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Tom lugc

St dung 240 trinh tw b gen day du cua cam A dugc thu thap tai Viét Nam (tir 2001 dén 2008)
chung t6i mudn tim hiéu quy luat ton tai va mé hinh di chuyén cua virus cum gitra Viét Nam va
cac nude khac. Chung toi da thiy rang cac dong virus & Viét Nam chi yéu du nhap dén/tir Trung
Qudc, Hong Kong, Pai Loan, Cam Pu Chia, Nhat Ban, Nam Han va My. Ching t6i ¢ gang
giam thiéu do sai 1éch do dia 1y bang cach tao ra ciy phan loai tir nhitng mau con & cip d6 nim
va qubc gia. Mic du vy, cac su kién du nhap trong nhitng cdy nay van bi kiém soat manh mé
boi sy hién dién hodc thiéu sot cua dit liéu cac trinh tu, xac nhan rz‘ing can phai thiét k& mot
nghién ctru dich té hoc kiém soat ti 1¢ nay dé déy manh viéc phan tich sy du nhap. Khi so sanh
v6i két qua phan tich ciia toan bo gen (8 phan doan), chung toi thiy rang hau hét cac su kién du
nhap cta virus khong duogc thé hién ddy du trong cdy phan loai ctia gen haemagglutinin (HA),
mic du két qua phan tich riéng 1é tir phan doan ndy van cho thidy mdi lién két tong thé giira cac
nude. Nghién ciru ciia chiing t6i chi ra ring nhiéu kha nang cac ching virus ciia Viét Nam co

thoi gian ton tai 1au hon 1 nam.



Phin Giéi Thiéu

Hiéu biét cac dong luc ctua cum ¢ nhitng khu vuc Nhiét d6i 13 rit quan trong dé hiéu biét dai dich
cim toan cau khi ma nhitng dong luc gitra cac khu vuc On déi va Nhiét d6i 1a c6 lién két chat
ch&. Céac nghién ctru phat sinh loai da chi ra rang Pong A, Pong Nam A, va cac khu vuc Nhiét
D6i 1a nhitg ngudn c6 tiém ning sinh thai cho sy luu théng cam toan cau (1,2). Tuy nhién, mot
s6 nghién ctru khac lai cho rang nhiéu ving dia Iy da dang c6 thé hoat dong nhu cac quan thé
nguén (3-5). Do do, vai tro cua cac khu vuc Nhi¢t doi ddi véi dai dich cam toan cau van chua
dugc khing dinh, va cac dit liéu chudi gen virus tir nhimg nude Nhiét déi dong vai tro rat quan
trong cho viéc hiéu biét cac tuyén du nhép cua bénh cim trong cac khu vyc Nhiét doi cling nhu

gitra cac nude Nhi¢t doéi va On dai.

Viét Nam 14 vi du dién hinh cho mét qudc gia Nhiét d6i co thé dong mot vai tro quan trong trong
dai dich cim toan ciu nhung lai c6 it thong tin vé dich cim va cAu tric quﬁn thé virus dugc biét
dén. Cac két qua khao sat trong diém chi ra rang bénh cum ¢ Viét Nam thuong c6 1 dén 2 dot
cao diém mdi nim, nhung ké ca dit liéu vé cac bénh giéng cum (ILI) hay dit liéu x4c nhan virus
cling khong chi ra dugc mot mé hinh theo mua don gian; s trudng hop duoc xac nhan cam co
xu hudng bién dong nhiéu hon sb ca ILI (6,7). Cac nghién ctru huyét thanh hoc chi ra rang ti 16
mac cam hang nim ¢ Viét Nam vao khoang 17% dén 26% (8). Do dan s6 Viét Nam c6 céu trac
tuong d6i tré nén cac mo hinh tién lugng co sir dung ti 1& tiép xtc (qua giao tiép) déu cho thay
hau hét cac trudng hop nhiém cim nam trong nhom tudi tré (9,10). Vi mat do dan s cao va cac
lién két du lich manh m& dén Dong A, bong Nam A, Uc/New Zealand, Viét Nam (cling giéng
nhu nhiéu nuéc Dong/Dong Nam A khic) ¢6 kha nang 1a mot ngudn phat tan virus cim toan cau
vi day 1a moi truong thudn lgi cho viée luu thong lién tuc va quanh nam ctia mot dong cum duy
nhat. Kha ning ton tai va phat tan lién tuc, sau ddy, dugc chung t6i dinh nghia nhu “tinh bén

viing” cda chung virus cam.

Céc nghién ctru phat sinh loai trén cim da chimg minh sy pha tron cta nhiéu dong virus & muic
d6 toan cau (3,4,11), virus & ving 6n doi thuong thiéu “tinh bén viing” (1,2,11,12), trong khi céc
ching cum & viing can nhiét d6i co xu huéng it bi thay thé hon (5,13). Nghién ciru ¢ cac nudc
nhiét d6i (trir nghién ciru s6 [14]) déu cho thay rang ciim & viing nhiét d6i khong c6 mua rd rang

nhu ¢ vung 6n doi(15-19), cim ¢ cac nudce nhi¢t doi céd theé luu hanh lién tuc trong suot ca nam



(20,21); tuy nhién, trong 2 nghién ctru gan [20] va [21] cac phan tich phat sinh loai khong duoc
thuc hién. O day, chung toi trinh bay cac phan tich phat sinh loai ctia 240 chudi trinh ty ciim tir
Viét Nam, mau duoc thu thiap boi Hé Théng Giam Sat Trong Piém Qudc Gia tir nim 2001 dén
2008 (6). Chung t6i xac dinh d§ manh tuong dbi cua cac lién két du nhdp cam gitta Viét Nam va
phan con lai ctia thé gidi, va chung t6i ¢b ging gii thich nhiing két qua nay trong bdi canh ciia
d6 léch thong ké giy do qua trinh ldy mau giy ra (s6 luong mau dai dién cho mdi nim va mdi
ving dia 1y khong dong déu) 1a khong thé tranh khoi. Dua trén viée thu mau thudng xuyén trong
nam 2007 va 2008, ching t6i danh gia liéu rang chung virus cim cé tinh bén viing & Viét Nam
trong subt giai doan nay khong. Mic du véy, chung toi khong thé két luan chéc chan liéu rang

Viét Nam nhan virus tir cac nudc khac hay 1a ngudn phat tan virus ra toan cau.

Hiéu biét cac m6 hinh lan truyén va tinh bén vimng ctia cim toan cau 1a rat quan trong cho viéc
duy tri mét tién trinh lya chon c6 tinh phdi hop va hiéu qua déi v6i vac-xin cam. Nhitng lya chon
cho cac thanh phan vic-xin trong tuong lai s& phu thudc vao nhimg mau duoc thu thip gan day
va nhitng hiéu biét vé& su dong gop cia timg ving dbi v6i su luu théng cim toan cau s& gitp dua

ra cac quyét dinh dua trén nhiing virus dén tir cac khu vuc c6 két ndéi manh hoac két noi yéu.



Cac phwong phap

MAu. Miu phét miii hong (NPS) hoic mau phét hong (TS) dugc thu thip tir cic bénh nhan c6
biéu hién gidng cum (ILI) tai cac bénh vién tham gia vao Hé Théng Giam Soat Cim Qudc Gia
ctia Viét Nam, tir ndm 2001 dén nam 2008. Mau bénh phérn duoc kiém tra cam A, B va céac dong
cam H1, H3, H5 bang phuong phap RT-PCR sir dung primers, probes va cic hoa chat dugc
khuyén céo bdi cac t6 chitc CDC va WHO. Cac mau duong tinh sau d6 duoc chon lira dé phan
1ap virus va nhitng virus duoc phan lap dat dén nong do 1:8 trong thi nghiém haemagglutination
(8HAUSs) s€ dugc chon dé phéan tich trinh tu. Toan b mau phan 13p dugc phan dong st dung thi
nghiém haemagglutination vi cac khang nguyén va khang thé tir bo thir duge khuyén ding boi
WHO. Toan bo 242 méiu dugc chuyén dén Du an Trinh Ty Gen Cim tai Vién Stc Khoe Qudc
Gia My dé giai trinh tu boéi Vién J. Craig Venter (JCVI). Mot miu khong thé giai duoc trinh ty
va moOt mau bi nhiém d3 bi loai khoi viéc phan tich. Dt liéu cudi cung bao gém 240 trinh tu cua
chung H3N2 (n=145) va HIN1 (n=95). S5 ky hiéu nhip vao GenBank 1a CY103972-CY105893.

Bang 1 chi cac so va vi tri cua virus.

Bang 1. Sé lwong virus cim dwoc gidi trinh tw, 2001 - 2008

Dong virus, Nam
Khu vyee dia ly 2001 2002 2003 2004 2005 2006 2007 2008
H3N2
Mién Bac 1 0 4 18 4 0 66 0
Mién Trung 0 0 9 2 19 1 8 13
Mién Nam 0 0 0 0 0 0 0 0
H1N1
Mién Bac 6 2 24 0 1 6 0 6
Mién Trung 0 0 1 0 2 4 0 36
Mién Nam 0 0 0 0 0 6 0 1

Thiét 1ap Dir li¢u. Dé tién hanh cac phan tich phat sinh loai theo ving dia 1y, cac trinh ty cua
virus cum cua ca 2 chung HIN1 va H3N2 dugc dua vao 2 nhém dir liéu: mdt “dir liéu khu vuc”
g@)m trinh ty cua toan bd 8 gen cua virus tir Chau A va Uc/New Zealand (ANZ), va mot “dir liéu
toan cau” gdm 50 tdp miu con cia gen haemagglutinin (HA) (xem Cac phuwong phép bo sung dé
biét thém chi tiét). Cac tdp mau con duoc tao ra béng cach chon ngau nhién 12 trinh ty trén mot

khu vyc dia ly trén nam.

Phin tich phat sinh loai. Cac day trinh ty duoc giong cot bang phan mém MUSCLE v3.8 (23).
Céc cdy phan loai dugc xdy dung bang phuong phap tim wdc lwong hop 1y cuc dai (Maximum
Likelihood — ML) — thuc hién bang phan mém RAXML — véi 2000 bootstrap (24,25). Bdi véi




cac tap hop dir liéu ctua gen HA, thong tin ngay ldy mau duoc sir dung dé dung cdy phan loai
(bang phan mém BEAST v1.6.2 (26)).Dong hé phan tir khong nghiém ngit (phan phdi
lognormal khong twong quan) dugc dung dé ude tinh téc do dot bién cta virus. M6 hinh thay thé
cac nucleotide 1a SRDO6+HKY85+T"; cac md hinh nhan khau hoc duoc st dung bao gém: quy

mo déan sb khong doi va Bayesian skyride (xem phu luc).

Phéan tich di cw theo khu vwe. Phan tich di cu dugc hoan thanh thong qua viéc st dung mét
phuong phap hdi qui tuyén tinh trong géi PAUP*(27,28). 2000 cy bootstrap va cay ML tdt nhat
duogc suy ra béi RAXML dugc doc trong PAUP" véi cac trinh tu nucleotide dugc thay thé boi cac
ma vi tri ki ty don da dugc dinh nghia (Bang S2 va S3). Cac thay doi trong ma vi tri dugc 4nh xa
1én cac nhanh cay str dung tiéu chi hdi qui tuyén tinh ACCTRAN (28). Do kha ning tai to hop
gitra cac phan doan RNA cua virus cum, cac phan tich trén dugc thuc hién véi toan bd 8 phan
doan gen dé xac dinh xem lich st di cu c6 gi khac biét khi quan sat nhitng phan doan gen khéc
nhau. Khi st dung phuong phap xac dinh thé kham 14n phuong phap phéan loai tiéu chuan, tin
hiéu tai td hop manh déu duoc xac dinh (29) (xem Tu liéu bd sung va Hinh S2).

Phan tich di cu toan ciu. Dé lam phép so sanh, mot phan tich di cu tuwong tu duogc thuc hién
trén 50 tap mau con cta dir liéu toan ciuctia H3N2 va HINI1. Mot ma tran di cu duge xay dung
dé dién ta sb luong cac két ndi gitra 27 (H3N2) hodc 29 (HIN1) ving dia 1y duoc xac dinh trude.
Phan mém Gephi (30) dugc sir dung dé mo phong cac két ndi trong ma tran. Pdi véi cac ving co
du mau, khoang cach tbi thiéu dén cac than cay cta su phat sinh loai du tién dugc tinh toan cho
toan bg 50 cay mau con (chi cho H3N2), dé xac dinh néu cac virus tir cac khu vuc khac c6 thé

duogc dién ta nhu 14 t6 tién (gan than cay) hodc 1a c6 ngudn gdc (xa khoi than cay).



Cac két qua

Sw di chuyén ciia H3N2 trong khu vire chiu A va chau Pai Duong (qua phan tich gen HA)
Mébi quan hé giita trinh tw H3N2 Viét Nam va cdc mau virus khac trong khu vuc chau A va chau
Dai Duong dugc thé hién trong Hinh 1. Mau dai dién cua VN c¢6 & tit ca cac nam tir ndm 2003
dén 2008, ngoai trir ndm 2006 khi HIN1 chiém wu thé. Virus duogc phan 13p cua Viét Nam co
mdi quan hé gan giii véi virus phan 1ap ctia Hong Kong, Pai Loan, Singapore va Uc / New
Zealand. Hai muoi sy kién di cu “hdi quy tuyén tinh” duoc suy ra tir cay nay, chin cho thiy su di
cu VN-HK, bay cho théy su di cur VN-ANZ, hai cho théy su di cr VN-TW, va ¢6 mot su kién di
cu duy nhit véi Han Qudc va Qatar. Mot cach rd rang, nhu HK (68 trinh tw) va ANZ (> 500
trinh tu) dugc thay rd trong dit liéu khu vue, ti 16 16n vé sy di cu VN ¢6 lién quan dén hai khu
vue ndy. Luc dau khi chung t6i khong chic chin mic d6 chinh xac ma ciy phat sinh loai theo
khu vuc dia ly co thé phan anh chan thuc mé hinh di chuyén cua virus cim tai Viét Nam, ching
t6i da thuc hién mot quy trinh xéac thuc dé kiém nghiém ti 1& di chuyén toan cau cta cim H3N2
Viét Nam dugc tim ra trong cdy phat sinh loai khu vuc (xem Phu luc). C6 khoang 70% su kién di

chuyén ctia H3N2 trong phén tich toan cdu ciing duoc tim thiy trong cay khu vuc.

— AW
TV Cick 2007w 2008 WN Jan—Jun 2007

ANZ May—Aug 2005 HE Mar=Jul 2005

WM Jun 2005-0ct 2007
= TW Jan-Jul 2007

ANZ Apr-Sep 2005
ANZ Jul 2004—Jan 2005 | M VN Aug-Oct 2005

VN Sep 2003-Jun 2005
1 2003

SG
HK Mar 2004-Jan 2005
ANZ Sep-Oct 2004

ANZ Jun—Qct 2003

HIS Jen-Mar 2004
VN Jun 2003—Jan 2004 °C ;

n

ANZ 2000/2001

ANZ 2002

nim

Hinh 1. Cay phan loai (phan doan hemagglutinnin — dwng béng phuwong phap tim wéc lwong hop ly cwc dai) cla 787 trinh ty H3N2
thu thap tr khu vuc chau A va chau Pai Dwong. Dong A/Canterbury/179/1999 dwoc chon lam gbc phat sinh loai. Gia tri bootstrap

VN Feb 2007=Dec 2008



dwoc thé hién trén cac ndt trong diém. Cac nhanh dwoc t6 mau theo ving dia ly: 6 — Viét Nam; tim — Uc hodc New Zealand;
xanh da tr&i — Héng Kéng; xanh |4 — Dai Loan; cam — Singapo. Ngoai 2 nhan “VN Jun 2003-Jan 2004” (dai dién cho cac virus &
sat trén nod) va “ANZ 2000/2001” (dai dién cho 2 nhanh virus & dwéi va trén nd), cac nhan con lai thé hién thong tin cho dong virus
& bén canh (trai ho&c phai) chung. Tén cac qudc gia dwoc viét tat: KG — Kyrgyzstan; VN — Viét Nam; JP — Nhat; KR — Han Quéc;
QA — Qatar; KW — Kuwait; TW — Dai Loan; HK — Héng Kong; ANZ — Uc va New Zealand. Thwéc ti 1& thé hién tn sut bién dbi (trén
1 nucleotide) (rng v&i d6 dai cia méi nhanh trén cay.

Sw di chuyén ciia HIN1 trong khu vwe chau A va chau Dai Dwong (quan phan tich gen HA)
Méi quan h¢ giira cac trinh tg HIN1 Viét Nam va cac virus ¢ khu vuc khac dugc thé hién trong Hinh 2.
Mau dai dién cho VN ¢6 ¢ cac nam tir nam 2001 dén nam 2008, ngoai trir nim 2004 va 2007. Mudi su
kién di cu hodi qui tuyén tinh duoc suy ra tir cay nay, sau cho thay sy di cu giira VN-TW, hai cho thdy
VN-JP, va hai cho thdy su di cu gitta VN-ANZ. Ciing nhu trong phan tich déi v6i H3N2, nhitng lién két
di cu tuong Gng voi cac virus da dugc giai trinh ty tir khu vuc trong sudt giai doan 2001 - 2008.
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Hinh 2. Cay phan loai (phan doan hemagglutinnin — dwng béng phuwong phap tim wéc lwong hop ly cuc dai) ctia 300 trinh tw H1N1
thu thap t&r khu vie chau A va chau Dai Dwong. Dong A/ New Caledonia/20/1999 dwoc chon lam gbc phat sinh loai. Gia tri
bootstrap dwgc thé hién trén cac nét trong diém. Cac nhanh dwoc t6 mau theo ving dia ly: dé — Viét Nam; tim — Uc hodc New
Zealand; vang — Nhat; xanh a4 — Dai Loan. Cac nhan thé hién théng tin cho dong virus & bén canh (trai hodc phai) ching. Tén cac
quéc gia duoc viét tat: JP — Nhat; VN — Viét Nam; TW — Dai Loan; ANZ — Uc va New Zealand. Thuéc ti & thé hién tn suat bién ddi
(trén 1 nucleotide) (ng véi dd dai cia mbi nhanh trén cay.

Mb hinh di chuyén ciia ciim qua phén tich toan bd gen. Khi cdy khu vyuc chi bao gdbm cac

trinh ty ma toan b bo gen da co san, mod hinh di cu dugc so sanh mot cach hé thong trén tat ca



tdm phan doan cua virus cim. Béi vi virus cam tai sép xép, cac su kién lich st khac nhau sé
dugc nhin thay trong céc phat sinh loai suy ra riéng trong tdm phan doan virus. That vay, dbi véi
dir liéu H3N2, ching t6i quan sat trung binh ctia 14 sy kién di cu hdi qui tuyén tinh déi voi phan
doan NA va trung binh ctia 41 ddi v&i phan khuc MP, v6i cac doan khac ndam dau do & giira
(Bang 2). Mot 1an nita, phan 16n cua su di cu 1 véi ANZ va Hong Koéng, diéu nay chi ra rang mo
hinh di cu twong ty qua cac phan khic, tham chi miac du c6 sy khac nhau vé s6 luong cua sy di
cu va su khac nhau cta cac su kién di cu ca nhan n6 van c6 thé duoc nhin théy thong qua vi¢e
phan tich cac phan khuc khac nhau. Ddi v6i cac phan doan MP va NS ciia virus H3N2, s6 luong
16n cac su kién di cu co thé 13 két qua cua sd lugng 16n cac nat hinh hoc lién két khong chéc
chén va cac nat polytomic trong nhiing cdy nay phai duoc giai quyét mot cach ngiu nhién dé tinh
toan sb luong cac su kién di cu — vi du céc trinh ty tor mot quéc gia co thé nham 14n tron véi cac
trinh tyu tir cac nude khac, do d6 tao ra mot s su kién di chuyén nhan tao trong cac phan tich hoi
qui tuyén tinh. Sy tu tin thap trong cac lién két di cur VN-SG cho virus H3N2 c6 thé 1a do sé
luong nho cac trinh tu bd gen co ¢ Singapore, tat ca déu duoc thu thap trong nam 2003. Dbi véi
cac vi rat HIN1, chiing t6i quan sat tir sau dén mudi sau su kién di cu trén cdy suy ra trong tam
phan doan riéng 1é (Bang 2). Trong cac dit liéu bootstrapped, cac két ndi di cu VN-TW va VN-
JP xuét hién xép X1 béng nhau, mic du thuc té 1a cac cay ML tdt nhat chi ra sau két ndi VN-TW
va hai két néi VN-JP. Két ndi di cu giita Viét Nam va ANZ c6 vé 1a hoi yéu. Diéu nay co thé 1a
do viéc thu mau it hon dang ké d6i cta virus ANZ trong dir liéu HIN1. Mot sb luong ting 1én
cac su kién di cu ddi voi cac phan doan MP va NS khong dugce quan sat thiy trong cac dir liéu

HINI.

Bang 2. Sy di chuyén cia virus cum gitra Viét Nam va cac nuédc khac*

Dong Virus, Sé lwong sw kién di trd dwoc tim thay: gia tri trung vi (khodng dir liéu 95%)
Quéc gia PB2 PB1 PA HA NP NA MP NS
H3N2
Uc/ New Zealand 9 (5-13) 9 (5-13) 7 (4-10) 7 (3-10) 11 (6-16) 5 (2-8) 26 (19-33) 27 (18-36)
Hong Kong 4 (1-7) 4 (1-8) 6 (2-10) 5(2-8) 6 (2-10) 7 (3.5-12) 12 (6-18) 5(1-10.5)
Dbai Loan 2 (1-3) 3(2-4) 3(2-4) 3 (1-4) 2 (1-4) 1(0-3) 3 (1-5) 2 (1-5)
Singapore 1(0-3) 1(0-3) 0 (0-2) 1(0-3) 1 (0-6) 1(0-3) 0 (0-2) 1(0-3)
H1N1
bai Loan 3(1-6) 3 (1-5) 4 (2-7) 5 (2-7) 5 (2-8) 4 (2-8) 5(2-10) 5 (2-8)
Uc/ New Zealand 2 (0-5) 1(0-4) 2 (0-5) 2 (0-5) 4 (1-8) 2 (0-4) 5 (2-9) 2 (0-6)
Nhat 2 (1-4) 2 (1-4) 2 (1-4) 3 (1-4) 4 (1-8) 1(0-2) 6 (2-9) 4 (2-7)

*Div liéu tir 2[,00[0 cay bootstrap cho toan bd 8 phan doan gen clia cac dong cim duoc thu thap tir chau A va chau bai Dwong. Tén cac phan doan
gen duoc viét tat: PB — polymerase basic protein; PA — polymerase acidic protein; HA — hemagglutinin; NP — nucleocapsid protein; MP — matrix
protein; NS — nonstructural protein.




Su di cu trong cdc cdy miu con toan ciu (qua phan tich gen HA). Do tuong quan vé sb luong
mau giira cdc ving dia 1y c¢6 anh huéng 16n dén phan tich di chuyén, mé hinh di chuyén dugc
phan tich lai trén cac dir liéu mau con toan cau dé giam do 1éch dia 1y tir viéc co ) luong céc
mau cao hon tir mot s6 khu vuc hon nhting khu vuc khac. St dung cay HA toan cau cho ca trinh
tu cua H3N2 va HINI1, chung t61 xay dung mgt ma tran di chuyén bao gém tat ca cac su kién di
chuyén héi qui tuyén tinh giira cac khu vuc duge xac dinh trude (Bang S2 va S3).Cac mang di
chuyén duoc chi ra ¢ Hinh 3, nd cho thdy My 1a mot trung tdm 16n cta su di chuyén cim, véi
khu vuc Dong A va ANZ ciing dong mét vai tro quan trong. Dir liéu H3N2 chi ra Viét Nam két
nbi v6i hau hét cac nudc khac trong khu vie Pong va Pong Nam A, voi Hoa Ky, va mot cach
yéu 6t voi Nam A. Dit liéu HIN1 chi ra Viét Nam két ndi véi My va chau Au nhung yéu véi cac
nuée chiu A khac. D6i véi H3N2 va HINI, tong s6 cac su kién di cu két hop v6i mbi nt trong
mang 1a twong quan véi s6 lwong mau cho nut d6 (tat ca cac gia tri p <10; cac kiém tra Kendall
va Spearman). Luu y rang s6 lugng mau khong phai 1a gidng hét nhau cho mdi nat boi vi mot sd
khu vuc ¢6 it hon 12 trinh ty mdi nim va khong can phai tao mau con trong nhimng niam d6. Do
d6, ca mau it va mau nhiéu déu c6 thé tao ra mébi twong quan nay. Mic du nd luc cta ching t6i 1a
lam gidm sai I¢ch dia 1y trong cac tap dir li¢u toan cAu, suy luén trén cac sy kién di chuyén van
con gan lién véi nhitng ving c6 miu; sai 1éch nay xuat hién anh huong dén tat ca cac nghién ctru
phat sinh loai dia 1y. Dbi véi cac trinh ty H3N2, dé xac dinh néu c6 khu vuc nio c6 nhitng dic
diém cua mot ngudn sinh thai, chung toi tinh toan khoang cach phat sinh loai ciia cac trinh tu tir
sau khu vuc 14y mau nhiéu (Trung Québc, Hong Kong, Nhat Ban, Viét Nam, ANZ, M) dén than
cdy phat sinh loai udc lugng hop 1y cuc dai toan cau (Hinh 4). Trong nam 2003, vi dy, qua toan
b6 50 cdy mau con, céc trinh ty duge ¢d lap ¢ Trung Qudc duong nhu gan nhét véi than ciy phat
sinh loai diéu d6 cho thy rang nhiing trinh ty ndy 14 t6 tién cac trinh ty virus khac dugc ldy mau
trong nam 2003, diéu nay 1a phu hop véi su thay thé toan cdu ching virus H3N2 bdi ching
A/Fujian/411/2002 d3 xay ra trong nam 2003. Nhin chung, trong nhitng nim 2003 dén 2007,
khong c6 mot khu vuc duy nhét nao c6 trinh tu nhét quan voi td tién, xac nhan réng khong chi co
mot ngudn duy nhat virus cim & nguoi trén toan cau. Mo hinh di chuyén toan cau nhiéu kha
ning lién quan dén viéc thay thé chudi trén toan cau mot cach dinh ky & cac ving khac nhau
trong cac nam khéac nhau (3,4). Khong c6 du miu tir tat ca cac ving/nam dé thuc hién phén tich

nay trén céc tap dir liéu HINI.



1: FranceSpainthe Netherlands
2: ArstriadGermany/taty

3: Bulgaria/Croatia/Romanin Hungan Greece Skowenia
4: Russia/Ukraine/Latwia

5: India/Bangladesh/Nepal/ran' Afghanistan/Kyrgyzstan
i Thadland

7: Hang Kong/Macau

1: France/Spain/the Netherlands
2: Bullgaria/CroatiafomaniaHungary Greece/Slovenia
3: Russla/Ukraine/Lania

Hinh 3. Ban d6 di chuyén cla virus cum dworc tai lap dwa trén cay phan loai ctia (A) H3N2, dwng tir 1,140 chudi trinh tw, va (B)
H1N1, dwng tlr 554 chudi trinh tw. Cac chudi trinh tw dwoc chon ngéu nhién tir bo di liéu toan ciu (xem phan Phwong phap nghién
ctru). Kich thwéc va mau sac cta céac ndt trén ban db twong trng voi sé lwong sw kién di cw (gia tri trung vi ti» 50 mau con) lién quan
dén vi tri d6. Do day cac dworng ndi (rng véi mat do di chuyén cla virus - dwdng cang dam thé hién mat dé cang cao.Cac dudng di
chuyén lign két véi Viet Nam duoc t6 mau dd, cac dwong ndi khac duoc thé hién bang mau xanh.
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Hinh 4. Khoang cach téi thiéu ciia cac nhom virus (H3N2) dén than cay phat sinh loai (tinh tir 50 cay phan loai H3N2 toan cu).
Virus duoc chia nhém dua vao nam (2003 — 2007) va viing dia Iy. Tén cac nuéc duoc viét tt: ANZ — Australia/New Zealand; VN —
Viét Nam; HK — Héng Kang; CN — Trung Quéc; JP — Nhat; US — My. Céc duong mau d6 thé hién gi tri trung vi ciia khodng cach
do duoc qua 50 cay. Phan tich nay khong duoc thue hién véi 2 nhém virus Viet Nam — 2006 va Héng Kéng — 2007 do sb luong
trinh ty cGia cac nhom nay qua it..

Tinh bén virng ciia cic dong ciim. Hinh 5 cho thiy phat sinh loai H3N2 Bayes suy ra tir cac dit
lidu trinh ty khu vuc theo thoi gian. Nhimng hinh nho trong Hinh 5 chi ra chi tiét cua phat sinh
loai trong nim 2007-2008 (87 trinh ty) ciing nhu nhitng 1an hop lai cta cac dinh cta nhiing
nhanh nay. Rat kho dé xac dinh ddy du tinh bén viing ctia nhitg chung virus nay vi luong mau
thu thap trong quy II nim 2007 va nira dau nam 2008 qua it, mac du két qua PCR thé hién rd
bang chimg vé sy hoat dong cum trong giai doan nay (6). Thoi gian phan nhanh trung binh cua
virus cim ¢ Viét Nam trong giai doan nay 1a 37 ngay (IQR: 21-72); cac hinh nhé trong Hinh 5
cho thiy rang c6 mot dong cum ton tai “bén vitng” tai Viét Nam trong it nhat 13 thang (tir thang
01/2007 dén thang 01/2008). Do thiéu mau tir thang 02/2008 dén thang 05/2008 nén khong thé
két luan liéu dong nay ton tai & Viét Nam trong thoi gian bao lau.

Dé xé4c dinh liéu viée thiu mau tir cac nude khac co thé tao ra mot bire tranh sai 1éch vé tinh bén
vitng cta cac ching cam ¢ Viét Nam trong nim 2007 dén nam 2008 hay khong, chang toi tap
hop mot bg dir li¢u trinh ty cda toan by cac virus & chau A va ANZ tir nam 2006 dén 2008 (n=
672). Cay phan loai co do tin cay tbi da (maximum clade credibility tree - Hinh S4) chi ra ring
céc chung cua Viét Nam duoc phan chia thanh hon mudi chung khéc nhau, khi dugc dat cing tat
ca cac chung cim ciia Chau A / ANZ. Mot trong nhitng chung nay ton tai & Viét Nam trong 15
thang (Hinh S1 (a)), mot chung khac ciing ton tai trong 10-12 thang (Hinh S1 (b)). Diéu nay cho

thdy cac chung ciim c6 thé da ton tai bén vimg (mot ndm hodc hon) & Viét Nam trong khoang
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thoi gian 2007 — 2008. Tuy nhién, phuong phap phan tich nay 1a rit nhay cam d6i vi cac phat
sinh loai khong chic chin vi mot s6 dong virus thiéu s6 c6 qua it mau nén mot thay d6i nho trén

ciu tric cay phan loai cling c6 thé 1am thay ddi vi tri ctia toan bd chung trén ciy phén loai.

B Australia/Mew Zealand ;
B Vietnam
B Hong Kong
B Taiwan
B Singapore | &5
W Other |
| oo "W 5 '
E.., i e i
,; 1gd 4.'5'--
L= L
L
e
- .I
—
200 T e e}
1998 1999 2000 2000 002 2003 2004 2005 006 2007 008 008

Hinh 5. Cay phan loai (phan doan hemagglutinin) cia H3N2 thu dwoc tir chau A va chau Dai Dwong (di¥ liéu khu virc), dwoc dyng
béng phan mém BEAST phién ban 1.6.2(26) dwa trén mé hinh dan sé khéng ddi. Cac chudi trinh tw da dung trong phan tich &
Hinh 1 dwoc dung lai cho phan tich nay, ngoai trir 2 trinh tw tlr Viét Nam bj loai vi khéng xac dinh dwoc ngay thu mau (n = 785).
CAu triic phan loai clia cim & Viét Nam trong ndm 2007-2008 (dwoc phéng dai & géc dwéi phai) cho thay tinh bén vivng cta virus
trong subdt thoi gian nay. D6 thi nhd (co truc hoanh tring véi phan hinh phong dai) thé hién thoi gian phat sinh loai clia cac mau
virus Viét Nam trong nam 2007-2008.
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Théo luan

Theo phan tich cta chiing t6i, cac tuyén di chuyén chinh ctia cim di qua Hoa Ky, Pong A, va Uc
/ New Zealand. Chau Au - mic di mat do dan sd cia n6 va cac tran dich cam ludn dién ra vao
mua Pong — lai c6 it két ndi dén nhimng noi khac trén thé gidi hon so voi Hoa Ky. Két qua nay
phtl hop véi cac nghién ciru trude day cho thiy khu vuc Pong A (2) va khu vyc Chau A nhiét
d6i (1) 1a cac ngudn cam trong diém, va Hoa Ky nhu 13 mot khu vuc dong gop chinh (3). Cac dit
kién vé trinh ty moi trong phan tich nay cho thy cac két ndi di cu manh mé giira Viét Nam va
cac nude lang giéng, My, va chau Au. Phan tich phat sinh loai trong khu vuc cta ching t6i cho
thdy mot két ndi manh mé giira Viét Nam va ANZ, nhung cc phan tich toan cau cho thay trinh
tu ANZ lai lién quan chit ché hon vdi céac trinh tu tir cac nude chau A khac. Thém vao dé, phan
tich phat sinh loai cling cung cp bang chimg vé kha ning ton tai 6n dinh hon 1 nim (ma khong
bi thay thé) ciia virus cam ¢ Viét Nam. Pay 1a mot phat hién quan trong boi cac lién két di
chuyén va kha ning ton tai bén ving cta ciim 13 hai nhan t6 chinh dé xac dinh ngudn phat tan
virus. Viéc ton tai lau dai cua cim & khu vuc nhiét déi co thé c6 mdi twong quan véi su ting
cuong kha ning 13n tranh mién dich cta virus. Piéu nay c6 thé duoc chimg minh néu ta c6 thé
chi ra rang viéc ton tai lau dai hon ciing dong thoi cho quan thé virus thém thoi gian dé tich Iy
dot bién va thay doi khang nguyén (2,31,32).

Nhin chung, phén tich tinh bén viing that gap khé khan ngay ca khi viéc 1dy mau trinh tu dién ra
thudng xuyén va viéc xac nhan virus dugc thuc hién hang tuan. Dé danh gia tinh bén vimg cta
ciim trong mot khu vuc trong diém (nhu Viét Nam), chung t6i phai 1dy mau bén ngoai khu vuc
nay dé xac dinh xem virus dia phwong thuc sy bat ngudn tir ddu. Tuy nhién, khi cang nhiéu mau
duoc 14y tir khu vuc bén ngoai, (i) kha ning tim thiy virus (6 khu vuc bén ngoai) déng chung véi
nhirng dong virus trong khu vuc nghién ctru cang cao, (ii) tinh da dang sinh hoc cua cac khu vuc
bén ngoai ciing ting 1én. Ca hai diéu nay déu khién cho lién két di cu cua virus giita khu vuc
nghién ctru véi cac khu vuc bén ngoai trong c6 vé manh hon. Khong c6 tiéu chi rd rang dé xac
dinh lugong mau thich hop cho khu vuc nghién ctru 1an cac khu vuc ngoai nghién ctru, do vay, rat
kho dé khang dinh chic chic rang mot ching cim chi ton tai “bén vitng” & mot khu vuc duy
nhat. Déi voi cac trinh tr cam Viét Nam 2007 va 2008(c6 thoi gian thu mAu trai kha déu va gan
nhu pha khap 2007-2008), thoi gian hop nhit cia nhitng virus nay trén ciy phan loai twong ddi
ngin, chi ra rang hau hét nhitng loai virus niy déu xuat hién & Viét Nam chua lau. Nhiing dir

lidu nay phu hop va ciing 1a bang ching cho tinh bén viing ctia cac chung virus ¢ Viét Nam trong
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sudt thoi gian nay. Tuy nhién, chung toi biét ring khong c6 kiém nghiém théng ké ndo c6 thé
béac bo hoan toan gia thiét xuat hién ching virus méi trong khoang thoi gian 2007-2008. Tap dit
liéu hoan hao dé chirng minh tinh bén viing cta dong virus c6 1& phai 1a 52 miu virus duoc thu
trong 52 tuan lién tiép, v&i cac mau virus lién ké khac nhau & 0 hodc 1 vi tri nucleotide.

Phwong phap 1y miu. Mot trong nhitng han ché 16n cua tat ca cac phén tich di cu thuc hién
vé6i dir liéu trinh tw 13 d6 1éch gy ra boi lwong mau thu thap & mdi khu vuc dia 1y rat khac nhau.
Cang nhiéu trinh tu dé chi ra vi tri, thi cang nhiéu kha ning 1a mot trong nhing trinh ty nay nhap
cu gﬁn day, va dugc nhan dang boi su hién dién cta céc trinh tu tuong tu tir cic dia diém khac.
Pé khic phuc sai léch nay, viéc 1dy mau con thuong duge st dung (3,5), dé dam bao ring cic sb
luvong miu duoc str dung cho mdi khu vuc twong ddi dong nhét. Trong tinh hudng khi c¢6 qué it
trinh tu tr mot dia diém cu thé, thi s& chi c6 mot sb lugng nho hon cac lién két di cu co thé duoc
suy ra tir vi tri d6. Su sai 1éch nay khong thé duoc stra chita bang phurong phap thu mau con.
Phén tich ctia chiing t6i & cap do toan cau trén cac tapdir liéu con cho thiy ring sé lwong mau va
trong s6 cua cac két ndi di cu ¢o tinh twong quan cao. Tuy nhién, chung t6i khong thé xac dinh
quan hé nhan qua trong méi twong quan nay. Mot tin hiéu di chuyén c6 thé yéu vi thiéu mau.
Nguoc lai, s6 lugng nhod cac mau cé thé 1a két qua cta hoat dong cim thap va két ndi di cu yéu
v6i cac ving khac. Dé xac dinh nguyén nhén, hé qua trong twong quan ndi trén, mot chién luoc
1dy mau trinh tu phai dugc dua ra trong bdi canh ctia mot hé thong giam sat cum, sau d6 cac dir
liéu dich t& va dir liéu trinh tu phai duoc phan tich cung nhau. Ty 1¢ nhiém bénh va dit liéu trinh
tur nén duoc sir dung dong thoi dé xac dinh sé luong mau phu hop cho timg ving dia 1y.

Mic du kha d& dé nhan ra nhiing d4u hiéu cua viéc thu mau qua nhiéudiéu nay duong nhu 1a mot
diém ro rang vé viée thu miu qua nhiéu, d6i am 1a viéc qua nhiéu mau trong dit li¢u trinh ty cum
X4y ra vdi mot mirc do cao cua sy sao chép gia. Phuong phap thu mau trinh ty cam hién duoc
dung trong hau hét cac nghién ctru khoa hoc va trong bdi canh y té cong ddng thuong dan dén
viéc mdi mau duogc thu thém, thay vi phai 1a mdt quan sat doc lap, lai c6 tinh hé $6 tuong quan
cao voi nhitng mau khac dugc thu cung thoi gian / cung khu vuc dia 1y (33). Nhitng mau “sao
chép gia” nay, vé nguyén tic, s&é khong tao ra cac sy kién di chuyén nhan tao bo sung vao két qua
phan tich boi cau tric cia cdy phat sinh loai khong chiu nhiéu anh huong tir mire d6 doc lap 1an

nhau cia may trinh tu.
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Tuy nhién, mdi tuong quan giira s6 lwong miu va stc manh di chuyén van ton tai trong dit liéu
mot phan, boi vi khi sé lwong miu ting 18n, xac suat mot ching virus méi duoc phat hién ciing
tang theo.

Mot cach tiép can méi can duoc phat trién dé co thé xem xét moi bién s nhu khong gian, su tién
hoa, va dich té hoc trong phan tich phat sinh loai. Céac cach tiép can Bayesian da dugc lya chon
lam phuong phép tiéu chuin cho cic nghién ctru phat sinh loai theo ving dia 1y gin day
(1,3,4,34-37), chu yéu 1a do kha niang cua chung dé bu dép cho su khong chic chin cua cac bién
sb tién hoa, dan sb va di cu, dic biét 1a boi vi kha nang cua chung dé két hop cac nut hinh hoc t6-
pd khong chic chin vao cac phén tich phét sinh loai. Phuong phap Bayesian ¢ thé phuc vu nhur
mdt cong cu phu trog manh mé trong phan tich phat sinh loai theo vung dia 1y, cho phép xem xét
d6 1éch théng ké do qua trinh 14y mau gay anh hudng nhu thé nao dén timg ving dia 1y. Mot yéu
t6 quan trong nita cia phuong phap Bayesian trong nghién ctru bénh ciim 13 kha ning ap dung
ctia n6 1én toan bd bd gen trong cac phén tich phat sinh loai theo ving dia 1y (1). Ddi véi cac bd
dir liéu ¢ xac xuat tai to hop cao, sy hién dién cua tin hiéu di chuyén doc lap trong tam ciy phat
sinh loai khac nhau (cho tdm doan RNA cua virus) ¢ thé duoc str dung dé giam su khong chéc
chin cho cac tham sb di cu dugc tim ra.

Chung t6i du dinh 1am sang t6 con dudng di chuyén cta cim vao va ra khoi Viét Nam, ciing nhu
kha ning ton tai bén viing cta virus & Viét Nam. D6i v6i ca hai muc tiéu, ching t6i dé nghi rang
céc nghién ciru trong twong lai lién két phan tich phat sinh loai véi dit liéu dich t& nham sira chita
nhirng thién 1éch thdng ké dd néu trén va cung cap bang ching dich t& bd sung quan trong cho
viéc di chuyén va tinh bén vitng. Néu mé hinh ngudn — bé chura thyc sy 1a sy don gian hoa cta
mo hinh lru thong ciim toan cau (3-5), cac lién két chit ché giita Viét Nam voi cac nude khac &
chau A, chau Au va Hoa Ky cho thay dat nudc ndy co thé dong ca hai vai tro trong nhimg thoi

diém khac nhau.

15



Acknowledgements

We would like to thank WHO Vietnam, the US CDC, Prof H. Suzuki and Prof R. Saito (Niigata
University, Japan) for helping us establish influenza sentinel surveillance in Vietnam. Thanks to
E. C. Holmes for critical review of this manuscript.

HML, PH, MFB are supported by the Wellcome Trust (089276/B/09/7, 098511/Z/12/Z,
WT/093724). TTL is supported by a Royal Society Newton International Fellowship (UK).
Computing and hardware costs were funded by the Li Ka Shing - University of Oxford Global
Health Programme (LGOS). This project has been funded in part with federal funds from the
National Institute of Allergy and Infectious Diseases, National Institutes of Health, Department
of Health and Human Services under contract number HHSN272200900007C.

Author Bio: Dr Mai Quynh Le, MD PhD, is the head of the Virology Department in Vietnam’s
National Institute for Hygiene and Epidemiology. She obtained her MD from Vietnam’s Military
Academy of Medicine in 1989, and she has been leading research on virology, public health, and
human and avian influenza viruses in Vietnam for more than 20 years.

References

1. Rambaut A, Pybus OG, Nelson MI, Viboud C, Taubenberger JK, Holmes EC. The genomic
and epidemiological dynamics of human influenza A virus. Nature 2008; 453:615-620.

2. Russell CA, Jones TC, Barr IG, Cox NJ, Garten RJ, Gregory V, et al. The global circulation of
seasonal influenza A (H3N2) viruses. Science 2008;320:340-346.

3. Bedford T, Cobey S, Beerli P, Pascual M. Global Migration Dynamics Underlie Evolution and
Persistence of Human Influenza A (H3N2). PLoS Pathog 2010; 6:¢1000918.

4. Bahl J, Nelson MI, Chan KH, Chen R, Vijaykrishna D, Halpin RA, et al. Temporally
structured metapopulation dynamics and persistence of influenza A H3N2 virus in humans. Proc
Natl Acad Sci USA 2011;108:19359-19364.

5. Cheng X, Tan Y, He M, Lam TT-Y, Lu X, Viboud C, et al. Epidemiological dynamics and
phylogeography of influenza virus in southern china. J Inf Dis 2013; 207:106—14.

6. Nguyen HT, Dharan NJ, Le MTQ, Nguyen NB, Nguyen CT, Hoang DV, et al. National
Influenza Surveillance in Vietnam 2006-2007. Vaccine 2009;28:398—402.

7. Oxford University Clinical Research Unit (2013) Influenza-like illness (ILI) in Ho Chi Minh
City, www.ili.vn, accessed March 4, 2013.

16



8. Horby P, Mai LQ, Fox A, Tha i PQ, Yen NTT, Thanh LT, et al. The Epidemiology of
Interpandemic and Pandemic Influenza in Vietnam, 2007-2010: The Ha Nam Household Cohort
Study I. Am J Epidemiol 2012;175:1062—-1074.

9. Boni MF, Manh BH, Thai PQ, Farrar J, Hien TT, Hien NT, et al. Modelling the progression of
pandemic influenza A(HIN1) and the opportunities for reassortment with other influenza
viruses. BMC Med 2009;7:43.

10. Horby P, Thai PQ, Hens N, Yen NTT, Mai LQ, Thoang DD, et al. Social Contact Patterns in
Vietnam and Implications for the Control of Infectious Diseases. PLoS One 2011;6:¢16965.

11. Nelson MI, Simonsen L, Viboud C, Miller MA, Holmes EC. Phylogenetic Analysis Reveals
the Global Migration of Seasonal Influenza A Viruses. PLoS Pathog 2007;3:e131.

12. Nelson MI, Simonsen L, Viboud C, Miller MA, Taylor J, St. George K, et al. Stochastic
processes are key determinants of short-term evolution in influenza a virus. PLoS Pathog
2006;2:e125.

13. Tang JW, Ngai KLK, Lam WY, Chan PKS. Seasonality of influenza A (H3N2) virus: a
Hong Kong Perspective (1997-2006). PLoS One 2008;3:¢2768.

14. Doraisingham S, Goh KT, Ling AE, Yu M. Influenza surveillance in Singapore: 1972-86.
Bull World Health Org 1988;66:57—-63.

15. Simmerman JM, Uyeki TM. The burden of influenza in East and South-East Asia: a review
of the English language literature. Influenza and Other Respiratory Viruses 2008;2:81-92.

16. Wong CM, Yang L, Chan KP, Leung GM, Chan KH, Guan Y, et al. Influenza-associated
hospitalization in a subtropical city. PLoS Med 2006;3:e121.

17. Yap FHY, Ho P-L, Lam K-F, Chan PKS, Cheng Y-H, Peiris JSM. Excess hospital
admissions for pneumonia, chronic obstructive pulmonary disease, and heart failure during
influenza seasons in Hong Kong. J Med Virol 2004;73:617-23.

18. Shek LPC, Lee BW. Epidemiology and seasonality of respiratory tract virus infections in the
tropics. Paediatric Resp Rev 2003;4:105-111.

19. Finkelman BS, Viboud C, Koelle K, Ferrari MJ, Bharti N, Grenfell BT. Global patterns in
seasonal activity of influenza A/H3N2, A/HIN1, and B from 1997 to 2005: viral coexistence and
latitudinal gradients. PLoS One 2007;2:¢1296.

20. Viboud C, Alonso WJ, Simonsen L. Influenza in tropical regions. PLoS Med 2006;3:¢89. 21.
Alonso WJ, Viboud C, Simonsen L, Hirano EW, Daufenbach LZ, Miller MA. Seasonality of

17



influenza in Brazil: a traveling wave from the Amazon to the subtropics. Am J Epidemiol
2007;165:1434-42.

22. Ghedin E, Sengamalay NA, Shumway M, Zaborsky J, Feldblyum T, Subbu V, et al. Large-
scale sequencing of human influenza reveals the dynamic nature of viral genome evolution.
Nature 2005;437:1162—6.

23. Edgar RC. MUSCLE: multiple sequence alignment with high accuracy and high throughput.
Nucleic Acids Research 2004;32:1792-1797.

24. Stamatakis A, Hoover P, Rougemont J. A rapid bootstrap algorithm for the RAxXML Web
servers. Syst Biol 2008;57:758-71.

25. Stamatakis A. RAXML-VI-HPC: maximum likelihood-based phylogenetic analyses with
thousands of taxa and mixed models. Bioinformatics 2006;22:2688-2690.

26. Drummond AJ, Rambaut A. BEAST: Bayesian evolutionary analysis by sampling trees.
BMC Evol Biol 2007;7: 214.

27. Swofford DL, Maddison WP. Reconstructing ancestral character states under Wagner
parsimony. Math Biosci 1987;87:199-229.

28. Swofford DL. PAUP*. Phylogenetic Analysis Using Parsimony (*and Other Methods). 2003.
29. Boni MF, Jong MD de, Doorn HR van, Holmes EC. Guidelines for identifying homologous
recombination events in influenza A virus. PLoS One 2010;5:¢10434.

30. Bastian M, Heymann S, Jacomy M. Gephi: An Open Source Software for Exploring and
Manipulating Networks. International AAAI Conference on Weblogs and Social Media 2009.

31. Boni MF, Gog JR, Andreasen V, Feldman MW. Epidemic dynamics and antigenic evolution
in a single season of influenza A. Proc R Soc B 2006;273:1307-1316.

32. Adams B, McHardy AC. The impact of seasonal and year-round transmission regimes on the
evolution of influenza A virus. Proc R Soc B 2011;278:2249-2256.

33. Harvey PH, Pagel MD. The comparitive method in evolutionary biology. Oxford, UK:
Oxford University Press, 1991.

34. Pybus OG, Suchard MA, Lemey P, Bernardin FJ, Rambaut A, Crawford FW, et al. Unifying
the spatial epidemiology and molecular evolution of emerging epidemics. Proc Natl Acad Sci
USA 2012;109:15066-15071.

35. Lemey P, Rambaut A, Drummond AJ, Suchard MA. Bayesian phylogeography finds its
roots. PLoS Comput Biol 2009;5:¢1000520.

18



36. Rabaa MA, Hang VTT, Wills B, Farrar J, Simmons CP, Holmes EC. Phylogeography of
recently emerged DENV-2 in southern Viet Nam. PLoS Negl Trop Dis 2010;4:e766.

37. Raghwani J, Rambaut A, Holmes EC, Hang VT, Hien TT, Farrar J, et al. Endemic dengue
associated with the co-circulation of multiple viral lineages and localized densitydependent
transmission. PLoS Pathog 2011;7:¢1002064.

Address for correspondence: Maciej F Boni, Oxford University Clinical Research Unit,
Hospital for Tropical Diseases, 764 Vo Van Kiet Street, Q5, Ho Chi Minh City, Vietnam; email:
mboni@oucru.org, tel: +84 8 3923 7954, fax: +1 509 562 2296;

19



20





