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SS2E =148

OPEN (J ACCESS Freely available online PLOS meoiaine

Streptococcal Toxic Shock Syndrome Caused
by Streptococcus suis Serotype 2

Jiagi Tang' ¥, Changjun Wang'¥, Youjun Feng™'®%,

Wﬂzhung "l"ang Hualdnng Song 9% Zhihai Chen’™
Hongjie Yu>¥, Xiuzhen Pan’, Hiaojun Zhou®, Huaru Wang Bo Wu®, Haili Wang Huamei Zhao', Ying Lin’,
Jianhua Yue', Zhengiang Wu’, Xiaowei He’, Feng Gao”, Abdul Hamid Khan™'?, Jian Wanga, Guo-Ping Zhao',

Yu Wangr, Xiaoning Wang?', Zhu Chen™”?, George F. Gao®

RESEARCH

Human Streptococcus suis
Outbreak, Sichuan, China

Hongjie Yu,” Huaiqi Jing,T' Zhihai Chen,I' Han Zheng,t Xiaoping Zhu,§ Hua Wang, Shiwen Wang,”
Lunguang Liu,§ Rongqgiang Zu,” Longze Luo,§ Nijuan Xiang,” Honglu Liu,§ Xuecheng Liu.§
Yuelong Shu,” Shui Shan Lee,# Shuk Kwan Chuang,”™ Yu Wang,” Jianguo Xu, Weizhong Yang,”
and the Streptococcus suis study groups?
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Table 2 Statistics of PCR detaction for 89K in 552

Straies Qdiging (Yearss) Lo tions Visderce

| Chinese trains of SS2 (30 i wom)

P 1719 Healty swine, 2006 Jangi, Qhea  Mindent

| STVHAI*  STSS patiens, 2005 Sidvan Qs Highl virdens
| O5TVHI6  STSS patiees, 2005 Sichcan, Chima  Highy virdent
L TMIE TS pamiees, 2005 Sivan, Chima  Highl virdens
L T4S STSS patiens, 2005 Sichan Chima Hghy virdest

- STSS patiens, 2003 Sihan Qhica Hghly virdem

b > E \ = P T STSS puiens, 2005 Sichuan, Oira  Hghly virdent

9 8 ,— O 5 \ j: * STSS paniens, 2005 Sihwan Chisa  Highl virdens

j /J\ D TWIM STSS pumiens, 2005 Sichcan, Qhima  Highly virdent

| TWHIS1  STSS patiens, 2005 Schwan Qs Hghy virdent

P TGOS Cied swine, 2005 Scvan Qma  Highy vindens

P I619 Cied swing, 2005 Shwan Oira Hohy viedem

racyi) Cled swing, 2003 Schan hira Hohy vindem

L 7622 Died swine, 2005 Schean Chiea  Highly vindent
| OSHASEE® Heaty swing, 2005 Jangw, Ohea  Adndlent
[ B » Heaty swine, 2005 Jang, Ohiva Ninden

(00
O
~
IIj2¢
f_%y
‘—I-d.
N
|
11
| 1

P OEUM Moty swing, 2005 Janga, Ohea  Adndent
| 05.1de  Hoaty swing 2005 Jangi, ONma  Adndent
| GBHAHI® STSS paiees, 1998 Jangi, hisa  Hghy vidlent
el STSS pniens, 1998 Jangi, Ohiva Hohy virdem
HALD STSS paniees, 1998 Janga, Ohica Hohy viedem
| 8002 STSS patiens, 1998 Jangw, Qhisa  Highl virdess
®yov STSS panlers, 1996 Janga, Ohiva Hohly vindem
D GBI STSS putiens, 1998 Jangw, Chima  Highly vindent
P B145Y  Died swine, 1998 Jangi, Qhima  Highl vindent
W|IEY Died swine, 1998 Janga, hiva Hohy videm
RCAE Shg Died swine, 1998 Jangs, Ohiva Moy videm
LIS Died swine, 1998 Jangk, Qhima  Highly vindens
" S0E” Swine, before 1998 rira Less vindient
0 g Swine, before 1998 hiva Less viedent
mremeronael steains of S52010 in tomd)
| 2996 Swire Holad irdern
sto Swine Holand Hohly viedem
: Swine Holand Kaodon
Wi Holand Hohy virdem
Swire Holand Hohly virdem
Wi Holand Hohy viedem
Swine Holand Hohly virdem
Holand Hohy viidem
Carmaca Hohy virdem
Geamary Hohy viedem
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Phylogenetics
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Highly Pathogenic H5N1 Influenza o o o S .

Virus Infection in Migratory Birds s s i snios and chl

J. Un,"*f H. Xiao,*** F. Lei,* Q. Zhu,® K. Qin," X.-w. Zhang,®
X Zhang,‘ D. Zhao_' G. Wan«g,: ‘y. Fcng,“ N ). Ma? W. Uu?
). Wang.® G. F. Gao®
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H5N | Outbreak Qinghai Lake
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08

ckAfghaista 120706
dkTavadl 06
GrebeTvval w806
grebeTyvaT 06206
grebeTrvaTrid6106
whooperswan Mongolia2dé
GrebeNovosibirsk2903
BarbdgfQinghail M5
BarbdgQinghaidls
Barbdginghaid%3
BarbdgQin ghaié 03
BarbdgQiaghai6103
BarbdgQinghaié Y3
BarbdgQinghaié 03
BarbdgQinghaié¥3
Barbdg:Qinghai 703
bridgellQnghai30s
EnQmghai3lis
GreatblhdCullQ ingh 2205
BarbdgQinghaié3
migratorvd Kfiaagril 3008
migratorvd kJiaagril 13603
ckMahachkala#306
barhdg:) mghA051005
[ BarbdgQizghail AK

l greatconmoran® inghai 03
Greatblbdguld) mghai 105

migratorvdkliaagxil 29303
barhdgQmghalls
barhdgQ mghs 43
whogperswanMamgolial 303
barhdgQnghal0s
barhdgQ mgha %3
barhdgQmghasis
bradmil)inghailds
barhdg) mgha30s
barhdgQinghal093
Greatblbdgul ) mghai 103
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A/Goose/Guangdong/1/96
AICK/HK/SE 1102
Alteal/China/2978.1/2002
] — . ATEQ/HK/T57.3/02

' Algoose/Guangxi345/2005
o7 — AJCk/ST/4231/2003

=

b

ygnus olor/Croatia/1/05
\ se/QOH/M ~ ®
.. ) 7 -
- 55
AD < VUV =
I A/MbIrd/QH/01/06 IS
AJduck/Novosibirsk/02/05
|4'_‘
A/GbhGull/'Q J
AJTur F*/ 1220
Aldomestic-Qoose 12/06
2w ~ Alchicken/Kurgan/3/05

Alchicken/lvory Co “,1. 7/06

A/chicken/Nigena/641/06
L] | ~ Alchicken/SudanyZ2115-906
&5

— Alchicken/Sudan/1784/06
—— Alwhooper-swan/Mongolia/6/05

A/mallard/Bav 1";‘1'1
A/mallard/italy

Countries across the flyway

AJcommon-bussard/Bavaria/2/2006
Cygnus olor/Czech Republic/5170/2006
Alturkey/Turkey .

— Alchicken/Nigena/S0494/2006

A/Chicken/Egyp/5612NAMRU3-S/2006
A/DNbout/S691TNAMR U3/ 2006
E AJGUCK/EQYpU2253-3/2006

0.01 nucieotide substitution
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NA: NJ tree NA: Bayesian tree NA: Parsimony tree

— AlGoose/Guangdong/ 126 — A/Goose!Guangdong/1/06 r AlGoose/Guangdong/ 106
1 AEGHKITST.A02 — AEYHK/TST.3/02 ~Alteal/China2878.1/2002
e ANealChina2676.1/2002 —_— A3l China’2973 172002 L AEgHKT57 202
Algoose/Guangai/345 2005 Algeose/Guangxi/345/2005 - Algoose/Guangx 3452005
ACKHKSS.1/02 ACRHKS9.1102 L ACkHK20.1/02
A/CK/ST4231/2003 — ACK/ST/423172003 ACK/ST/42312003

duck/Novosibrsk/0205
GBH-gul

L AlduckNovosirsk/02/05
—— Awhooper-swanMongola 605
Amallard/Italy835:2008
Alduck Egypt/2253-3/2000
Alchicken/Kurgan/32005
Alchicken/Nigeriat4 172008

L.

GE8H gu

Alduck/Novosibirsk/J205 — Alcypnus-olor/Croatia/ 172003

Amallard MalyB352008 -

fduck Egypt/2253-32008

Alwhooper-swanMongola®/os

Alchicken/Nigenat41/2006
AchickenKurgan/2/2005

Aihooper-swan'Mongolatos
AlchickenKurgan/ V2005
Alchicken/Nigeria'84 172006

Amallard/maly 8352006
Alcygnus-olor/Croatia/1/2005 Alduck/Egypt/2253-3/2008 Alcygnus-olor/Croatial1/2005

ABhGoose/QH0106 ABhGoose/0M/01

AMBra/QHO1/00 AGoNGUll' QRO
ABhGoose/QHI2/08 GH-goose

0.01 nucieotide substtuson A/GEhGul/QHID1/06 . ABhGoose/CHO2/08

GH-goose ANDrd/QHD1/08 AMbiIrd' QHO 1008
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PB2: NJ tree PB2: Bayesian tree PB2: Parsimony tree

A/Goose/Guangdong/1/86 A'Gocose/Guangdong/1/96 AlGoose/Guangdong/120
—— AtealChina/2078 12002 — Algoose/Guangi/345/2005 ~ Algoose/Guanga345/2005
L— AlgooseGuangx/345/2005 L— AreallChina/2878.12002 L Ateal/China/2076.1/2002

——— AICKHK6 1702
AEGHKITS7 302

AICKIST! vnmm . AICK/'STA221/2003 ACKHK95,1/102
&Hbu o A \.o ca r A.'CIL571'4231‘:OO3
A cnw-ce 102 [ L AEgHK/757.302

— Alduci/NovosbrsU2/0% Alcygnus-olor/Croatial 172005
GBsH-gull
— Alwhooper-swanMongola/6/05
— A/duck/Egypt2253-3/2000
[}= A'malard/Italy’33522006
_L—n chickenNgena941/2008
ichickenKurgan/3V2005

— Alcygnus-olor/Croatal1 2005

— A Er- 0058 C
: [ A/Mbre'QH0

BH-goose

Aduck/Novosibrsk/0205
GBH-gus
- o ‘

1 Alwhooper-swanMongolia/e/0% Alcuc/Novosibrsk/O20%
Alduck/Egypt/2253-2/2006 &L GBH.gul

A'malardMaiy 83572000
Alchicken/Nigeria/64 172008 A/BhGooseQHD1/08
— Alchicken®urgan/A2005
Alcygnus-clee/Croatia’1/2005
A/GbhGuUIlAOHA1/08 Almallard1Qly8252006
ABNGoosa/QH010¢ Alwhooper-swan/Mongolia /05
Eid-goose r AldudEgypti2253-3/200€
A :-"'-‘-'r:x?é.‘i'."!'-‘ 0206 Alchicken/Nigeria/54 1/2008
AlchickenvKurgan ZCOC

00! rucicctide sudsRution
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) GenVirol, 2008 (7S

6 Hungary # H5N1 AIV occurence in wild birds
/ Austna e H5N1 AIV occurence in pouitry

(1) East AsianvAustralasian fiyway

8 Swizeriand = Migratory birds flyway for propagation @ Central Asian flyway
9 Israel —» Migratory birds flyway for overwintering
10 Netherlands = Possible migratory birds fiyway in 2006 @ Black Sea/Mediierranean flyway

D VIpoUg 10 ySlIeysug2 e bo22mic udgol pra2 gwal 1 SN0E

]
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Alturkey/Turkey/1/2005
/ A/mallard/italy/835/2006 |

71 A/common bussard/Bavaria/2/2006
(1.00 —= / I A/mallard/Bavania/1/2006 |
/ | Abar-headed goose/Mongolia/1/05

/ 57 Awhooper swan/Mongolia/3/05 |
(099 A/domestic cat/Iraq/820/2006
e VinGiB | Avchicken/Ivory Coast/1787/2006 |
81
©50)

A= e e— — e— e— — e— e— — — —
/ — Alduck/Egypt/2253-3/2006 l
0.01 nucleotide substitution | [ A/Djibouti/5691NAMRU3/2006 |
% Alchicken/Egypl/960N3-004/2006
/ I A/Egypt/3105-NAMRU3/2006 |
FJ-like / -I —— A/chicken/Nigeria/S0300/2006

p A/chicken/Sudan/2115-12/2006

/ | — A/Migratory bird/Qinghai/01/06 |
A/Bar-headed goose/Qinghai/02/06

— A/Bar-headed goose/Qinghal/01/06

| A/Bar-headed goose/Qinghai/11/06 |

A/Great black-headed gull’Qinghai’01/06

77— A/Whooper swan/Qinghai/01/06 |

A/Greal black-headed gull/Qinghai/3/06

A/Bar-headed Goose/Qinghai/F/06 |

)A/Cygnus olor/Croatia/1/05

nus olor/AstrakhanvAst05-2-1/2005 |

A/great black-headed gui/Qinghai/12/06

A/Cygnus cygnus/iran/754/2006

A/chicken/Krasnodar/199/06 I

| e A/GUCK/ Tuva/01/2006

/ Guiyang

L‘{___'—_.f_:—._ >~ |indonesia Environment/Qinghai/317. '
(1.00) ~

= \ i |
Thailand-Vietnam
100
(1.MDE_£ ~ I ;e = y I
G _,—._—r e | | Amigratory duck/Jiangxi/2295/2005 |
o8 ‘_é Yun-Gui A b 0.01 nucleotide substitution
L (050 [_C \| o e e mE Yadn i @Y e e SE Neah
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Specimen Collection and Virus Isolation of
Qinghai Lake in 2009

o Specimen A/great black-headed gull/Qinghai/1/2009
A/great black-headed gull/Qinghai/2/2009

— 6 Great Black-headed Gulls A/great black-headed gull/Qinghai/3/2009

— 2 Great Cormorants A/great black-headed gull/Qinghai/4/2009
— 2 Brown-headed Gulls A/great black-headed gull/Qinghai/5/2009
e Virus A/great black-headed gull/Qinghai/6/2009

A/great cormorant/Qinghai/1/2009
A/brown-headed gull/Qinghai/1/2009
A/brown-headed gull/Qinghai/2/2009

— 9 jsolates
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EID50

Virus logEID.,

GBHGull/QH/1/09 =9
GBHGull/QH/2/09 -7.5
GBHGull/QH/3/09 -8.3
GBHGull/QH/4/09 -8.1
GBHGull/QH/5/09 -7.9
GBHGull/QH/6/09 -7

GC/QH/1/09 -8.3
BHGull/QH/1/09 -8.1
BHGull/QH/2/09 -8.5
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INTRAVENOUS PATHOGENICITY INDEX
(IVPI)

Virus
GBHGull/QH/1/09 3
GBHGull/QH/6/09 2.94

GBHGull/QH/1/09: highest EID50
GBHGull/QH/6/09: lowest EID50
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Antigenicity

Virus QHO5 MHOS8 QHO9
| QHO5 (2_2) 64 64 32
MHOS (2.3.2) 16 128 128
QHO09 (2.3.2) 32 128 256

Antisera (mouse) of

Virus QHO5 QHO09

QHOS 512 128

MHOS8 128 256

QHO9 128 512
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A_Great black headed gull_ Qinghai_1 2005 [NEcGEGEGEGERGEECEEENARGHAGHAGGH

Q G E R R R K K R G

A_Great black-headed gull_Qinghai_1 2009 [NEAGEAGEGAGEEGEECGEERA- - - AcHEGGE
R

Q R E R R R K G
A_Great black-headed gull_Qinghai_2_2009 [INEEGEGHEGHGERGEEGCGEEEE- - - BcEGcGH
Q R E R R R K R G
A_Great black-headed gull_Qinghai_3_2009 [NENGEGHGHGERGEEGEEEE- - - BGAGGH
Q R E R R R R G
A_Great black-headed gull_Qinghai_4_2009 [BNBAGAGHGAGEARGEAGEANA- - - AcAGGH
Q R E R R R K R G
A_Great black-headed gull_Qinghai_5_2009 [NENGEGEGHGERGEEGEARA- - - AGHAGGH
Q. R E R R R K R G
A_Great black-headed gull_Qinghai_6_2009 [SSAGAGEGAGEEGEACGEARA- - - AGAGGH
Q R E R R R K R G
A_Great cormorant_Qinghai_1_2009 ISSAGEGEGEGABGEAGENAA- - - AGAGGH
Q R E R R R K R G
BARAGAGAGAGHAGAAGAAAA- - - AGAGGHA
Q R E R R R K R 45
CLADE 2.2 627K
PB2 CLADE 2.3.2 627E
QHO09 627E
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Phylogenetics

nai La

nai La

nai La

e 2009
ke 2007, Pika (Zhou et al. 2009 |VI)

ke 2007-2008 (He et al. submitted to




HA
A_bar-headedgoose_Qinghai_3_2007

A_bar-headedgoose_Qinghai_2_2007

b A_chicken_India_NIV33487_06

;* A_migratoryduck_Jiangxi_2295_2005

A/Xinjiang/1/2006

| A_Egypt_2321-NAMRU3_2007
A_black-headedgull_Qinghai_3_2006 Clade 2.2

{{ A_bar-headedgoose_Qinghai_F_2006
A_cygnusolor_Croatia_1_2005

~ A_Greatblackheadedgull_Qinghai_1_2005

I+ A_black-headedgoose_Qinghai_1_2005

A_black-headedgull_Qinghai_1_2005

A_chicken_Yamaguchi_7_2004 | Clade 2.5
A_CKk_YN_115_2004 | Clade 2.4
A_Indonesia_546H_2006
A_Ck_HK_YU324_2003 Clade 2.1
A_Indonesia_CDC1046_2007
— A_Dk_HN_101_2004 | Clade 2.3.1
A_duck_Hunan_1265_2005
— A_peregrinefalcon_HongKong_5211_2006
e
A_whooperswan_Akita_1_2008
1 A_littleegret_HongKong_8863_2007
A_Greatblack-headedgull_Qinghai_1_2009
A_Greathlack-headedgull_Qinghai_3_2009
A_Brown-headedgull_Qinghai_1_2009
A_Greatblack-headedgull_Qinghai_6_2009
A_Greatcormorant_Qinghai_1_2009 Clade 2.3.2
A_Greatblack-headedgull_Qinghai_2_2009
— A_Greatblack-headedgull_Qinghai_4_2009
A_Greatblack-headedgull_Qinghai_5_2009

A_Brown-headedgull_Qinghai_2_2009

A/grebe/Tyva/3/2009
A/beangoose/Tyva/10/2009
A_commonmagpie_HongKong_5052_2007
A_greategret_HongKong_807_2008

+ — A_Japanesewhite-eye_HongKong_737_2007

—= A_Duck_Fujian_1734_05 ,
4+ L. A_commonmagpie_HongKong_2256_2006 Clade 2.3.4
— A_chicken_Guiyang_3570_2005 | Clade 2.3.3
A_VietNam_1203_2004
A_duck_Vietnam_283_2005
A_Muscovyduck_Vietnam_33_2007 Clade 1
A_HongKong_213_2003

_£ A_Environment_Qinghai_1_2008
» A_Goose_Guangdong_1_96
0.060
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NA

l iA_bar-headedgoose_Qinghai_3_2007
A_bar-headedgoose_Qinghai_2_2007

—e A_chicken_India_NIV33487_06

A_Egypt_2321-NAMRU3_2007

A_cygnusolor_Croatia_1_2005

[{ $A_black-headedgull Qinghai_3 2006 Clade 2.2

A_bar-headedgoose_Qinghai_F_2006

A_black-headedgull_Qinghai_1_2005
A_Greatblackheadedgull_Qinghai_1_2005

1 A_black-headedgoose_Qinghai_1_2005
A_migratoryduck_Jiangxi_2295_2005
——— A_chicken_Yamaguchi_7_2004 | Clade 2.5
‘: A_Ck_YN_115_2004 Clade 2.4
A_Dk_HN_101_2004 Clade 2.3.1
— A_Ck_HK_YU324_2003
\ _+—*A_Indonesia_CDC1046_2007 Clade 2.1
+ A_Indonesia_546H_2006
L3 A_chicken_Guiyang_3570_2005 Clade 2.3.3
{EA_duck_Hunan_l 265_2005

A_commonmagpie_HongKong_2256_2006
) — A_Japanesewhite-eye_HongKong_737_2007

4 ——= A_peregrinefalcon_HongKong_5211_2006
— A_Duck_Fujian_1734_05
_{:i\_greategret_HongKong_Bo 7_2008
A_littleegret_HongKong_8863_2007
~ A_commonmagpie_HongKong_5052_2007 Clade 2.3.2
—e A_whooperswan_Akita_1_2008 &
A_Greatblack-headedgull_Qinghai_5_2009 )
A_Greatblack-headedgull_Qinghai_6_2009 Clade 2.3.4
[ A_Greatcormorant_Qinghai_1_2009
—e A_Greatblack-headedgull_Qinghai_1_2009
Eo A/beangoose/Tyva/10/2009
A/grebe/Tyva/3/2009
—t t A_Brown-headedgull_Qinghai_1_2009
A_Brown-headedgull_Qinghai_2_2009
A_Greatblack-headedgull_Qinghai_3_2009

T e A_Greatblack-headedgull_Qinghai_2_2009

B '— A_Greatblack-headedgull_Qinghai_4_2009
A_VietNam_1203_2004
—*_._rv A_Muscovyduck_Vietnam_33_2007
) A_duck_Vietnam_283 2005
g+ A-Environment_Qinghai_1_2008 Clade 1
< A_HongKong_213_2003

— A_Goose_Guangdong_1_96
0.040
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Similar to

results from
Russia

Thursday, June 28, 12

Avian Influenza
(HS5N1) Outbreak

among Wild Birds,
Russia, 2009

To the Editor: Highly patho-
genic avian influenza (HPAI) virus
(H5N1) has been endemic in poultry
in Southeast Asia since 2003 (7). In
April 2005, an outbreak of influenza
virus (H5N1) infection was detected
in wild birds on Qinghai Lake in
western China (2). Subsequently. the
Qinghai-like (clade 2.2) HPAI virus
(H5N1) lineage was detected in wild
birds and poultry in many countries
(1.3.4). The source of these introduc-
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Clade 2.3.2 Avian
Influenza Virus
(H5N1), Qinghai

Lake Region, China,
2009-2010

To the Editor: In 2003, a large
population of wild migratory birds
was infected with highly pathogenic
avian influenza (HPAI) virus (H5N1)
i the Qinghai Lake region of western
People’s Republic of China, resulting
i the death of 10,000 birds (1,2). On
the basis of phylogenetic analysis of
the hemagglutinin (HA) gene, the virus
was classified as clade 2.2 according
to the World Health Organization
guidelines. Subsequently, viruses from
this clade were found in Mongolia,
Russia, Europe, and Africa along
the migratory flyways of birds (3.4).
This unique distribution of the same
clade of HPAI virus (HSN1) through
different migratory routes indicates
that migratory birds might play a global
role in virus dissemination (3.4).

In 2006, viruses from the same
clade wereisolated in the Qinghai Lake
region (3). Analysis of viral outbreaks
along migratory flyways demonstrated
a similar outbreak pattern for the past
4 years (2006-2009) (3). During that
period, clade 2.2 avian influenza
virus (H5N1) was isolated in China,
Mongolia, Russia, Germany. Egypt.
and Nigeria; all viruses were closely
related to the Qinghai Lake virus.
Despite the broad distribution of clade
22 viruses in migratory flyways,
few isolates of clade 2.2 viruses in
local domestic poultry were reported,
especially in China (6). Outbreaks of
these viruses were reported in poultry
in Africa (7). The reason these viruses
rarely cause outbreaks in poulfry is
unknown.

During May-June 2009 and 2010,
several dead migratory birds were
found in the Qinghai Lake region. Nine
HPAI viruses (H5N1) were isolated
m 2009 and 2 were isolated in 2010
from great cormorants (Phalacrocorax

carbo), brown-headed gulls (Chrico-
cephalus brunnicephalus), great black-
headed gulls (Ichthyaetus ichthyaetus),
great-crested  grebes  (Podiceps
cristatus), and bar-headed geese (4nser
indicus) and serotyped as described
(3). HA genes from all 11 isolates
were subsequently amplified by
using reverse transcription-PCR and
sequenced.

Phylogenetic analysis of HA
sequences and an additional HA gene
sequence from the 2009 Qinghai Lake
subtype H5N1 virus isolate from a
great crested grebe (from the National
Avian Influenza Virus Reference
Laboratory, Harbin, China) (GenBank
accession no. CY063318) showed
that HA genes from all 12 viruses
clustered as clade 232 (Figure);
none clustered with clade 2.2 viruses.
Additionally, the HA cleavage site in
the new isolates is PQRERRRKRG,
which is identical to that of clade 2.3.2
viruses. In clade 2.2, the cleavage site
is PQRERRRKKRG.

A bootstrap (1,000%) maximum
likelihood tree (8) also demonstrated
that Qinghai 2009 and 2010 virus
isolates are closely related to those
isolated in Mongolia and Uvs Nuur
Lake in 2009, as reported by Sharshov
et al. (3). Qinghai Lake and Uvs Nuur
Lake, which are found along the
migratory flyway in central Asia, are
major lakes for bird migration and
breeding. Many birds fly from Qinghai
Lake to Uvs Nuur Lake in the spring.

If one considers isolation date and
bird species infected, viruses isolated in
Mongolia and Russia and our isolates
were likely transmitted between the
2 lake regions by bird migration.
Moreover, HA sequences are closely
related to viruses isolated from wild
birds in Hong Kong and Japan during
2007-2008, which are the most
recent isolates of clade 2.3.2 viruses
before isolation of 2009 Qinghai Lake
viruses. These results indicate that
viruses in the Qinghai Lake region
may be transmitted by wild birds
along the migratory fiyway in eastem
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stent productive cough, who had
diographic abnormalities suggestive
TB. or who received TB treatment
i curreml) or in the 2 years
e g the survey. Persons had

in-depth interview that included
jestions on where they were treated

TB. Assessment of socioeconomic

was based on 9 household

ractenistics (7).

Mlssmg data were imputed by

: multlple imputation methods,

: g that these data were
gssing at random to adjust for
onparticipation and missing data
0 facility of TB treatment (8). We
ed the ice and mi commands i
fata version 11 software (StataCorp
P. College Station, TX, USA),
thich included age, area, zone, and
beioeconomic status.

Of the 103,924 eligible persons
selected districts, 94,179 (91%)
e screened, 7,498 were identified
having suspected TB. and 407

eported having been recently treated

TB: 316 (77.6%) in public

galth facilities (PHFs) reporting
ses to the NTP, 8 (2.0%) in PHFs
ot reporting cases to the NTP, and
9 (7.1%) i pnvate health care
ilities not reporting to the NTP.
fty-four (13.3%) did not provide
rmation about where they were
gated. Multiple imputation led to
justed proportions of 88.9%., 2.9%,
d 8.2%, respectively. Sensitivity
alyses. which assigned 54 persons
ith missing data for location of TB
gatment to PHFs or private clinics,
ulted in a range of 7.1%-20.3%
private sector treatment.

Charactenistics of participants by

of facility where they received

treatment are shown in the

ble. Women, younger persons, and

ssidents of southem Vietnam were

likely to seek treatment in the

te sector. Urban populations and

se with the highest socioeconomic

jatus were most likely to seek private

but these differences were not
jenificant (Table).
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