialnajgnsludsgnsthusuae doyanmsdnyinu
o Yo [ Y o T a Y 9 sldy = o A d?’
mstlFiaguiloanulduialuglidiunerdoclumsnszduldiselimsnareiuiuingsulasmmz
[( [ 5 oA A o v
mManarwiug luaiuveaTdsau HA (Boni, 2008) 3411119205 U10ANHMZY0IAINHAINKA18VOUFO
Y] ] a d' G a = d! = ' @ @ tial’
ldnialnajgnswsiia HINT Anulunidewsnuwile Flianunanualeganguanaenunuye

9y

U

Y o v a 9/ Ao = di’ 9 '
ll“'l]?i]ﬂiﬁip}fiﬂi%i!ﬂ HINI Tuiusindenslianurainvalgveayetiosni

] ' 9
o v A s A

4
M3asItelsn Tasmsmizuenuaziigaiiyeldeinandvyie dainanses:
Y v Y

v dg’ [ a Y a A A o 1
ﬂamJaaEuﬂfa"l,aiaaaﬂmmqszumlNmumahmawmmmm%aiuixamamﬁumﬂ (ﬂizmmuﬂ

o v A dg’ @ u’a’ aa o 9 a dg’ o A =S zi’ [ ~
1-3 IUNAALYD) ﬂ\iLl‘L!ﬂﬁ@]i’Ji]’JLlilﬂijiﬂﬂ’Jflﬂﬁﬁi’.ﬁ]@]ﬂ@]”mLﬂf@lhiﬂ?iiﬂjﬂiﬁuﬂlﬂﬂlﬂfﬂqﬁiﬁmﬂﬂ

k4

] = =3 o I ¥ v [ =2 o o Ao a A
981\1&@83%\191%%11??1@Wﬂalll]ﬂ@ll ﬂ\?HUﬂ15L€115$3QIiﬂ5]\13Jﬂ91ﬁ8ﬂ15@]§3§]1/]1\1"]551]']1/]81 IWNDMTIINN

a dyl di‘ A Y ama < o (] 1 Y o a dyl di‘
LOUALOAABLYD 1iBI NI UITNaZAIN Lﬂ‘].l@]'JE’JEJNﬁ\W]TJil]lﬂQ"IEJ NITATIINNTSCAULUDUAUDANDIYD

'
[ =2

o 4 ' 2, a 4 [ o . J o a 3o
witiilots¥nemsaae lsa Fedeae1/un139 paired serum AT HBAIINHATATIINIESUINGNNG

v

] A
1¥lumsgmisneuauesvesgiquingnsaemsiinduielsziiunnudulsn 14 Sniedsenunsolsy

a a di‘ 9 ) Y ) 1A 9 a o 9y ana g ) o o
Tumsasndemumsaaie livialuasidaedwriadaild Taeisnilunasgudmiumaiiam
F4 Y 1
szauupuAUeanoye 191 ia lvajatiaw 1810 N13n32947075 hemagglutination-inhibition (HI) test 44
Y Y 1
ldnanmsasavinszauueuaueandumizas lUsauduuunngaiu (HA) veuse lhia ldwialugnld

9 Y Y
[ a @ @ o W <
Tumsnagou IﬂElfnﬁ%‘l]ﬂum@ﬂl!@u@lﬂ@aiulﬁ@ﬂﬂﬂl%@uhﬁﬁfﬂgﬁ'lll'liﬂUﬂﬂﬁﬂWi@lﬂ@lzﬂ@uﬂl@ﬂlNﬂ

9
adAaA

4 @ § v Cqepe . . ' < o o
1ADALALTIDI9INMIIVVDUTD 125d (inhibit hemagglutination) 8814 13AMUNMIATINAITHLV0I A
Y £ A A A @ 9 o 1A | o da = 1 Y @ qsxl
E)u‘ﬁux‘]ﬁﬂlu@\illTMﬂﬂﬁ‘ﬂul’]iﬂhlellﬁ’malﬁﬂﬁfumﬂhﬂ1iﬂﬁ1ﬁlWU§1’] HA Tﬂmuﬂauﬂmqq ANUUNIT

aa o Aa dy Y v 1y ax =2 9 =\ a I = v A o Y
mamu%mmmm%a"lwmiwngmaaﬁ HI ﬁ]\i@l@ﬁhﬂ'ﬁﬂi&ﬂﬂlﬂ“i%ﬂ%ﬂ m”laiﬁmzuﬂﬂumﬁ
A Y o ax = Ao A 1 dy Y o
1’1ﬂ’c’ff]‘ULWf)Gl‘ﬁﬂ\‘]ﬂ’JHJ“l]1LW1$GUfN’J‘ﬁ§Ii’Jﬁ] (de Jong et al., 2003) ﬂﬁﬁﬂ‘]&lwﬂ\‘lcﬁiu’J“VIEIWI’E]L“MJLIGUW’J@

1 9 ) Y a va J dy J 9 A (=) Yo A
Tnaigns lufnusiemnsotunldlumsisedivgianmssiveade luvsu 14 iesnn lilims 1$3ndu



44

'
a o

Hosulsaldnialnaansludszmnsgnsludszme Ineg Feildmsulananiedinineilade

(= ] 1 < = Ao A 1 di’ 9J o 1 A A o 1
Lm%uliJllﬂ’J”lllﬁiJﬁu ’f)EJNlliﬂﬁ”lllNaﬂ”liﬂﬂ‘]el”l‘l/]”lx‘]glﬁil’J‘VIEJ”I@]E’JL“H’E)ll"IJW’JﬂGLWﬂJQﬂiV]W”Iull”lllmu’sullll

[ EZ

13 4 @ ' [ 3 ]
I uaneusadudugliamsaiveslsa ldnialvajgnseeiug HINT wag H3N2 nelumignsuaz

q

qﬂﬁ;u"lﬁmluwma%m%ﬂmmﬂizmﬁ (Damrongwatanapokin et al., 2003; Pachariyanon et al., 2006)

o ] v a Ao yc"w 1 c?/‘ { o [ 1 o o
AMTUHAMIANBIMNETNINe e Insamsadea 1 dawuNgns lunsd@danianiinmsdiseie

Y 9

51913 waslgy waySuazansunidensimsaade ldvialvggnsnerile HINT 1ag H3N2 oguaz
9 c?/‘ ~ ' 4 4 a dy A 1 1 '
amnsony lanaeanstl uavznunlesimudmsaadouniga luregaduaeruig Tagaznun

v Jd 4 @ ] a J a 1 1 v Jd
guamssinee [dvialnajgniatia H3N2 szgendiwiia HINI uazaznuinmignivziiglianssiae

E)

Y
A Y]

o ldnialvgjgnivila HINI gennniinguaninduuuazgnsyuedalitoding nNsaanumanis

o—

v
Y]

= a 1 a 49{ Y o [l = d A a [ A
F3umenaomsaado 1w ia lugjgnsilse Temiodraalumsaamudhsz falsalugsgns iosnnee

[

Y J Jd A a gy 1 a dy Y =\ o 9 Aa 1
nswngns luvhsuliszaugiduaenmsaareuntsaiedla uazdalslumssziiungueny

A v

N
a dy A ! dy YR o Y Y o
ANINUNITHUNITAAYD LUBININTINITDANIT seroconvert ﬂl@ﬂijﬂi@]@t‘b’@vlﬂ v lvansadnmims

o
Q

3 o [l Y 9

1 A dy = 4 1 1 A Aa dy ]
!,ﬂ‘U@]'J’fJElNGluﬂﬁjiJ@WﬁqlEIﬂiulﬂﬂﬂﬁ@\ﬂﬂﬁllﬂWWgﬂﬁﬂ!‘ﬂLGI)'fJ'JHL'JEJuGluV\hﬁJfJElN@]fJLH@Q%HEIﬂi‘V]@I@LGﬁﬂhliJ

u

9
= a

= Aa A A A do - . Y Ny a Ay ¥
Hemsudaan1enatiniuaBnensAndoNanu (subclinical presentation) Y03aN19FIUINGIN 101N
9 am [ o EY = a dy A A o dy [ Y o [
M3A52992835 HI deernnsobun1dlumsAnyitonavefwiiai cross-react nuide 1hid 19nialng)
a A g = @ 1 . 2 LA ' Yy A o a Jd a
Ay subtype iReINULAITIUALAE isolate 11AZ/HTD strain NAna1 IO INTIZHQNITIAA
Y [ v [ Y
antigenic drift vou¥e 15 14 de latinmsanulugnsTae ldhdsugninldize 19nialuagnsasiia
v o g [ ] { % v o & o o !
HINI Tueda miudude ldnialvnajgnsimizuen 18 ludlilegiu vaz lunendusumihd@sugnsn i
4 Y 1
e Tdvdalngigns uliagiiu ndududeimzuen ldlueda udrmunanuaunsalumsiviu
o, o e 2o s o )
YDINIADIRANDI LLAAIDINIFTNA antigenic drift vouseluTlilagiiuesnainielusda (Vincent et al.,
4 v
2006) HaM3AnE1Uee1ATeNT4 lia1u150eNAIM5IAA antigenic drift YOUFOAIWNMIANBINIIEGTY
a Y A @ v Ay A= I Ao ¢ Aa di’ a 3 ~
Inonldiieanndredndsunanyuiudiugns lurhsunAadenuss sumams 1zaziugnionnag
a { @ [l a . [l < a J 1 {
asuae 19 inlvgignsrateriiauazyiaie strain 06719 1sNAWHANITATII B UADDARELTD HINT(06)
=& 9 o @ ~ 09/’ 1 4 £ 1 A a dy [l
uaz HIN1(09) Fumizuen laangns lusendaranineg lumhsunilanudgnsilueuavease
T 1 v A A <; A o Ao 1 09; Y d" 39 Y
HINI1(06) TidnazegluszauigenarmioduiierhdsunngnamanivlUiudude HINI(09) flvdwa
c?/‘ = ] dyu a dyu A o dy = ¥ A 4
auNIMUA F9FIeUATDAAD HIN1(06) 13117192 cross-react NUI¥0 HIN1(09) Fap1aduingivld
1 d" = . dy & 9 o 9 @ 1 A A
0 HIN1(09) M3 drift 110190 HIN1(06) Fadoandpinudeyan aiugnssuvedvion HA duil
& ~ ¢ ¢ & M ¢ s &
WUIUFD HIN1(09) H1losiaud homology Ao HIN1(06) #1071 t1/a31a51a homology 531319170
o dy = = Ao A 9 ax A o
HIN1(06) NUI%0 HIN1(05) U3z ToanianiszmsveamsfnyImEsuIne1dieds HI Aeamnsoiing

1 dy [ d' Y o o d‘ 1
ﬂﬁ‘ﬂﬂ’c’f@‘ﬂhlﬂllfﬂﬁwaﬂﬁlLWiﬂix‘mﬂﬂJﬂ\‘]L“ﬁ@Vl’)iﬁﬂmml!ﬁlﬂqﬂ AINANIE1579U09 1AFINITA NNUN



45

& o ! o Ao o A A s o
159 HIN1(09) ENLL'WiﬂigiﬂfJiLlTJi%clﬂﬂifIﬂTV]Qﬁﬂﬂﬂ?ﬂuﬂﬂﬂ?uﬂf@ HIN1(06) LuﬂﬂﬂTﬂlﬂ@iLWHQQﬂﬁ

4
A

d' Y J dg‘ 9 U dl Y 1 a d! d! a Y d' di‘
Nlvimavuinaee HIN1(09) Hegn i IinauInaeLye HIN1(06) tNUATI maﬁmallmummm%a

A Y @ o ~ Y a A A
HIN1(09) W\N5]3W‘nzLlflﬂllﬂﬁl1ﬂqﬂiiu%\iﬁ']ﬂcﬂa1!51/]ﬂjﬂﬂjﬂiiﬂﬂTQixﬂﬂﬂTQLﬂu%Tﬂimu@Lﬂ@u
3 2 4

= csy ] <3 Y a Av A =® o a A A o
unTAuuestil od19 lsnaunls lalimsAaaumedsuine TasAnuszduuouAtoAnoIyoLaz I 1LY

v Y 1 [ 1
gnsnldwavanaeio HIN1(09) tielszdunaisiimsnlasunlad it 14lunsasadieds Hi

d‘ 1 dyd a dy 9 A 1
ioUsFDemsAm¥e HINIT Tuthusmie T
c?/‘ 1= = [ a 49{ 9 cu 1] 1o 19
Auuaila.f 19582005 nangumsanade ldvialuaigns Tuauegiuaulites (sausuTae
[l [~/ a A o (% a A
(Myers et al., 2007)) a2 napdlusisanunnlszmeag Isiuazemsnuvie diwmsuluemelsisnums
dg/ Y o 1 A 1 = dy
wue 14w ialugigns H3N2 lumsnetg 10 aeulugoansila.a 1999 (Nerome et al., 1981) MsNULFD
aa (1A I
‘swine-like’ HIN2 91n91801¢ 25 Yilszmanat/dudluil a6 2004 uagmawy swine-like’ HINT 910
<] 4 . [ 1 ]
wnaeey 4 Vlulszmet InaidioTla.et. 2005 (Komadina et al., 2007) daus1eauluaslszmavesngu
~ o Y] A A 1 a dy 9y o 1 ] o 4 o [ Y4
aunhauludnyagidesnemsande I4via lvagns wu awihauhsy auinululsandga)

v ) 4 1 J A o Y J A o A 1 a dgl’ Y o ]
wazdadunndnidieonthsy wunnguanihinuainanisaaNudssnen1saaie 144 ia v
gnigennauiinuedwoun flunerdesiumsdudagns (Myers et al., 2006) FIANHULUDIDING

Aaa Aa dy Y o 1 (=} 1 [ a dg‘ Y o 1 @ 3
uaasnaatnluaunaade ldvnialuggns lilanuuananumsaade ldvialngvesau daiu

o a dy Y o ' =2 Y VA d a A aa o
%11!31!518\‘1TL!ﬂ1§ﬁﬂl%@1%ﬁ3ﬂ1ﬁ@ﬁﬂ511!?’11!5]\‘1@15]1!@flﬂ'J”I‘VIL']JLlili\uu'tNﬁ]”lﬂWﬂ”lﬂﬂ”li@]i’Jil'JUﬁ]ﬂfJ

= L)

] 1< ] ' o a 4 o 1A ' 3’
619 lsnamazin Idwanguvesmsaaie ldnialngsianedmssninauuazgniiuiogesa

U

Y o

4
Ta® Centers for Disease Control (CDC) las1001un lutlsemaansgomsnagwnunmsaaie 14w ialug)

gnaluau 1 18Tunne 1-2 3 (http:/www.cde.gov
/flu/swineflu/key_facts.htm) tiipaninfidiuan liwudoyamsdisramaanie lduialngjgnsgaulu

Y
[

A o o L [ A I v '
Uszmelnoas nenmzdisen 19ldasiagilszasdlumsdrisndnsimaiianssinenan Tagla

Q

1 9 ~ 1 PR A = 9 1 1 = o Y A A ~ 9 [
lﬂlzuu‘ﬂﬂfj‘lJ1]33%””]51/]1]?’1']111Lﬁﬂﬂq@glﬁllﬂllﬂ NANAUNNMMNUTUATNUYNT UTDOUANNNYIVDINY

7 T ] ] o o 4 J 0 4 o
Whsugns liiwzederdensoiludaumnddidi-oonhsy wiemnulugimsveshsy Tagagsiinig

ya o

) s A dy Y o ' v &£ Y o 9 A
ﬁWi'J%m'WW%'V‘hilJ‘V]ﬁWNWﬁﬂ&W1$L!EJﬂLGIf@ulsllﬁﬂﬂﬁlﬁiUUEIﬂﬁulﬂ G]Nﬂﬂl$W?ﬂﬂvlﬂﬂ1ﬂ15ﬁ13'§ﬂﬂ5$“]ﬂﬂﬁﬂuﬂ

o J "y Y J & Y o ' A 9
Aauluvhivgnsaeasdeny Taevhiu A annsomnzuende ldvialvajgnsyila HINT lduag
Y I o (] Ao 4 o 1 4 d" Y o 1 a Y
lamudegndsuaulurhsy A $1uau 28 au dauvhisy B imzuende ldvialnajgnsyia HIN2 14
3w " Ao J o dyc" Y o g o ' Ay 1A wa v W
m‘um’aElNG]fiiJﬂuGluWﬁmmau 50 AY u’e)ﬂmﬂuﬂulﬂmmﬁmmsl3@81@%1ﬂﬂuﬂ1uuﬂizaﬁﬂ1ﬁﬁuNﬁ
o A Y o 1 A g 1 =i =} A
ANIIUIU 30 ﬂu‘wumq%am&muumaﬁamquinmwmﬂuﬂqmﬂiﬁmmﬁm NMsaavNlseia

Y Y 1A A wa o v A Y o ' A ¥ v
61]@\1EJLGU'ﬁ’nJWcU’J']lJﬁ@QﬂuﬂNﬂ§$3@ﬂ15W1'}ﬂ%uulﬂlﬁ']ﬂclﬁiyclUﬂuﬁ]']ﬂnﬂﬂucnlm'lﬁqu Tﬂ&liﬁmmﬂnﬂ

v
(3 =

=\ <3 aAa A "9 o A o A A Y A
AUNTUNINNYUDNLUYILLIIN WINYS 6 ﬂualuﬂ’qmg UHAFNTNIIVIYIINHIAY TDUDINITUNDINIA LD



46

|di’lllalw ] d‘

dy Y 1 o a 2
ANINITIINITSAVUBDUAUDANDLYD GIJW']ﬂ1”ﬂlﬁﬂ51/]&W1$Llflﬂl1ﬂﬁ]1ﬂtlﬁﬂ$1/‘l”liu Wa‘ﬂllﬂ

9 q

v [

A v dhl?l o a

111970819F5UN

v
4 A A o '

v % ' 9’I { o v v 4
aeandesnunedesrhs ezl auiiaududagninienoidoegluvhsugnsiTomaveans

L)

Y
¥ o A = 1

Y o ] U d' nM9Yyo o 1 U d‘dw d'
ﬁllNﬁlclfﬂll"llﬁjﬂ‘lﬁiyf’f(ﬂiu1ﬂﬂ'J”Iﬂu1/l]13J"lﬂﬁ3JNﬁfIﬂ§ﬂQﬂ’ﬂ 24-29 1M Tﬂaﬂqmuwuaﬂymzﬁamm
v v v 1 dy o J A o Jd 4 4
ﬁllNﬁﬂ‘]JfIﬂiiﬂfJ@ﬁQWLlﬂumENf‘Iﬂi ﬂ‘L!‘VI”Iﬂ'J”IlIﬁgﬂ1ﬂ1uw1iﬂiuﬂ@ﬂqﬂi nsodnng Nilosisua
~Aq ¥ 1 dy Y o ] J 1 A o 4 A G 9
Mdwavnaeoie ldvialnaigns luvhsumnnhauihaulugsmsvhsunSedudnauoms wams
o o ! <3| Y Aa s 1A d'dy Y I =K a dy 9 d" Y o T 1
ﬁWi’J%ﬂ\iﬂﬁW?Lﬂuﬂl@Mva‘ﬂN“IJ5$Iﬁl“ﬁu@Eﬂ\?ﬁl\iﬂ‘lﬂﬁlﬁuENﬂﬁ@lﬂﬁf@‘lﬂllsllf]\‘]L“If@vlsllﬂ’lﬂﬁlﬁiUU’QﬂiEIﬂuﬁlu
A & A o A dy Y o ] <} a g 1 5% 1w Y 09}1
‘Llizmﬁ"lm mmmmﬂuwmmﬂumu%a"lsumﬁlmlﬂuﬂuﬂmmin@mmmqqm”lﬂmm%uﬂu ANUU
Yy a 1 A A [ @ U A 9 A 9 1 A
ﬂ’)ivlﬂllﬂWiGIQQWN@I@Lu@QGlHEJ\‘]QﬂﬁLW@ﬁ1ﬁﬁﬂj§1uﬂ\‘lﬂﬁTJ L“L!’EN%1ﬂ5ll'ﬂllua‘ﬂUlﬂ%%‘]f')fﬂuﬂWi’JNllWHl‘W@

a Y] o [ . & a d?’ 9 [l
aalomManmInNANITNA1eWUT IUANYL VY genetic reassortment Funatu 1@ lugnsael)



47

asiwamsideuazvarauaunz

Ao dy Y o o a dy Y o 1 d’ ] dy d’w (% d’d dy
Tasemsiveil lasimsdrsramsaade lduialuggni lugegnsfegluiuniafaniinisdes

[ 1 I~ = Yy a <3 @ 1 09; Qy dy Ao
Qﬂi@EINWH1&L1JHL1J1!5$EJ$&'JE11 13 IﬂElllﬂiJﬂWi@Iﬂ@nﬂJm‘Uﬂ'JﬂUN‘ﬂ\‘] nasal swabs ¥uIH0on LAz THTY

4 1 v
MNgNINNquUeIgNIuaateIMsthsals Tsannszuumaaumelaazi ifiomsuaasuoslsn

d"w YA o A 4 a dy 9y o [ [ 1 A Y
uonniids latimsdisiamgiamsaimsaade 14w ialvuggnigau lunquauiii Tomadudagns

] A o 4 A @ 4 A 1A dy Y o 1
wu auiihaulurhivgnsnieodeluvhsugnsfinuniime ldvdalnagns ludszannsgnives

s & Ay v = Aaw g Yo A&
V\ITﬂJ “]NWﬁ“l/lvlﬂiﬂﬂﬂWiﬁﬂH13%86116\11ﬂ3\1ﬂ13uﬁ§:ﬂulﬂﬂ\‘lu

1.

9

k2 Y
@ 1 o 4
lugaamnssums@esgnsludszmalne aunsoasranude ldvialvaldn 3 aeriug Ao

F4
HINI H3N2 uag HIN2 1az9nmsannedsuine nugtamsveude lduialnajgnigelu

Y

A AAdA dy 1 c?/‘ (4 £~ o w

WUNNUMTAIIFATUUUU MITYWUT HIN1 (50%) ta1g H3N2 (85%) G]NiJﬂ’JnJﬁWﬂiUuGluﬂﬁ
a J = =2 1 A A a =

ﬂ’)’UﬂllIiﬂiz‘U‘U‘ﬂNlﬂu‘ﬁﬁlﬁlﬂﬁlu“l/\lﬁhﬁj:ﬂi HazAITUNMSANYIROLLBUNDU ST UA TG

sazmsnauwutlosdulsaluvhiugnsaelu

Yy 9 Y
[

o 091’ v A Aov A A o 1 A
‘mﬂﬂﬁﬁﬁ’)%‘ﬂ\‘]‘ﬂNhl’ﬁ?f’)‘ﬂ811!@1%%’3%’]1’1Elﬂuﬂﬁﬂﬂﬁuhflﬂchmﬂu EJ\‘]UhJW‘ULG]SE) novel HIN1

Y

& a 9 v A D, o A Ad A oy
2009 GL“L!Z‘Iﬂi %Qﬂ?iﬂﬂﬁﬁﬁ?ﬂﬁﬂmﬂﬂLLﬁ%GIJEJ”IEJ’Nﬂ’JNlIﬂENWHTIB‘Llﬂ TR I NIRNEEATRLY

EU)

owaziluilse Teniodevslumslianudunlszmvulasmmedui Tangnsuaz

Y 1A ova

duianulndsagns

G

Y o dy Y o 1 4 A Y ~
Nndoyanugnssuveuse ldvialuajgniceius HINT Auenldaingnsluila.a. 2005, 2006

uaz 2009 ansodudu lainge lduialnajgnsludszmalneg lailsi%e novel HINT 2009 #

v J

1 Y v
seanaluau uag lidanuduius oy merhfeud Uk novel HINT 2009 Aszinaluau

Y] 1

nuNiANuuANARIY 1InMssaumugian 1l nundaegluauazngu

o wAa 4 a g Y] 1 1 1 o 4 1 [
mydingiamsaimsaade 4 ialvagnigaulunguawinurhsugnsdesuanun

'
A o @ A [

1 A A oA 7 o 7 A g
ﬂquﬂucﬂj\]ﬂﬂ']ulﬁﬂ\?ﬂ@ AU fflJWﬁQ:ﬂi 1’73@@1?‘81“1’\]13“@:ﬂ5 ‘V]']\‘]']ucluv\l']iiJ?Iﬂiﬁiﬂﬂn-@ﬂﬂ

Y
v o A A A

o =\ ~ dy Y o [ [ 1 ~ (= A
vhsugns wwliTemansedudmio) vioaate (1w ialvajgnsunaiinquaui ludinnundes

v
A o w

=< 1 1 £ g ) o a 1 1 A = A
2901 24 1M1 Futluveya ﬁ']ﬂﬂlalufnﬁﬂ@\iﬂuﬂWiﬁﬂﬂ@ixﬁﬁWQﬂullagf’Iﬂi INDUANIDYINIT

U 9

neruiuves hignnautazgns uazadsiianuiuazderaueunzundfianudinan

L)



48

Y 4

° v :3’ Y o 1 v 9 % 1 & o 2
5. NNITATITIVAIIU ﬁ”lll”liﬂllﬂﬂl%ﬂlleljﬁﬁﬂ‘lﬁﬂulﬁ'[ﬂiﬁ1EJ‘WL!‘Q HIN2 llﬂ 4 Q08N G]NEN]'IJJN

9 Y Y
FIBNUMIANINWNGIFING BN INToyaTosduMITUENTTUNDILANA NI INIETD

Y o v J A 9Yq = = = A & R o @
ldnialnajgnyaeiug HIN2 fuen 1a1ud) 2548 Sansany ludadndsanyagnewugnssu
o ' & A 4 o o 2 ) '
N3 8§ Nou !:Wmlizmumitﬂaauuﬂawmwumammm"laiﬁ mm%ﬁwaiumaazmma"hJGlu

9
PUIANTII IUAULAZ NS

A a dy Y o 1T A a 9 d 1 A 2K o Y tﬂy ]
Lu@ﬂ‘ﬂWﬂﬁiiN“ﬁWﬁﬂl@ﬂl‘ﬁ@ulﬂlﬁ']ﬂiﬁfg“]fuﬂl@%%LﬂﬂﬂﬁWﬂWHﬁ@ﬂN@l@Lu@\‘] Fﬂ\1“VlWGIJ‘Yi'!J‘ISE)ll'Ji?f

a [

= 9y [ a dal’ a a 1 Yy tﬂy Y o [] =
FWIITVHAUNANYUANNUADNITAALTDFUAIAN ﬁ'\‘lWﬁGlT‘iiJﬂﬁﬁg‘iﬂﬂéllf)\‘]!,“]f@vlsllﬁﬁﬂalﬁﬂﬂuﬂuﬂﬂc] 1

U

=

1 Y 1
. v a o w @ @ 1 g
(Seasonal influenza) 3@ mnsnilosiumsaaie ladremsiringuilesiulsaldnialug Wuinsw

v a2 A [ v A A Y =2 o o A [ 2a 0o q Yoy A AYYe q Y Y
ﬂuﬂ’ﬂﬁlx‘]Ul')iﬁiu')ﬂ“]fullﬂ'ﬂllﬂaﬁlﬂaﬂﬂﬂul']ﬁﬁ"ﬂ§$‘U1ﬂﬂ§ulm161ﬂﬂfl\1%$‘ﬂ11ﬁ3ﬂ°ﬁuﬂllﬂiﬂﬁlﬂwaﬂlliiﬂ

v v
Y =

Y J o ' a va o %
Taaau TumsiiesanmsounisTan (WHO) Fedesiiiniodternealfianmsnlan saunsdesiinsIdgu
o % [ 1A d 1 1 4 % 1
avdvayumaithsz o lsa lduialngwiae lulszansuybdogedisaoiiios Fadamalin 14 isolate vo4
Y [ [ i1 Y
e IhSanmunzauiag1¥lumswaainduiedlosiulsn dmsumstlosiulsn ldwialuagnsiu i

v
o v o Y =

Y
Posnananeduaionienelfiians saunstunumivayumathsgialsn 3eildmnaniagu
1] Y [ E4
ietlosiude ldnialuggns luansagmlsudyeldiuadie Idswderdusunldluau uensniids
VoA dy Y o [] =] 1 9 [ X% 1 =\ [l
o e [vialvnajgnstianuuanaemeduiugnssutaz Mawnms Tugnsuaaznil od1a
o =2 o I 1 A o A Aa v v A = ] Yo Yo
Fawu v i lansondaiaduni hiaiaguuuu@eune Isnugns IdnaTan
' < ¢ ' A vy o ' o Z9 A 9 oy
o149 lsimumgmssinmsszialvnaveude 14w ia lugienewusg 1vd HINT 2009 iiedula

R vy o 1A A o o I P '
WIHUN WU31LGH9l16IJW’JﬂGLWQJJTIWU5$U1ﬂ‘1uﬂu‘uaﬂymgm@QWUﬁ‘ﬂiiutﬂumﬂﬂqﬂi LLﬂ%LﬂEJllﬂW']JT]@u

'
[ =

E4 1
Wugnssuniimsswmiuszrinay unuazgns Tudnyaziinnuuud) uaiiosnndoyannmsdiing
@ @ tigl’ Y o [} 1 A =2 o Y 1 Y v ' 9 o A
anbuzneRugnssuveade ldvialvajgns ludeios 39 ld liaansasey ldFamuidusuiaves
dy Y o 1 @ o [l a d? ~ A [ a’dyo Y Y] 1
e Tdvia lvgjaeius Ina HINI 2009 iaduilauaziiio lvs anmemssitiildaszminir ms
a [V Y a o dy 9 Y] 1 a d‘ =< 9 [ 1 9 [ 1
Aaauthsz lanyaz Maunsveude ldvialugriaensmdeldvnialvaluaunas 1duialug)
=1 o w 1 Q' Yy a [ 1 d' 1" 9 d' Yo
gnsfinnudiAyed e uazads laimsaanueduaelilod sz deyai IdsuuenaINIZA N
=KX o dy 1 A A 1 o A AA o 1 9 Aav dy [
vondanbuzveuseInlounsouanasnuinuluioug M laned1als doyadtannmsveuseds
] dyd a . £ A = a dy 9 a v 1 a Ao
A1113019%DININA genetic reassortment FITDDINIAAFDVINFUATAT AIUNANIIAAAIUNIE TN
a <} J @ a 4 $ 4 ] o
enditse Teani lumsithsz Jimsaaie Iaenedeu Taemwz lulszma lnedgsgnshiulading

v A @ 09; a dyl dy =f o A = a dy a I Y
AAFU ANUUNITNULDUAUDAADLYDIINNISTDDINITAALTOANUTITULI Llﬁzﬂﬁﬂi%ﬁm@lﬁl‘ﬁﬂﬁﬁi’l‘ﬂ



49

v
=2 A 4

v H Y F4
1/1Nch%”aJ’mmﬁqﬁmﬁam%mammimuazmmﬁmmmwm%%mwﬂﬁﬁiw ﬂ”li@]m‘ﬁ]fﬂllslgllﬁiﬂ

Q

E4
Tnajgnsgau nselumandunumsaade lduialna luauggns 18

=

1 Y
Yoyan 1asUnNMIANEIANLYN SNBULNNRUENTTULAZMIINTIEHDINIAMTenInda T

U
Y

di’ Y o 1 [ v Aa csy ] cay o Y 1T A a A
ﬂwuamfa”lmmﬂiwmaﬂﬂmqmﬂmﬂmamqﬂiwumuuiuﬂizmﬂ”lmu m“lwmwmmmmm%a

[}

Y o [ ~ o [l 1 A Qs/ld c?/‘ [ wAa 4 a tﬂy Y o
Ulﬂlﬂ?ﬂalﬁmﬁﬂiﬁluﬂiz“]ﬂﬂif;j{ﬂi‘ﬂﬁﬁ’l‘ﬂ@ﬁlN@l@LH@W]ﬁﬂﬂﬂ\iﬂ i’JiJﬂ\iENW‘UQ‘UGIﬂﬁmﬂﬁGIﬂW@Vlslmi]ﬂ

9 q

] ' { o J @ 09/’ A o < o @ @ { @
Tnajgnsgaunthinulurhsugnidndls duiuamsdisodunuanudinguesmsithsz Tuse lduia

9 aq U

4

Inajgnsedees uaziiveauouus 31 aaslaanisiannie liwialnagnsediesnoiiosnalui/sevins

g q

4 r
v o d A A I o &

d' Ya J o 4'
qnmaz?uﬂuswm AIVUNOU) ITH ﬁﬁ?ﬂﬂﬂ@gﬂﬂﬁ?fﬂﬂhiﬂflﬂﬁ Iﬂflﬂ'lﬁﬁ?i?‘i)?%@%?ﬂﬁﬂ?iﬂﬂ&’

[ [ [ [4
1A

veneveuva lgwuiiowq nimaiassgnslut/szmalng lnsmwizluwuiniinisidesgnsidssuy
. . d' % = dw v o Jd A d' d' dv Y v r =1
biosecurity W ldunnsgrumaszims@aegnsziunvaniviinoug iesomyelininlnagnsiing
v d = 5 v A a 5 ] U 5 Y I A d' ]
naleyiugAaenIal oniagnsdainnuanselumsaaresiusznituve [ ialvgviaeony wu
Y v Y v 45 Q' a é’ %4 a 14’4 r ya
livialugluauuasldniaun Fuiulemavesmanave lasaviialnunidlemanelinamsszuia
Tuafishu/szrinsgnsuazi/szvinsuywela wonoiniinislavimnisnsnsiediedeamsaniovin
Aa v n’d' Y d’ [ v A d’ I~3 4 A dw
yiiaaninansaliinensiodnilavareyiia eanuazainuaz s lumsdhsz Timsamvely
[ 4 9}&3’ a di‘ o Y [ 4
sAvszrIns 03RS IUTIUINMIATIIAAMIYE vzt limsnamumsithse Selsaluvhsy
d’ = d‘ a a dy 9 Y] 1 c?/‘ = d' a dg’
gnameaannuidems Iagassiitnaninmsaade l[dvnialuggnssmnianudemeinaiunnms
a tﬂy A [ A a Y a A A dg’ d"w a o
Aarodie) saunne linszuumuaumelalugnslnilszansameeu vennniidunalse Tewlu
Y] 1 a va 4 qg/’ {
MINLNUMIIAMIAIUANY tazmsuuImumsliaauvesynainsluwhiy souisaunde i

o = = 9 @ 4 d' a dg‘ 9y o 1 9 1 YA
BBﬂW"IﬁJ?!ﬂi Wiﬂlﬂﬂ?ﬂ]ﬂﬂﬂﬂ?\lﬁﬂﬁﬂi L‘Wﬂﬂﬂiﬂﬂ"lﬁﬂlﬂﬂﬂ”li@]m“]fﬂllellﬁ’m‘lﬁ‘iy?f(ﬂi"l]”mQﬂuiﬁiJ

szaninmgaga



50

UITMIUNITUN

Boni, M.F., 2008, Vaccination and antigenic drift in influenza. Vaccine 26 Suppl 3, C8-14.

Bright, R.A., Medina, M.J., Xu, X., Perez-Oronoz, G., Wallis, T.R., Davis, X.M., Povinelli, L., Cox, N.J.,
Klimov, A.IL, 2005, Incidence of adamantane resistance among influenza A (H3N2) viruses isolated
worldwide from 1994 to 2005: a cause for concern. Lancet 366, 1175-1181.

Choi, Y .K., Goyal, S.M., Joo, H.S., 2003, Retrospective analysis of etiologic agents associated with
respiratory diseases in pigs. Can Vet J 44, 735-737.

Choi, Y .K., Goyal, S.M., Kang, S.W., Farnham, M.W., Joo, H.S., 2002, Detection and subtyping of swine
influenza HIN1, HIN2 and H3N2 viruses in clinical samples using two multiplex RT-PCR assays.
J Virol Methods 102, 53-59.

Damrongwatanapokin, S., Pachariyanon, S., Pinyochon, W., 2003. Serological study of swine influenza
virus HIN1 infection in pigs of Thailand. In: 4th International Symposium on Emerging and Re-
emerging Pig diseases, Rome, p. 261.

Damrongwatanapokin, S., Pinyochon, W., Pachariyanon, S., Damrongwatanapokin, T., 2006. Serological
study and isolation of influenza A virus infection of pigs in Thailand. In: Proceedings of the 19th
IPVS Congress, Copenhagen, Denmark, pp. 09-16.

de Jong, J.C., Palache, A.M., Beyer, W.E., Rimmelzwaan, G.F., Boon, A.C., Osterhaus, A.D., 2003,
Haemagglutination-inhibiting antibody to influenza virus. Dev Biol (Basel) 115, 63-73.

de Jong, J.C., Smith, D.J., Lapedes, A.S., Donatelli, I., Campitelli, L., Barigazzi, G., Van Reeth, K., Jones,
T.C., Rimmelzwaan, G.F., Osterhaus, A.D., Fouchier, R.A., 2007, Antigenic and Genetic Evolution
of Swine Influenza A (H3N2) Viruses in Europe. J Virol 81, 4315-4322.

Dean, A.G., Sullivan, K.M., Soe, M.M. 2009. OpenEpi: Open Source Epidemiologic Statistics for Public
Health (Atlanta, Georgia Emory University).

Fouchier, R.A., Munster, V., Wallensten, A., Bestebroer, T.M., Herfst, S., Smith, D., Rimmelzwaan, G.F.,
Olsen, B., Osterhaus, A.D., 2005, Characterization of a novel influenza A virus hemagglutinin
subtype (H16) obtained from black-headed gulls. J Virol 79, 2814-2822.

Gramer, M., 2005. Swine influenza virus antigenic drift-impacts on control strategies. In: Swine disease

conference for swine practitioners, Ames, lowa, pp. 58-59.



51

Haesebrouck, F., Pensaert, M.B., 1986, Effect of intratracheal challenge of fattening pigs previously
immunised with an inactivated influenza HIN1 vaccine. Vet Microbiol 11, 239-249.

Kanai, C., Suwicha, K., Nadhirat, S., Nerome, K., Nakayama, M., Oya, A., 1981, Isolation and serological
characterization of influenza A virus from a pig in Thailand. Jpn J Med Sci Biol 34, 175-178.

Karasin, A.I., Carman, S., Olsen, C.W., 2006, Identification of human HIN2 and human-swine reassortant
HIN2 and HINI influenza A viruses among pigs in Ontario, Canada (2003 to 2005). J Clin
Microbiol 44, 1123-1126.

Karasin, A.I., Schutten, M.M., Cooper, L.A., Smith, C.B., Subbarao, K., Anderson, G.A., Carman, S.,
Olsen, C.W., 2000, Genetic characterization of H3N2 influenza viruses isolated from pigs in North
America, 1977-1999: evidence for wholly human and reassortant virus genotypes. Virus Res 68,
71-85.

Kitikoon, P., Nilubol, D., Erickson, B.J., Janke, B.H., Hoover, T.C., Sornsen, S.A., Thacker, E.L., 2006,
The immune response and maternal antibody interference to a heterologous HIN1 swine influenza
virus infection following vaccination. Vet Immunol Immunopathol 112, 117-128.

Komadina, N., Roque, V., Thawatsupha, P., Rimando-Magalong, J., Waicharoen, S., Bomasang, E.,
Sawanpanyalert, P., Rivera, M., Iannello, P., Hurt, A.C., Barr, 1.G., 2007, Genetic analysis of two
influenza A (H1) swine viruses isolated from humans in Thailand and the Philippines. Virus Genes
35, 161-165.

Kupradinun, S., Peanpijit, P., Bhodhikosoom, C., Yoshioka, Y., Endo, A., Nerome, K., 1991, The first
isolation of swine HINT1 influenza viruses from pigs in Thailand. Arch Virol 118, 289-297.

Lambkin, R., McLain, L., Jones, S.E., Aldridge, S.L., Dimmock, N.J., 1994, Neutralization escape mutants
of type A influenza virus are readily selected by antisera from mice immunized with whole virus: a
possible mechanism for antigenic drift. ] Gen Virol 75 ( Pt 12), 3493-3502.

Loeffen, W.L., Heinen, P.P., Bianchi, A.T., Hunneman, W.A., Verheijden, J.H., 2003, Effect of maternally
derived antibodies on the clinical signs and immune response in pigs after primary and secondary
infection with an influenza HIN1 virus. Vet Immunol Immunopathol 92, 23-35.

McMinn, P., Carrello, A., Cole, C., Baker, D., Hampson, A., 1999, Antigenic drift of influenza A(H3N2)
virus in a persistently infected immunocompromised host is similar to that occuring in the

community. Clinical infectious diseases 29, 456-458.



52

Murphy, B.R., Webster, R.G., 1996, Orthomyxoviruses, In: Fields, B.N., Knipe, D.M., Howley, P.M.
(Eds.) Fields virology. Lippincott-Raven Publishers, Philadelphia, pp. 1397-1445.

Myers, K.P., Olsen, C.W., Gray, G.C., 2007, Cases of swine influenza in humans: a review of the literature.
Clin Infect Dis 44, 1084-1088.

Myers, K.P., Olsen, C.W., Setterquist, S.F., Capuano, A.W., Donham, K.J., Thacker, E.L., Merchant, J.A.,
Gray, G.C., 2006, Are swine workers in the United States at increased risk of infection with
zoonotic influenza virus? Clin Infect Dis 42, 14-20.

Nerome, K., Ishida, M., Nakayama, M., Oya, A., Kanai, C., Suwicha, K., 1981, Antigenic and genetic
analysis of A/Hong Kong (H3N2) influenza viruses isolated from swine and man. J Gen Virol 56,
441-445.

Olsen, C.W., 2002, The emergence of novel swine influenza viruses in North America. Virus Res 85, 199-
210.

Olsen, C.W., Brammer, L., Easterday, B.C., Arden, N., Belay, E., Baker, 1., Cox, N.J., 2002, Serologic
evidence of H1 swine Influenza virus infection in swine farm residents and employees. Emerg
Infect Dis 8, 814-819.

Olsen, C.W., Brown, I.H., Easterday, B.C., Van Reeth, K., 2006, Swine Influenza, In: D'Allaire, S.D.,
Allaire, S.D., Taylor, D.J., Zimmerman, J., Straw, B.E. (Eds.) Diseases of Swine. Blackwell Pub.,
Ames, lowa, pp. 469-482.

Oxford, J.S., Haaheim, L.R., Slepushkin, A., Werner, J., Kuwert, E., Schild, G.C., 1981, Strain specificity
of serum antibody to the haemagglutinin of influenza A (H3N2) viruses in children following
immunization or natural infection. J Hyg (Lond) 86, 17-26.

Pachariyanon, S., Damrongwatanapokin, S., Pinyochon, W., Chuxnum, T., Soawapak, H., Choomkasien, P.,
2006. Investigation of influenza A virus infection in pigs from 5 reported AIV outbreak provinces
in 2004. In: Proceedings of the 19th IPVS Congress, Copenhagen, Denmark, pp. 09-17.

Provisions, C. 2003. House Report 107-623 (Agriculture, Rural Development, Food and Drug
Administration, and Related Agencies Appropriations Bill).

Schweiger, B., Zadow, 1., Heckler, R., 2002, Antigenic drift and variability of influenza viruses. Med
Microbiol Immunol (Berl) 191, 133-138.



53

Skibbe, D., Zhou, E.M., Janke, B.H., 2004, Comparison of a commercial enzyme-linked immunosorbent
assay with hemagglutination inhibition assay for serodiagnosis of swine influenza virus (HIN1)
infection. J Vet Diagn Invest 16, 86-89.

Takemae, N., Parchariyanon, S., Damrongwatanapokin, S., Uchida, Y., Ruttanapumma, R., Watanabe, C.,
Yamaguchi, S., Saito, T., 2008, Genetic diversity of swine influenza viruses isolated from pigs
during 2000 to 2005 in Thailand. Influenza Other Respi Viruses 2, 181-189.

Tamura, S., Tanimoto, T., Kurata, T., 2005, Mechanisms of broad cross-protection provided by influenza
virus infection and their application to vaccines. Jpn J Infect Dis 58, 195-207.

Taubenberger, J.K., Layne, S.P., 2001, Diagnosis of influenza virus: coming to grips with the molecular era.
Mol Diagn 6, 291-305.

Vincent, A.L., Lager, K.M., Janke, B.H., Gramer, M.R., Richt, J.A., 2007, Failure of protection and
enhanced pneumonia with a US HIN2 swine influenza virus in pigs vaccinated with an inactivated
classical swine HIN1 vaccine. Vet Microbiol.

Vincent, A.L., Lager, K.M., Ma, W., Lekcharoensuk, P., Gramer, M.R., Loiacono, C., Richt, J.A., 2006,
Evaluation of hemagglutinin subtype 1 swine influenza viruses from the United States. Vet
Microbiol 118, 212-222.

Vincent, A.L., Ma, W., Lager, K.M., Gramer, M.R., Richt, J.A., Janke, B.H., 2009, Characterization of a
newly emerged genetic cluster of HIN1 and HIN2 swine influenza virus in the United States. Virus
Genes.

Vincent, A.L., Ma, W., Lager, K.M., Janke, B.H., Richt, J.A., 2008, Swine influenza viruses a North
American perspective. Adv Virus Res 72, 127-154.

Webster, R.G., Bean, W.J., Gorman, O.T., Chambers, T.M., Kawaoka, Y., 1992, Evolution and ecology of
influenza A viruses. Microbiol Rev 56, 152-179.

Wilson, LLA., Cox, N.J., 1990, Structural basis of immune recognition of influenza virus hemagglutinin.
Annu Rev Immunol 8, 737-771.

Zell, R., Bergmann, S., Krumbholz, A., Wutzler, P., Durrwald, R., 2008, Ongoing evolution of swine
influenza viruses: a novel reassortant. Arch Virol 153, 2085-2092.

Zou, S., 1997, A practical approach to genetic screening for influenza virus variants. J Clin Microbiol 35,

2623-2627.



MANUIN

miﬁHﬁu’EJINEN11'!3{]/8"]]’0\11?]Nmﬂuﬂ’liﬂimjm The 4" Congress of Asian Pig Veterinary

Society (APVS 2009 in Tsukuba) 347 26-28 §a1A1 2009

4 i

The 4" Congress of Aslan Pig Veterinary Society (APVS 2008 In Tsukuba)
website  hitp://apvs2009.0rg/

Secretariat of 4th APVS Congress Mational Institute of Animal Health
Kannondal, Tsukuba. Ibaraks, 305-0856 Japan
Fax : +81-20-B38-7774 Email ; apvs-info@apys2009,.0rg

Aug 10, 2009

Dear Drs. Donruethai Sreta’, Nantasak Musiksilp®, Reongroje Thanawongnuwech'
and Pravina Kitikoon'

It affords me pleasure 1o inform you that vour abstract APVS2009-0245 has been accepted
for ORAL presentation in the Workshop of APYS2009.
The eoordinator of the workshop will provide further details.
Please note that all participants including oral or poster presenters must register in advance.

1 do appreciate vour cooperation.
Sincerely yours,

Chairman, APYVS2008 Executive Committee
Masanon KEBO b

1, I
N Bt 07N A M
!



Serological study of HIN1 and H3NZ swine influenza virses from pigs in the high pig

population provinces in Thailand

Dum.e‘ﬂlm Syata’, Namtasd Musilsilp®, Rmngmje Than.mmn!lmn—'edl' and Pravina K_th]:mn

ool Theeok

'Depi. of Vtomay Patbckgy Facultyof ¥

TWetedn ey IﬂhﬂM&pm:CmﬂmqunL]‘:hiqu

Introduction
Inflomzz A vims 5 2 canse of epidemic respirgtosny dissase i
many smpecis indoding binds, humens and piz. Therefoss,
monitaging the vims ad immmalagicd respanse to the vims
will hdp zzin inposam data fr comtrolling the disess
Zwine influenza vims (3IV) camses an acmfs respirsony
diz=zse in pizs tha occasimally can be transmitted to buman.
Morsover, 5IV & e of e major virzl pathogen in addidm
to porcine repmdnctive ad rspisony symdome vims
W) tha contdtuts to the pordne sespirgony disezms
comple: (PEDC) (1) In Thailand, pig industey also facs the
PEDC poblem and thos sempravalence smdis of 31V @
Thziland have been mnduaed since 2003, Howaysr, the anly
cugrent seralogicad daa & avaldle in 2005 Q) and wpdas
data &5 naaded In dhis smdy, we provids an updas of de
seopravalace of SIV in pizs from the hish piz population
provines i Thailand dusing Toe 2008 to Rlzr 2008

MMateriak and method

5ix mndred and fifty seum sampls callectad from Fane 2008
to Alar 2009 from pigs in the op Hur povines tat have de
highest piz density in Thailad mclndimz Ratchabud,
Nakhon-Pahom, Chonburi and Chachosnssan sespedively
Hemagslutination ivhibition (HI) assay was nsad to evdnas
the antibody titer z=zinst HIN] and H3N2 SIV. HI test wa
performed, zccosding to WHD (3. All sera subjected fo test
with H3MD wvims wers trested with recgpior-dstoyvins
enzyme (FDE) and adsosbed with 50% chicksn rad blood
(RBLC) calls to remove non-spedfic mhikifors of azslutmation
and namrz] semm zsglutinms. Sarz sbjectsd o test with
HIMl SIV were absorbad with 50% REBC witont RDE

treatment. Positve 5 wa considersd whan HI titer was = 20
1

-
- mHINE
: I

1

Winiter

mH1N1
l HIMNZ

Weaning  Growing

Spositive
o 8 EE 3

[E]

Figurel Percantass of semposithve piss to HIM] and H3N2
EIV in eachseason (A) and each pigzoup (B *™ were
statistically diffegemt (=0 05}

®w M pamiifg
Haxa ez
Hoaichatwr . [ 1FL 22T ELAE (IR DAY
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Table 1. Percentazs of seropositive pizs o HIM] ad H3 IR
EIV in eachprovince. *® werastatistically &ifferent {p<0 .05

Results

Tzblz 1 shows the peromtass of pizs with positive antibody o
SIV in =ach provincs. It was demonstrated tha pizs m 2l
provincs wers posithre to both HIN] and H3MZ2 BIV.
Howarer, the parcantaze of piz positive o EB3MD wa
sinificanthy higher than HIN1 SIV (=001} Fignse 1 shavws
percentzes of sempositive pizs amzinst STV in (A 2zch s2=m
and (B) #ach pig sow. Datz shows tha 51V posithvs
antibodis wers fomd i pizs thoushont fhe year and in 2l
a2 groups tha was sumreyed In zddition, the r=uls from=zl
sampls showed tha pis had simmificandy higher levds of
mean HI smoge o ESN2 {HI titer to = 74623 0) than HIN1
{HI fiter = 16.2+16.3) {p<0.05). Percantzzs of amribodiss @
H3M2 showead tha the amount of seopositive pigs in Maom-
Pathom was significantly higher than Chonbus {p<001) and
Chachommas (p00]) However, the percmitzss of
seopositve pig to H3M2 was indiferant in eadh sesm and
age goup (p>0.05) On the gther hand, the percantaze of
seropositive pizs © HINL was no differsnt when omparad
betwem provinces, but sows had sisnificanthy highest percant
seropositivethan allother 322 monps.

Dizoedonand Condusion

This sdy indicates that 51 can be found @ all sesoms o the
four provincs with te hishst piz population in Thailand
Besnlts from Fane 2008 to Alar 2009 demonstraied that pizs
wers expased to both HIN1 and H3W2 SIV. Howarer, H3MZ
seropravalace was dominat over HINI, i omtrst to 2
previons spont condnotad @ 2005 (20 Our indings mdicatad
that H3N2 contimonsly cismlas smanzpiss i all 35= sroups
25 the perosm sempositive was over §5% o Al andyzad das
Althoush the mmber of ssropositive piss to HINL was
siznificamtly lower than H3N2, the presance of antibodies
2]l az= groups particulardly in sovws mdicats that this subtype i
5till present in the swine papulatiom of Thafland In snmamay,
EIV cominns w cirml¥s amoms pizs in the hishst piz
demsity area of Thailand  Thersfore, it & essentizl s contims
this fype of sunreilacs and o forther charactenizs the senetic
mzkenp of the vims s the nformation will contdbute & e
contm] FEDC and prevant pis-to-homan STV transmission.
Eeferences

L. Ememdary, BC amd Vam Rt 31909, Swine mffamrs In Semw =l
{eda), Dicney of Swme, 3% difcn, ko S5 Fooa, A, p 2772000 1.
Dewrngwetenspekin of ol 1006, The 1 06k FV3 Ceageen Freccoding,
Copembapen, Denmede. J09-LE

3. Witsaem = =, 3000, WO Mmmual o Amiored I & aomd
Surccillmes. World Healk Orgominsion, L5467,
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The MEANS Procedure

Variable N Mean Std Dev Minimum Maximum
strain 1273 1.5098193 0.5001000 1.0000000 2.0000000
province 1273 3.0054988 1.0011634 1.0000000 4.0000000
Tarm 1273 5.2482325 2.5870928 1.0000000 9.0000000
maon 1273 2.9033778 1.6051008 1.0000000 5.0000000
group 1104 1.8079710 0.6861470 1.0000000 3.0000000
age 1273 18.9748625 11.7877987 4.0000000 40.0000000
HI 999 107 .5575576 192.5585574 0 640.0000000
score 1004 2.6185219 2.2368832 0 7.0000000
percent 1004 0.6185219 0.4857464 0 1.0000000
season 1273 2.1523959 0.6120098 1.0000000 3.0000000
The SAS System 11:45 Thursday, July 1, 2009 42
fffffffffffffffffffffffffffffffffffffffffffffffffff strain=1 -------- -

The FREQ Procedure

Table of province by percent

province percent
Frequency
Percent
Row Pct
Col Pct 0 1 Total
1 31 40 71
5.21 6.72 11.83

43.686 56.34

2 39 27 66
6.55 4.54 11.09
59.09 40.91
12.04 9.96

3 128 103 231

21.51 17.31 38.82
55.41 44.59
39.51 38.01

4 126 101 227
21.18 16.97 38.15
55.51 44.49
38.89 37.27

Total 324 271 585
54.45 45.55 100.00



Frequency Missing = 29

Statistics for Table of province by percent

Statistic DF Value Prob
chi-square 3 4._.0931 0.2516
Likelihood Ratio Chi-Square 3 4.0805 0.2529
Mantel-Haenszel Chi-Square 1 1.4996 0.2207
Pni Coefficient 0.0829
Contingency Coefficient 0.0827
Cramer's v 0.0829

Effective Sample Size = 595
Frequency Missing = 29
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The FREQ Procedure

Table of province by percent

province percent
Freguency
Percent
Row Pct
Col Pct 1] 1 Total
1 17 38 55
4.16 9.29 13.45

30.91 69.09
29.31 10.83

2 11 45 56
2.69 11.00 13.69
19.64 80.36
18.97 12.82

3 8 158 166
1.96 38.63 40.59
4.82 95.18

13.79 45.01

4 22 110 132
5.38 26.89 32.27
16.67 83.33
37.93 31.34

Total 58 351 409
14.18 85.82 100.00

Frequency Missing = 240

Statistics for Table of province by percent

Statistic DF value Prob
Chi-Square 3 26.6438 <.0001
Likelihood Ratio Chi-Square 3 27.3518 <. 0001
Mantel-Haenszel Chi-Square 1 6.6853 0.0097
Phi Coefficient 0.2552
Contingency Coefficient 0.2473
Cramer's V 0.2552

Effective Sample Size = 409
Frequency Missing = 240



WARNING: 37% of the data are missing.
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The FREQ Procedure

Table of season by percent

season percent
Frequency
Percent
Row Pct
Col Pct ] 1 Total
1 38 26 64
6.39 4.37 10.76
59.38 40.63
11.73 9.59
2 205 160 365

34.45 26.89 61.34
56.16 43.84
63.27 59.04

3 81 85 166
13.61 14.29 27.90
48.80 51.20
25.00 31.37

Total 324 271 595
54.45 45.55 100.00

Frequency Missing = 29

Statistics for Table of season by percent

Statistic DF Value Prob
Chi-Square 2 3.1987 0.2020
Likelihood Ratio Chi-Square 2 3.1946 0.2024
Mantel-Haenszel Chi-Square 1 2.9738 0.0843
Phi Coefficient 0.0733
Contingency Coefficient 0.0731
Cramer's V 0.0733
Effective Sample Size = 595
Frequency Missing = 29
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The FREQ Procedure
Table of season by percent
season percent
Frequency
Percent

Row Pct



Col Pct 0 1 Total

1 4 5 55
0.98 12.47 13.45
7.27 92.73

6.90 14.53

2 <y 196 227
7.58 47.92 55.50
13.66 86.34
53.45 55.84

3 23 104 127
5.62 25.43 31.05
18.11 81.89
39.66 20.63

Total 58 351 409
14.18 85.82  100.00

Frequency Missing = 240

Statistics Tor Table of season by percent

Statistic DF Value Prob
Chi-Square 2 3.8193 0.1481
Likelihood Ratio Chi-Square 2 4.1090 0.1282
Mantel-Haenszel Chi-Square 1 3.7401 0.0531
Phi Coefficient 0.0966
Contingency Coefficient 0.0962
Cramer's V 0.0966

Effective Sample Size = 409
Frequency Missing = 240

WARNING: 37% of the data are missing.
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--------------------------------------------------- STrain=1 ---c-cmmmm oo ee e e
The FREQ Procedure

Table of group by percent

group percent

Frequency

Percent

Row Pct

Col Pct 0 1 Total
1 124 53 177

23.80 10.17 33.97
70.06 29.94
42.18 23.35

2 147 115 262
26.21 22.07 50.29
56.11 43.89
50.00 50.66

3 23 59 az
4.4 11.32 15.74
26.05 71.95
7.82 25.99

I
Total 204 227 521
56.43 43.57 100.00

Frequency Missing = 103



Statistics for Table of group by percent

Statistic DF Value Prob
Chi-Square 2 40.2429 <.0001
Likelihood Ratio Chi-Square 2 40.9323 <. 0001
Mantel-Haenszel Chi-Square 1 37.7254 <. 0001
Phi Coefficient 0.2779
Contingency Coefficient 0.2678
Cramer's V 0.2779

Effective Sample Size = 521
Frequency Missing = 103

WARNING: 17% of the data are missing.
The SAS System

--------------------------------------------------- strain=2

The FREQ Procedure

Table of group by percent

group percent
Frequency
Percent
Row Pct
Col Pct
1 27 161
7.16 42.71
14.36 85.64
49.09 50.00
2 24 133
6.37 35.28
15.29 84.71
43.64 41.30
3 4 28
1.06 7.43
12.50 &7.50
7.27 8.70
Total 55 322
14.59 85.4

Total

186
49.87

157
41.64

32
&6.49

g
100.00

Frequency Missing = 272

Statistics for Table of group by percent
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Statistic DF Value Prob
Chi-Square 2 0.1812 0.9134
Likelihood Ratio Chi-Square 2 0.1852 0.9115
Mantel-Haenszel Chi-Square 1 0.0030 0.9563
Phi Coefficient 0.0219
Contingency Coefficient 0.0219
Cramer's V 0.0219

Effective Sample Size = 377
Frequency Missing = 272

WARNING: 42% of the data are missing.
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The SAS System
The Mixed Procedure

Model Information

Data Set WORK._DS

Dependent Variable _z

Weight Variable _w

Covariance Structure Diagonal

Estimation Method REML

Residual Variance Mesthod Profile

Fixed Effects SE Method Model-Based

Degrees of Freedom Method Residual

Dimensions

Covariance Parameters 1
Columns in X 11
Columns in Z
Subjects 1
Max Obs Per Subject 624
Observations Used 521
Observaticns Not Used 103
Total Observations 624

Parameter Search

CovP1 Variance Res Log Like -2 Res Log Like

1.0224 1.0224 -1139.9032 2279.8064

Covariance Parameter

Estimates
Cov Parm Estimate
Residual 1.0224

Fit Statistics

-2 Res Log Likelihood 2379.8
AIC (smaller is better) 2281.8
AICC (smaller is better) 2281.8
BIC (smaller is better) 2286.0

Solution for Fixed Effects

Standard

Effect province season group Estimate Error DF 1 Value Fr > |t|
Intercept 1.1948 0.3241 513 3.69 0.0003
province 1 0.9645 0.3749 513 2.57 0.0104
province 2 0.3139 0.3733 513 0.84 0.4007
province 3 0.1005 0.2158 513 0.47 0.6415
province 4 0 e 5 e 5

season 1 -0.98970 0.4087 513 -2.44 0.0151

season 2 -0.4833 0.2272 513 -2.13 0.0339



Effect province
season
group
group
group

Effect province
province 1
province 2
province 3
province 4
season

season

season

group

group

group

Effect province season
province
province
province

province

[T

Effect province
province
province
province
province

PO b b

The SAS System

The Mixed Procedure

Solution for Fixed Effects

Ftandard
season group Estimate Error
3 1] =

1 -1.8747 0.3047
2 -1.2161 0.2821
3 0

Type 3 Tests of Fixed Effects

Hum Den
Effect DF DF F Value Pr >
province 3 513 2.25 0.08
season 2 513 4.08 0.01
group 2 513 18.99 <. 00

Least Squares Means

Ftandard

season group Estimate Error
0.6354 0.2947

-0.01517 0.2916

-0.2286 0.2127

-0.3291 0.2138

1 -0.4880 0.3252
2 0.02578 0.1781
3 0.5091 0.2078
1 -0.8288 0.1790

2 -0.1702 0.1503

3 1.0459 0.2657

Differences of Least Squares Means

group _province _season

[ I S (]

_group Estimate

0.6505
0.8638
0.9645
0.2134

Differences of Least Squares Means

season group _province _sea

[ER T XY

The SAS System

s0n

_group

DF t Value

513 -6.15

513 -4.31
F
16
74
01
DF t Value
513 2.16
513 -0.05
513 -1.07
513 -1.54
513 -1.50
513 0.14
513 2.45
513 -4.63
513 -1.13
513 3.94
Standard
Error DF
0.40%90 513
0.3710 513
0.3749 513
0.3727 513
Adjustment

Tukey-Kramer
Tukey-Kramer
Tukey-Kramer
Tukey-Kramer

Pr = |t|

<. 0001
<.0001

Pr = |t|

L0316
.9585
. 2831
L1243
L1342
5850
0146
L0001
. 2581
L0001

A AD OO OO OO

t Value

1.69
2.33
2.57
0.57

Adj P

0.3850
0.0830
0.0507
0.9403

Pr = |t|

0.1124
0.0203
0.0104
0.5672
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Effect province
province 2
province 3
season

season

season

garoup

group

group

Effect

province
province
season
season
season
group
group
group

eason

The Mixed Procedure

Differences of Least Sgquares Means

group _provine

4
4

e

(SN

_group Estimate

0.3139
0.1005
-0.5137
-0.9870
-0.4833
2 -0.6586
3 -1.8747
3 -1.2161

Differences of Least Squares Means

Standard

Error OF
0.3733 513
0.2158 513
0.4065 513
0.4087 513
0.2272 513
0.2125 513
0.3047 513
0.2821 513

province season group _province _season _group Adjustment
2 4 Tukey-Kramer
3 4 Tukey-Kramer
1 2 Tukey-Kramer
1 3 Tukey-Kramer
2 3 Tukey-Kramer
1 2 Tukey-Kramer
1 3 Tukey-Kramer
2 3 Tukey-Kramer
GLIMMIX Model Statistics
Description Value
Deviance 660.8677
Scaled Deviance 646.3759
Pearson Chi-Square 524.5015
Scaled Pearson Chi-Square 513.0000
Extra-Dispersion Scale 1.0224
The SAS System
The Mixed Procedure
Model Information
Data Set WORK._D3
Dependent Variable _z
Weight Variable W
Covariance Structure Diagonal
Estimation Method REML
Residual Variance Method Profile
Fixed Effects SE Method Model-Based
Degrees of Freedom Method Residual
Dimensions
Covariance Parameters 1
Columns in X 11
Columns in Z 0
Subjects 1
Max Obs Per Subject 649
Observations Used 377
Observations Mot Used 272

Value

-

0.84

0.47
-1.26
-2.44
-2.13
-3.10
-6.15
-4.31

Adj P

0.8348
0.9665
0.4164
0.0399
0.0855
0.0058
<. 0001
<.0001

0.4007
0.6415
0.2068
0.0151
0.0338
0.0020
<.0001
<. 0001
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Effect

Intercept
province
province
province
province
season
season

Effect

season
group
group
group

CovPi1

1.1641

province

E

province

Parameter Search

-2 Res Log Like

Variance Res Log Like
1.1641 -1023.5617
Covariance Parameter
Estimates
Cov Parm Estimate
Residual 1.1641
Fit Statistics
-2 Res Log Likelihood 2047.2
AIC (smaller is better) 2049.2
AICC (smaller is better) 2049.2
BIC (smaller is better) 2053.1
Solution for Fixed Effects
Standard
season group Estimate Error
1.4360 0.6702
-1.8624 0.5141
-0.4173 0.5421
1.4559 0.4769
0 5
1 2.6785 0.7403
2 0.5348 0.4304
The SAS System
The Mixed Procedurs
Solution for Fixed Effects
Standard
season group Estimate Error
3 0 .
1 -0.1276 0.6575
2 -0.5059 0.6647
3 0
Type 3 Tests of Fixed Effects
Num Den
Effect DF DF F Yalue
province 3 369 10.47
season 2 369 6.60
group 2 369 0.66

2047 .1634

DF TV
369
369 S
369 S
369

369
369

DF

369

Pr = F

<.0001
0.0015
0.5159

alue

2.14
3.62
0.77
3.05

3.62
1.24

t Value

-0.19
-0.76

Pr =

oo oo

[Tl

0328
0003
4419
0024

0003

.2149

Pr = |t|

0.8462
0.4471
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Effect

province
province
province
province
season
season
season
group
group
group

Effect province
province
province
province
province

[ R

Effect

province
province
province
province

Effect province
province 2
province 3
season

season

season

group

group

group

Effect

province
province
season
season
season
group
group
group

Least Squares Means

Standard
province season group Estimate Error
1 0.4335 0.4289
2 1.8786 0.5080
3 3.7518 0.4865
4 2,2959 0.3795

1 3.6974 0.6531
2 1.5536 0.3281
3 1.0189 0.3351
1 2.1735 0.3004
2 1.7952 0.3005
3 2.3011 0.6338

]

gdson

Differences of Least Squares Means

season group _province _season _group Estimate
-1.4451
-3.3183
-1.8624

-1.8732

[T S ]

Differences of Least Squares Means

province season group _province _seasom _group
1 2
1 3
1 4
2 3

The SAS System

The Mixed Procedure

Differences of Least Squares Means

group _province _season _group Estimate
4 -0.4173
4 1.4559

2 2.1438
2.6785
3 0.5348
0.3783
-0.1278
-0.5059

[

Differences of Least Squares Means
province season group _province _season _group
2 4
3 4

1 2

1 3

2 3
1 2
1 3
2 3

GLIMMIX Model Statistics

Description Walue
Deviance 266.3489
Scaled Deviance 228.8044
Pearson Chi-Square 429,5492
Scaled Pearson Chi-Square 369.0000
Extra-Dispersion Scale 1.1641

DF t Value
369 1.01
369 3.70
369 7.71
369 6.05
369 5.66
369 4.74
369 3.04
369 T7.24
369 5.97
369 3.63

Standard
Error DF

0.6675 369

0.6032 369

0.5141 369

0.6130 369

Adjustment
Tukey-Kramer
Tukey-Kramer
Tukey-Kramer
Tukey-Kramer
Standard

Error OF
0.5421 369
0.4769 369
0.6807 369
0.7403 369
0.4304 369
0.3608 369
0.8575 369
0.6647 369

Adjustment

Tukey -Kramer
Tukey-Kramer
Tukey-Kramer
Tukey-Kramer
Tukey-Kramer
Tukey-Kramer
Tukey-Kramer
Tukey-Kramer

Pr

O A AD A A A AN OO

> It

a128
0003
0001
0001
0001
0001
0025
0001
.0001
L0003

t Value Pr

-2.16
-5.50
-3.62
-3.086

Adj P

0.1351
<. 0001
0.0019
0.0128

t Value Pr

-0.77
3.05
3.15
3.62
1.24
1.05

-0.19

-0.76

Adj P

0.8680
0.0129
0.0050
0.0010
0.4290
0.5468
0.9794
0.7271

> 1t

0.0310
<.0001
0.0003
0.0024

> It]

0.4419
0.0024
0.0018
0.0003
0.2149
0.2951
0.8482
0.4471

65



66

a 7 Aaa P} Ay ¥ o JY A X = wa o a &
3. Wﬂﬂ”lﬁ?l,ﬂ51314ﬂ?ﬂﬁﬂ@]m@ﬂﬂlﬂyjﬂﬂqﬂﬂTﬂ'J@Qﬂ§$ﬁ\1ﬂsll'f)1/] 4 "])'\‘ll,ﬂl!ﬂ13ﬁﬂBTW1QU@]ﬂ15mﬂ15ﬁﬂL‘]f'f)
7

lindaluajgnigauluhiugns A uaz wisugns B

L)

Two sample T test analysis: HI score exposed VS non-exposed participants

from farm A
Oneway Analysis of swH1N1 score By Status

S
T
L

SsWH1N1 score

H

Exposed Nonexposed

Status

Oneway Anova
Summary of Fit

Rsquare 0.407172
Adj Rsquare 0.396585
Root Mean Square Error 1.30908
Mean of Response 1.396552
Observations (or Sum Wgts) 58

t Test
Exposed-Nonexposed
Assuming equal variances

Difference 2.13333 t Ratio 6.201806
Std Err Dif 0.34399 DF 56
Upper CL Dif 2.82242 Prob > |t| <.0001
Lower CL Dif 1.44425 Prob >t <.0001
Confidence 0.95 Prob <t 1.0000
T I T | T ] T | T | 1
-2 1 0 1 2

Analysis of Variance

Source DF Sum of Squares
Status 1 65.91264
Error 56 95.96667
C. Total 57 161.87931
Means for Oneway Anova

Level Number Mean
Exposed 28 2.50000
Nonexposed 30 0.36667
Std Error uses a pooled estimate of error variance
Means and Std Deviations

Level Number Mean
Exposed 28 2.50000
Nonexposed 30 0.36667

t Test

Exposed-Nonexposed

Mean Square
65.9126
1.7137

Std Error
0.24739
0.23900

Std Dev
1.71053
0.76489

Std Err Mean
0.32326
0.13965

F Ratio Prob > F
38.4624 <.0001
Lower 95% Upper 95%
2.004 2.9956
-0.112 0.8454
Lower 95% Upper 95%
1.8367 3.1633
0.0811 0.6523



Assuming unequal variances

Difference 2.13333 t Ratio
Std Err Dif 0.35214 DF
Upper CL Dif 2.84694 Prob > |t|
Lower CL Dif 1.41972 Prob >t
Confidence 0.95 Prob <t

Two sample T test analysis: HI score exposed VS non-exposed participants

from farm B

Oneway Analysis of K4(swH1N2)score By Status

K4(swH1N2)score
w

14 L] -
0+ . .
-1 T
Exposed Nonexposed
Status

Oneway Anova
Summary of Fit

Rsquare

Adj Rsquare

Root Mean Square Error
Mean of Response
Observations (or Sum Wgts)
t Test
Exposed-Nonexposed
Assuming equal variances

Difference 1.44667 t Ratio
Std Err Dif 0.26076 DF
Upper CL Dif 1.96581 Prob > |t|
Lower CL Dif 0.92753 Prob >t

Confidence 0.95 Prob <t

0.282944
0.273751
1.12914
2.9375
80

6.058277
36.82409
<.0001
<.0001
1.0000

5.547806
78
<.0001
<.0001
1.0000
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-20-15-10-05 .0 5 1.0 15 20

Analysis of Variance

Source DF Sum of Squares
Status 1 39.24083
Error 78 99.44667
C. Total 79 138.68750
Means for Oneway Anova

Level Number Mean
Exposed 50 3.48000
Nonexposed 30 2.03333
Std Error uses a pooled estimate of error variance

Means and Std Deviations

Level Number Mean Std Dev
Exposed 50 3.48000 1.23288
Nonexposed 30 2.03333 0.92786
t Test

Exposed-Nonexposed
Assuming unequal variances

Difference 1.44667 t Ratio
Std Err Dif 0.24310 DF
Upper CL Dif 1.93106 Prob > |t|
Lower CL Dif 0.96227 Prob >t
Confidence 0.95 Prob <t
| | | I I [ | | |
-20-15-10-05 0 5 1.0 15 2.0

Mean Square
39.2408
1.2750

Std Error
0.15968
0.20615

Std Err Mean
0.17436
0.16940

5.950927
73.90237
<.0001
<.0001
1.0000

F Ratio Prob > F
30.7782 <.0001
Lower 95% Upper 95%
3.1621 3.7979
1.6229 2.4438
Lower 95% Upper 95%
3.1296 3.8304
1.6869 2.3798
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Odds Ratio with 95% CI : Farm A human serum samples

2 x 2 Table Statistics
Single Table Analysis
Disease
(69} &
i+ 14 14 28
Exposure =) 1 29 30
15 43 58

Chi Square and Exact Measures of Association

Test Value p-value(l-tail) p-value(2-tail)
Uncorrected chi square 16.45 0.00002498 0.00004995
Yates corrected chi square 1411 0 00008640 00001728
Mantel-Haenszel chi square 16.17 0.00002901 0.00005802
Fisher exact 0.00004171 0.00008342
Mid-P exact 0.00002148 0.00004297

All expected values (row total®*column total/grand total) are >=5
OK to use chi square.

Risk-Based™ Estimates and 95% Confidence Intervals
(Not valid for Case-Control studies)

Point Estimates Confidence Limits
Type Value Lower, Upper Type

Risk in Exposed 50% 32636737 Taylor series
Risk in Unexposed 3.333% 0.0, 18.09 Taylor series
Overall Risk 25.86% 16.25,3847 Taylor series
Risk Ratio 15 2108, 106.7* Taylor series
Risk Difference 46.67% 27.07, 66.27° Taylor series
Etiologic fraction in 87.11% 63.32, 100
pop.(EFp)
Etiologic fraction in o
exposed(EFe) 93.33% 52.57.99.06

0Odds-Based Estimates and Confid Limits

Point Estimates Confidence Limits
Type Value Lower, Upper Type
CMLE Odds Ratio* 2738 4221, 6376 Mid-P Exact
3528, 1267! Fisher Exact
Odds Ratio 29 3458, 2432 Taylor series
Etiologic fraction in
90.11% 71.29, 100
pop.(EFp|OR) ’
Etiologic fraction in o
exposed(EFe[OR) 96.55% 71.08,99.59

*Conditional maximum likelihood estimate of Odds Ratio

(P)indicates a one-tail P-value for Protective or negative association; otherwise one-tailed
exact P-values are for a positive association.

Martin D; Austin H (1991) An efficient program for computing conditional maximum
likelihood estimates and exact confidence limits for a common odds ratio. Epidemiology
2.359-362.

1 95% confidence limits testing exclusion of 0 or 1, as indicated

P-values < 0.05 and confidence limits excluding null values (0.1, or [n]) are highlighted.
LookFirst items: Editor's choice of items to examine first.



Odds Ratio with 95% CI :

2 x 2 Table Statistics

70

Farm B human serum samples

Single Table Analysis
Disease
Q) &)
(&) 45 5 50
Exposure -) 8 22 30
53 27 80

Chi Square and Exact Measures of Association

Test Value p-value(1-tail) p-value(2-tail)
Uncorrected chi square 33.64 <0.0000001 <0.0000001
Yates corrected chi square 30.86 <0.0000001 <0.0000001
Mantel-Haenszel chi square 33.22 <0.0000001 <0.0000001
Fisher exact <0.0000001 <0.0000001
Mid-P exact <0.0000001 <0.0000001

All expected values (row total*column total'grand total) are >=5
OK to use chi square.
Risk-Based™ Estimates and 95% Confidence Intervals
{Not valid for Case-Control studies)
Point Estimates Confidence Limits
Type Value Lower, Upper Type
Risk in Exposed 90% 78.21,96.09 Taylor series
Risk in Unexposed 26.67% 13.98, 44.65 Taylor series
Overall Risk 66.25% 5533,75.68 Taylor series
Risk Ratio 3.375 1.851, 6.153* Taylor series
Risk Difference 63.33% 4546, 81.21° Taylor series
Etiologic fraction in 59.75% 3882, 80.67
pop.(EFp)
Etiologic fraction in o
exposed(EFe) 70.37% 4598, 83.75
Odds-Based Esti and Confidence Limits
Point Estimates Confidence Limits
Type Value Lower, Upper Type
CMLE Odds Ratio* 2328 7.142, 87.95¢ Mid-P Exact
6.381, 104 Fisher Exact
Odds Ratio 2475 7.248, 84 52! Taylor series
Etiologic fraction in
§1.48% 69.19,93.76
pop.(EFp|OR) |
Etiologic fraction in o
exposed(EFe|OR) 95.96% 86.2,98.82

*Conditional maximum likelihood estimate of Odds Ratio

(Plindicates a one-tail P-value for Protective or negative association; otherwise one-tailed

exact P-values are for a positive association.

Martin I); Austin H (1991) An efficient program for computing conditional maxinmmm
likelihood estimates and exact confidence limits for a common odds ratio. Epidemiology

2,359-362.

°193% confidence limits testing exclusion of 0 or 1, as indicated
P-vales < (.05 and confidence limits excluding mull vales (0,1, or [n]) are highlighted.

LookFirst items: Editor's choice of items to examine first.



