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'"HWHFWLRQ RI /RZ 3SDWKRJHQLFLW\
$+1 O9LUXV GXULQJ 'XFN ORUWDOLW
&DPERGLD

Annika Suttie, Sokhoun Yann, Phalla Y, &DPERGLD LV D ORZHU PLGGOH |

Sothyra Tum, Yi-Mo Deng, Vibol Hul, 6RXWKHDVW $VLD ZLWK D ODUJH VF
Viseth Srey Horm, lan Barr, Andrew Greendhill, RQ DJULFXOWXUH ,Q D WRWDO

Paul F. Horwood, Kristina Osbjer, LQ &DPERGLD KDG DJULFXOWXUDO K

Erik A. Karlsson, Philippe Dussart KRXVHKROGV UDLBR&OSRX\ODMH JHQH

LQ EDFN\DUGY RU RQ VPDOO VFDOH
In January 2017, an estimated 3,700 (93%) of 4,000 Khaki ELRVHEXULW\ 7KHUHIRUH SRXOWU\

Campbell ducks (Anas platyrhynchos domesticus) died in \
Kampong Thom Province, Cambodia. We detected low KDYH GHYDVWDWLQJ HFR Q R PLF FRQ

SDWKRJHQLFLW\ DYLDQ LQAXHQ]D $ + Q/Fgﬁfs Zlgﬂ%"%(g PLOC
SHVYLUXV GXFN SODJXH LQ WKH D;&(H\%gﬁ G%D‘R@ VODX‘]KWH
exact cause of the mortality event remains unclear. F K LENHQV D
UHSRUWHG WR KDYI—B GL$I€D(WI{lRIXBKL9R
PHDVXUHV IRU +3%, LQ &DPERGLD LQ
AYLDQ LQAXHQID YLUXVHV §, 9VVUDU\/"||<DQ/\H~LQ/\/VLL©/|*FHMMIQG’HVXVSHFWH(

VLQJOH VWUDQGHG 51% YLUXVHM QR YRDQOW HRX @6y ERFALIPE SRXOW L
DTXDWLF ELUGYV WHKH Q\[SWRIDJOO\U@'I{:‘QM:[@%MLQVDWLRQ PHFKDQLVP H[LV'
QRW FDXVH VHYHUH GLVHDVH LQ GRMHERWWHERKQVVRUK\W KREBNYUPRVW
$,9 VXEW\SHV + DQG + LQAXHQIDo$sRIXWWH\WVD ®YFIFPSBLUGY DV RI
EOH RI PXWDWLQJ WR IRUP KLJKOLQSM@QH@L,.FlDYﬂ-_@@HIVQAXI-rI@\MbOLW

+3%, YDULDQWYV WKDW FDQ FDXVH ¢ L&DV WHNORU IBINERMYE PO RDPE
GHDWK LQ SRXOWQ\DSRENMRQ HVWDEOLVKPHQW RI

$,9V LQ GRPHVWLF SRXOWU\ L QF Ufddstfdy WKH SUREDELOLW\ RI ]RR

QRWLF WUDQVPLVVLRQ WR KXPDQVg SHFH@W.- B $¥OHQ W L R QpK PYHIR B\
RQ + $,9V SDUWLFXODUO\ VXEW\SH r3dwkQrdKE- QD \MKRWPKEYIhO G XFN
EHFRPH HVWDEOLVKHG LQ GRPHVMWRP §BKQWIRHDQL FHDSHIDWOWHEHP ER
WUDQVPLWWHG WR KXXPQAXHQLIRBH IpSSHWLWH GHSUHVVLRQ ZHDNQ
DQG $ + 1 YLUXVHV KDYH DOVR EhHE WARHODROVRMWD-EY BB HR )L JIX
KLVWRULFDO SRXOWU\ DQG KXPDQplRQ HHAWMLFRWHIEQ (XURPH DQ G KK x
$PHULFDRYHUDOO WKH SDWKRJHQkKH RYPIRBERW I SRWHRREN zDV V
WLDO RI + VWUDLQV PDNHV WKHRyRx WLV DEWHLBAL ik ORE Lo WRGW K
SXEOLF KHDOWK FRQFHUQ RURSKDU\QJHDO DQG FORDFDO VZD
WKH DuUHFWHG GXFNV 7KH
$XWKRU D"OLDWLRQV ,QVWLWXW 3DVWHXLb )b&gﬁ%*l—#vglﬁﬂ%f §|_|'||Q/KHDUFK QVWLW
&DPERGLD $ 6XWWLH 6 <DQQ 3 < 9 +XQ 38yt VFUHHOLQJ IRU WKH SUHVH
($ .DUOVVRQ 3 'XVVDUW )HGHUDWLRQ §RQF Wiy WHW 1% XYY KHPPH WUDQVFULSWLF
9LFWRULD $XVWUDOLD $ 6XWWLH $ *UHggK/“\ﬁ%XE‘JD\&L)B%LD&P&;I':QI!?@ﬂ+H%O&WKYHUL F
and Production Research Institute, Cambodia Ministry of GXFWHG IXUWKHU DODO\VLYV ¢
$IJULFXOWXUH )RUHVWU\ DQG )LVKHULHV 3KQ§§L 3|-_HIQ66UI_7>)FPG :ER\U 7 3&5 WKDW
+HDOWK 2UJDQL]DWLRQ &ROODERUDWLQJ %I—I;?'\WLLWLI@LHngﬂJUIE%FﬁX D$ YLUXV 3
5HVHDUFK RQ ,QAXHQ]D OHOERXUQH 9LFV\{-B%VIP_|\;XIWI§CE_IQ\AFK0VW§ OHV LQ?HPEU
%DUU -DPHV &RRN 8QLYHUVLW\ &DLUdeéH@NQEQQD%W\HA@JDWLP@HP $ GXFN &D

3) +RUZRRG JRRG DQG $JULFXOWXUH ZUIjlb%]%Wélel &Iﬁlﬁé%ldVLHﬁ E 1F
IDWLRQV 3KQRP 3HQK . 2VEMHU +HDOWK 2UJDQL]DWLRQYV &ROODERL
2. KWWSV GRL RUJ HLG DQG 5HVHDUFK RQ ,QAXHQ]D OHOEF
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" Figure 1. Location of duck
mortality event and detection
RI LQAXHQID $ + 1 YLUXV L
Kampong Thom Province (gold
shading), Cambodia, January
2SHQ FLUFOH LQGLFDWH
location of the mortality event.

Thailand

Gulf of

Thailand Vietnam

South
China Sea

SHUIRUPHG ZKROH JHQRPH VHTXWEPDWLRQVKVRWDYHE BU$SIH FRQVWUX |
XVLQJ WKH ,RQ 7RUUHQW QH[W JNOMHVBRERWKVHTERRWVWUDNLSBUHSOLFD
SODWIRUP /LIH 7HFKQRORJLHV &DEWMEDGFLQY UFHWHDIDHG WKDW ERWK
DQDO\]HG 1*6 GDWD E\ XVLQJ &/&+ *HQRFAW\SRUNGEHQWK ¢ FDWLRQ RI + L\
KWWSV ZZZ TLDJHQELRLQIRUBDW LFYLRRPVIXBEKFWQ FOFDQG LQ
JHQRPLFV ZRUNEHQFK 6DQJHU VHEXGOWELEE DIRZKS BWKRIGNGLFLW\ $,9
VSHFL¢F SULPHUV ¢(OOHG LQ DQFXODWHQUF ILQJF K B8N HXRQIDRIGHSHK\WN F D C
7HFKQLFDO $SSHQGL[ 7DEOH KWWS\FIBGFVKDMWIR® Q,RI WKH JHQH VI
DUWLFOH 7HFKDSS SGI ODWMN %LRP' \&DFERGLD VKRZHG WKH K
PLQDWRU 5HDFWLRQ OL[ $SSOLH®L®LRD\WIMWHPWR)RYRK RVEKMY DQG IHO
&% 86$% RQ DQ $%, [/ *HQHWLF BQB O VYHWX \$$\8 FLHWEGEXODWLQJ LQ $VLD
%LRV\WWHPV ,3& LQ FRQMXQFWLR@ ZLWH MKHH URVVD GD+IQDVOKDKIHG JHQ
2UJDQL]DWLRQYV &ROODERUDWL QD \WHRPL D W HREU Z3.W K UIKHK@PH) DRDG/ IBM L Q &
VHDUFK RQ ,QAXHQ]D XVHG *HQHIRRXOLQH 7 BhEIR@DFMDWHYYSHDE L] )LIXUH
$XFNODQG 1HZ =HDODQG WR FROEBBWO 7+ ®HWBHOUPQ OHHE ERRWK LVROD!
TXHQFLQJ GDWD DOLJQ VWUDLQVD PRG FEDD/AHH @ RDWB XI® /L VWPBUNYLDQ
HUV ,3& VXEPLWWHG DOO VHTXHOHGNWLR kB GWDIWL RFF HRY WORVGF HS W L E
QRV 0* +0* RQOLQH 7HFKPRRLWDQ[$SERWBILY LRQ FKDQQHO LQKLE
7DEOH ‘H XVHG WKH PD[LPXP OLN%®EORRG PHROKRFX EDVHGDWD LQGL
RQ WKH JHQHUDO WLPH UHYHUVLE®H PREHQ QVR/ KIQWHWY SIIQ\WRIHQHF/3$,

Tablel. 6HTXHQFH VLPLODIQMXERWY HHQ WXV VKEGMDBHY DQG RWKHCamQd&rXHQ]D YLU

*HQH VHJP BWUDLQ ZLWK KLJKHVW VH_Position, nt Identity, % *HQ%DQN DFFHV
PB2 $ GXFN +XQDQ 6 + 1  1-2280 97 0)

PB1 $ GXFN +XQDQ 6 + 1 1-2274 97 0)

3% $ GXFN -LDQJJ[L + 1- 97 .3

+$ $ ZLOG ELUG -LDQJJ[L 1-1683 97 KP417103

NP $ GXFN 1KD 7UDQJ +  1-1497 98 /&

1% $ GXFN 9LHWQDP 2,¢ 1 4-1413 94 $%

MP $ GXFN +XQDQ 6 + 1 1-982 99 &<

16 $ GXFN 9LHW-QDP +8 1 1-838 98/99 LC070024

+$ KHPDJJOXWLQLQ 03 PDWUL[ SURWHLQ 1$ QH®BDRDFNWILGIWHIDG BAXFEORRPUHRWMHQ 3%6 St
PB2, polymerase basic protein 2.

1104 Emerging Infectious Diseases ¢ www.cdc.gov/eid « Vol. 24, No. 6, June 2018



/RZ 3DWKRJHQLFLW\ ,QAXHQ]D $ + :

Figure2. 3K\ORJHQHWLF DQDO\VLV RI WKH + KHPDJJOXWLQLQ +%$ JHQH $ DQG 1
isolated from ducks in Kampong Thom Province, Cambodia (boldface), and reference isolates. Trees were generated using the
PD[LPXP OLNHOLKRRG PHWKRG EDVHG RQ WKH JHQHUDO WLPH UHYHUVLEOH PRGHO %RR
VKDGLQJ LQGLFDWHYVY VWUDLQV IURP (XUDVLD EOXH VKBBHQUAD AL¢6G VGEBHW N VB UOQ NQWK DR
+ 1 VWUDLQV IURP &KLQD %ODFN GRWVY LQGLFDWH VWUDLQV IURP KXPDQ LQIHFWLRQV
LVRODWHY 6FDOH EDUV LQGLFDWH VXEVWLWXWLRQV SHU VLWH

QHXUDP

SUREDEO\ QRW WKH VROH FDXVDWKXYHHIWQEL ORW V XK \KHLB R PRJWN OL@
LW\ GXULQJ WKLY RXWEUHDN +RWHYHRWKE@IWHBRVRDEDHNED/WEK,RIHQV

+ 1 PLIJKW KDYH FRQWULEXWHG DVRG OLHOMWKHOUOQLDMO B U 1@V HRD WVLIQH VD F

Table2. *HQHWLF ULVN FKDUDFWHULVWLFV RI LQIOXHQ]D $ YLUXV VXEW\SH + 1 LVRC
$PLQR D Isolates in

*HQH VHIPHQW DQG ULVN IDFWRU change Cambodia Conclusionst Reference
PB2
Mammalian host range marker and increased viral pathogenicity E627K E $YLDQ VSH 9)
D701N D
+$
Multibasic cleavage site causing increased pathogenicity Multibasic 3(33.*5 */) Monobasic (20)
Increased mammalian receptor specificity Q226LF $YLDQ VSH (11)
G228St *
1%
5HVLVW D Q mhibiwrRntivirals + <t + 6HQVLWL (12
E119KT E oseltamivir
R292K R
MP

Resistance to M2 inhibitor antivirals 6HQVLWLY (23)

)
$ inhibitors
7

1

* O ¢ O~
+» << O X0 N

(
+$ KHPDJJOXWLQLQ O30PDWDWUSUBWRWGRILQ 1% QHXUDPLQLGDVH 3% SRO\PHUDVH EDVLF

TReceptor binding specificity and antiviral sensitivity is predicted based on sequence information and has not been experimentally confirmed.
$H3 numbering.

1 Qumbering.
IN2 numbering.

(PHUJLQJ ,QIHFWLRXV 'LVHDVHV ¥ Z2ZZ FGF JRY HLG f 9RO 1R - XC
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IRU WKH SUHVHQFH RI DQDWLG K$ B SHWMQGHG E\$MF $XVWERPLDQ *RYHU
PRQO\ NQRZQ DVIG XFRERSRDWKH FUDRIFDY\BHYRODUVKLS DQG D )DFXOW\ RI
VFUHHQHG ZHUH SRVLWLYH IRU $0® V8 DUFQ BWFKIR CDIUWHUS KIRRZPHYH GHUDWLR
HU GLUHFW FRPSDULVRQV WR VZBBOWKPSO R Y LFDVQLRRWE FEQHO PBREHD WL QJ
EHFDXVH QR LQIRUPDWLRQ ZDV B¥YBHDDEKORQR QAWH® IF RY 0 HODRXURE LV
EHWZHHQ VZDE VDPSOHV DQG GX%RMWRDOEDY VR YHUWIPHRQW LNSDUWPHQW |
NQRZQ WR FDXVH KLJK PRUWDOLW\ LQ GXFN ARFNYV JOREDOO\
LQFOXGLQJ LQ &DPERGLD DQG gd\%'ﬂlfl. I H LRQ ZLWK + 1

UXV DQG $Q+9 PLIKW KDYH FR

G
HQW DW
15 )URP VZDE VDPSOHV ZH FRQ(,DOP Vé{ UDV\?LRQS
$Q+9 LQ WKH + 1 YLUXVxSRVL WKH 9LUR
+ 1 YLUXVQHIJDWLYH GXFNV K

YHVWLIJDWLRQ UHYHDOHG WKDW \ﬁf@\ EE°
FLODWHG DJDLQVW $Q+9 ZLWK OIVH DFFLQH RQFH
WKH ARFN EHJDQ WR VKRZ VLJQV RI LOOQHVV &RQVHTXHQWO\
EHFDXVH $Q+9 YDFFLQH FDQ ERef@#HMSHFWHG E\ T57 3&5

XS WR GD\V SRMWDDBFQAQDVEHEQ ¢ FIHESWHY 2D HDQ :- *RUPDQ 27 &KDPEHUV 7
DYDLODEOH IRU YDFFLQDWLRQ EH|F€U3—PWB%8EQIGF“FFB%F"I#W LROXHBIR BYLW
UHFW FRQFOXVLRQV FDQ EH PDGH QLEFH)&W WHHLPMVR GHDWKIG FR@QWBUG L
EXWLRQ RI $Q+9 DQG + 1 WR WKH PIBYN P RW WD O)LoN \6 GORQVRUWLXP  QAXH
WKLV RXWEUHDN 7KH H[WHQW D QG '@ P W #H WOFHK DOUR KL IR H Kt Ry H U
QHHG WR EH LQYHVWLIDWHG IXUWKHGZHIT RL EXPRO LQIHFWLRE 20N ven

XVHV RWKHU WKDQ $ + 1 (XUR 6XUYHLO!
KWWS G[ GRL RUJ (6
Conclusions )RRG DQG $JULFXOWXUH $GPLQLVWUDWLRQ R

*LYHQ WKH HQGHPLFLW\ RI $,9V LQ+6R\§<LWK%‘BWX§9'E\MH vV4RY >FLWHG

FLDOO\ LQ &DPERGLD XQGHUVWDQéf\}ﬁjmwﬁ@f?B@mq%&gﬂ'%ﬁ%wwpw
IHFW RI $,9 LQ WKH UHJLRQ LV YLWDR®wLRQ MK AW KWWHKHRT 6 W MWLV IMFV oL
LGHQWL¢HG GXULQJ WKLV RXW E U H G2 OE AU ERHERH(BIPQRPHIGE MUR HE H O-R ZW H

SDWKRJHQLFLW\ DQG WKHLU UROH W%\DxZ\Zé\W/LLVYJrFYDNJMQ}WWWHL@%ﬁN 5H

PRUWDOLW\ UHPDLQV XQFOHDU FRlQJWSGngH P& W H &2 o w BWY Y BiLo
VXUYHLOODQFH DV ZHOO DV PROHH%OLD XCEV}%QMQE,WU#IRHQWLR@F@@@;
ULVN DVVHVVPHQW LV FUXFLDO WRWNVCSHQX/\ZZIQLVFJFRQWMJ(RL@ &EQ G SSWH B

YHQW $,9V LQ WKLV UHJLRQ )XUWKRYSZRUN LV HFHV \
WR XQGHUVWDQG WKH LQWHUSOD\ %k%&mgwﬁ&é? gﬁf VHY R 2F
SRXOWU\ WR GHWHUPLQH WKH HWLRORReRIQEILY & £f B Wb }L\w,\zmwmwa

LQ WKH UHJLRQ FR LQIHFWLRQV LQ SRXOWU\ (PHUJ ,QIHFW 'L
KWWS G[ GRL RUJ HLG

Acknowledaments +RUP 69 7DUDQWROD $ 5LWK 6 /\ 6 *DPEDUF

9 QWHQVH FLUFXODWLRQ RI' $ +1 DQG

‘H WKDQN WKH IDUPHUV IRU WKHLU FRRY&_P&NDN\VLB@&ZJIPWFKGBd@ MWK ELUG PDUNHW)

WHDP WKH ODERUDWRU\ DQG WHFKQLFBDLG\H-QEFFI RUJRREV\FK)IHQQ.IEDRCKRBDQ(DQWIFWLF

DW WKH ,QVWLWXWH 3DVWHXU LQ &DPERGL KIHCRHBBIWHD PYP LU
WKH 1DWLRQDO $QLPDO +HDOWK DQG 3‘(@%@%5&‘6’@%4&%?& wﬁé’g$@t§/ﬁ“&x HLFRXQ'

&DPERGLD OLQLVWU\ RI $JULFXOWXUH U4 VAU R G kWMKH Wd [HYR LDRUG

WKH )RRG DQG $JULFXOWXUH 2UJDQL]D®WMARQ RI WKH 8QLWHG 1DWLRQV
+DWWD 0 *DR 3 +DOIPDQQ 3 .DZDRND < ORO
7KLV VWXG\ ZDV IXQGHG LQ SDUW XQGHWLY FRIRIBIHK Y'WUXdH QPFW RHPHQIWRQJI + 1

ZLWK WKH 2vFH RI WKH $VVLVWDQW 6HFPHFHNREYH\ IRU KWMSD UH GBHRWYJ

DQG 5HVSRQVH LQ WKH 86 HSDUWPHQWVE&é I—EQB&N& WR G PROULEK 5 .DVERKP (
BHUYLFHV XQGHU JUDQW QXPEHU ,'6(3 oHWWHQOHLWHU 7& &RPSRVLWLRQ RI WKH Kl

KWWS ZZZ DVLGHSURMHFW RUJ DQG B U RVKHHR O RILE G- G HIDYQWHK PRW LI PHGLDWHV Y
2UJDQL]DWLRQ ,WV FRQWHQWYV DQG FRQFODNLPRGR DMWY RO WOAHW K&FL 5HS

UHVSRQVLELOLW\ RI WKH DXWKRUV DQ&#%ﬂﬁ%ﬁeﬁ%WVM% HoBYELP Qv zp

YLHZV Rl WKH 86 '"HSDUWPHQW RI +HDOWKy VMARMOWLYH GHVFULSW
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RI LQAXHQ]D $ YLUXV + KHPDJJOXWLQLQ JI/RBOQAMMVDWLYH 3&5 5HVKMWMWSEFIG] GRL RU

KWWS G[ GRL RUJ MRXUQDO SRQH M UYVF

6RQJ 0 6 ODUDWKH %0 .XPDU * :RQJ 6 6 SXEWXP $ 6DPNRO 3 7KLHPH 2 ,QYHVWLJIDW

=DQLQ 0 HW DO 8QLTXH GHWHUPLQDQWYV BQ G HODWDFPKUIQUIGDW B Q® IGDERLNCRLD J VXSSO\ L

UHVLVWDQFH DPRQJ 1 1 DQG 1 DYLDQ LSUARMHRWD QL ¥ WMV HILHM ORU SUHYHQW LR
+ KWWS G[ GRL RUJ -9, )RRG DQG $JULFXOWXUH $GPLQLVWUDWLRQ

$EHG < *R\HWWH 1 %RLYLQ * *HQHUDWLROFDWE G KDUDEFWHGL]RWWBQ RZZ IDR RUJ GF

UHFRPELQDQW LQAXHQ]D $ + 1 YLUXVHV BOUBRUS@I DPDQWDGLQH

UHVLVWDQFH PXWDWLRQV $QWLPLFURE $IJHQWYV &KHPRWKHU +

4IE<WWSQJG[ %T(IHSEJ?B DQJ$0$&*XR LD GGUHVV IRU FRUUHVSRQGHQFH 3KLOLSSH 'X
;o< ; 1 <
NLQHWLFV RI GXFN YLUXV HOWHULWLV $B§€§§AWL¥;@Q%536§M&L&%%R[ ORQLY

LPPXQL]HG E\ WKH PXFRVDO RU V\VWHP&RPERWKA xHABLOU X YWIPHW#SDVWHXU NK R

ety
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