
 1 

GZmi'@ZcZgVi dc LZfjZcX c <djaY WZ V Igdb h c = V cdhi X1 

:eegdVX] [dg IVi]d Zc =ZiZXi dc4 IVi]d Zc X :cVanh h d[ IZY Vig X2 

;VXiZg Va FZc c i h Wn GZmi'@ZcZgVi dc LZfjZcX c MZX]cdad n3 

= gZXian [gdb <ZgZWgdhe cVa aj Y LeZX bZch4 

E c 'njc @jd & ,& Rdc ' jc E -& E c'a c E j & Adc 'adc Pj.&/& C V'a S]dj.& RZ S]Vc &5 

PZc'nV Zc & E Vc S]j & ; c Aj & Aj 'a Aj & M Vc'b c <]Zc & Q c @jd & AZ'n c6 

<]Zc & Rdc ']dc RVc ,% VcY @Vc E j %7 

( DZn EVWdgVidgn d[ FV dg = hZVhZh c <] aYgZc& F c hign d[ >YjXVi dc& =ZeVgibZci8 

d[ Bc[ZXi djh = hZVhZh& ;Z c !<] aYgZc"h Adhe iVa& <Ve iVa FZY XVa9 

Nc kZgh in&!GVi dcVa <ZciZg [dg <] aYgZc’h AZVai]& <] cV10 

,( ;Z c DZn EVWdgVidgn d[ IZY Vig X KZhe gVidgn Bc[ZXi dc = hZVhZh& DZn EVWdgVidgn11 

d[ FV dg = hZVhZh c <] aYgZc& F c hign d[ >YjXVi dc& GVi dcVa <a c XVa KZhZVgX]12 

<ZciZg [dg KZhe gVidgn = hZVhZh& GVi dcVa DZn = hX ea cZ d[ IZY Vig Xh <Ve iVa13 

FZY XVa Nc kZgh in & ;Z c IZY Vig X KZhZVgX] Bchi ijiZ& ;Z c <] aYgZc’h Adhe iVa&14 

<Ve iVa FZY XVa Nc kZgh in& GVi dcVa <ZciZg [dg <] aYgZc’h AZVai]& <] cV15 

-( ;@B @Zcdb Xh <d(& EiY(16 

.( ; c]V @Zcdb Xh Bchi ijiZ& M Vc c MgVchaVi dcVa @Zcdb Xh <ZciZg& ;@B'M Vc c&17 

;@B'L]Zco]Zc& M Vc c& <] cV18 

/( Pj]Vc GVi dcVa EVWdgVidgn [dg HeidZaZXigdc Xh& AjVo]dc Nc kZgh in d[ LX ZcXZ19 
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VcY MZX]cdad n& Pj]Vc& AjWZ & <] cV20 

%Igd[( R( A( R VcY @(E( VgZ Xd'XdggZhedcY c Vji]dgh VcY Xdcig WjiZY ZfjVaan id i] h21 

ldg (22 

:YYgZhh [dg XdggZhedcYZcXZ23 

Igd[( @Vc EBN24 

;Z c <] aYgZcrh Adhe iVa :[[ a ViZY l i] <Ve iVa FZY XVa Nc kZgh in25 

Gd( /0 GVc E h] KdVY26 

;Z c ***./& <] cV27 

MZa4 20' *'/30 1* ,28 

>'bV a4 a j Vc WX]9h cV(Xdb29 

DZnldgYh ;VXiZg Va bZc c i h& IZY Vig X& <ZgZWgdhe cVa [aj Y& GZmi' ZcZgVi dc30 

hZfjZcX c31 

Kjcc c i iaZ IVi]d Zc X :cVanh h d[ ;VXiZg Va FZc c i h Wn G@L 32 

LjbbVgn PZ XdcYjXiZY i]Z hijYn [dg i]Z YZci [ XVi dc d[ b Xgddg Vc hbh Wn33 

cZmi' ZcZgVi dc hZfjZcX c Y gZXian [gdb <L hVbeaZh d[ eZY Vig X WVXiZg Va bZc c i h34 

eVi Zcih( :cY i]Z hijYn h]dlZY i]Vi G@L XdjaY WZ V egdb h c VaiZgcVi kZ Y V cdhi X35 

VeegdVX] [dg WVXiZg Va bZc c i h c eZY Vig X edejaVi dc(36 
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:WhigVXi37 

;VX gdjcY( ;VXiZg Va bZc c i h gZbV ch dcZ d[ i]Z bV dg X]VaaZc Zh c c[ZXi djh38 

Y hZVhZh& aZVY c id hZfjZa c bVcn XVhZh( : egdbei Y V cdh h d[ i]Z XVjhVi kZ39 

b Xgddg Vc hb h Xg i XVa id h c [ XVcian begdkZ djiXdbZ d[ WVXiZg Va bZc c i h( :ai]dj ]40 

kVg djh iVg ZiZY iZhih [dg XZgZWgdhe cVa [aj Y <L hVbeaZh VgZ VkV aVWaZ& i h V W41 

egdWaZb [dg i]Z YZci [ XVi dc d[ Zi dad n d[ WVXiZg Va bZc c i h(42 

FZi]dYh( AZgZ lZ YZhXg WZ i]Z jhZ d[ jcW VhZY hZfjZcXZ VcVanhZh Wn cZmi' ZcZgVi dc43 

hZfjZcX c G@L iZX]cdad n [dg i]Z YZci [ XVi dc d[ c[ZXi djh b Xgddg Vc hbh [gdb44 

<L hVbeaZh d[ eZY Vig X WVXiZg Va bZc c i h eVi Zcih c i]Z =ZeVgibZci d[ Bc[ZXi djh45 

= hZVhZh [gdb ;Z c <] aYgZc"h Adhe iVa(46 

KZhjaih( Bc idiVa& lZ ]VY 33 WVXiZg Va bZc c i h eVi Zcih c djg hijYn& // //(0 d[ i]ZhZ47 

lZgZ Zi dad XVaan Xdc[ gbZY Wn Xa c XVa b XgdW dad n bZi]dYh( <dbW cZY l i] G@L& 0248 

XVhZh 02(1 lZgZ Zi dad XVaan Xdc[ gbZY( M]Z bV c eVi]d Zch YZci [ ZY c i] h hijYn49 

lZgZ LigZeidXdXXjh ecZjbdc VZ c7,3 & gdje ; higZeidXdXXjh c7 / & LiVe]nadXdXXjh50 

VjgZjh c71 & >hX]Zg X] V Xda c71 ( Bc VYY i dc& ild XVhZh l i] XnidbZ Vadk gjh c[ZXi dc51 

VcY dcZ l i] MVZc V hV cViV Vh Vi XV lZgZ Xdc[ gbZY Wn G@L(52 

<dcXajh dch( G@L XdjaY WZ V egdb h c VaiZgcVi kZ Y V cdhi X VeegdVX] [dg Xg i XVaan aa53 

eVi Zcih hj[[Zg c [gdb WVXiZg Va bZc c i h c eZY Vig X edejaVi dc(54 
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BACKGROUND 55 

;VXiZg Va bZc c i h& Vahd cdlc Vh ejgjaZci bZc c i h& h XVjhZY Wn V kVg Zin d[ nd Zc X56 

c[ZXi dch( :ai]dj ] i]Z cX YZcXZ c c[Vcih VcY X] aYgZc ]Vh YZXgZVhZY h cXZ i]Z jhZ d[57 

Xdc j ViZY kVXX cZh iVg Zi c AVZbde] ajh c[ajZcoVZ ineZ W A W & LigZeidXdXXjh58 

ecZjbdc VZ L( ecZjbdc VZ VcY GZ hhZg V bZc c i YZh G( bZc c i YZh & WVXiZg Va59 

bZc c i h Xdci cjZh id WZ Vc bedgiVci XVjhZ d[ bdgiVa in VcY bdgW Y in c cZdcViZh VcY60 

X] aYgZc i]gdj ]dji i]Z ldgaY T & ,U( M]Z XVjhVi kZ eVi]d Zch d[ WVXiZg Va bZc c i h61 

YZeZcY dc Y [[ZgZci V Z d[ i]Z eVi Zci VcY egZY hedh c [VXidgh T '-U(u62 

IVi]d Zc YZci [ XVi dc h d[ eVgVbdjci bedgiVcXZ [dg WVXiZg Va bZc c i h( :i egZhZci&63 

i]Z eVi]d Zc d[ WVXiZg Va bZc c i h h hi aa bV can WVhZY dc @gVb hiV c VcY WVXiZg Va64 

XjaijgZ( AdlZkZg& <L XjaijgZ XVc WZ cZ Vi kZ c X] aYgZc l]d gZXZ kZ Vci W di X igZVibZci65 

eg dg id <L ZmVb cVi dc T U(;ZXVjhZ d[ i]Z a b iVi dch d[ Xa c XVa aVWdgVidgn iZhi c & bdgZ66 

i]Vc ]Va[ d[ i]Z XZcigVa cZgkdjh hnhiZb c[ZXi dc XVhZh XVccdi WZ XaZVgan Y V cdhZYT.U(67 

:ai]dj ] cdc'XjaijgZ bZi]dYh cXajY c bjai eaZm I<K VcY aViZm V aji cVi dc& ZiX( ]VkZ68 

WZZc jhZY c Xa c XVa b XgdW dad n T U& dcan dcZ dg hZkZgVa heZX [ X eVi]d Zch XdjaY WZ69 

iVg ZiZY Wn i]ZhZ cYh d[ iZX]cdad n& aZi VadcZ gVgZ eVi]d Zch(70 

Bc gZXZci nZVgh& i]Z ZbZg ZcXZ d[ edlZg[ja G@L iZX]cdad n ]VkZ ZcVWaZY jcW VhZY71 

hZfjZcX c d[ W dad XVa hVbeaZh YjZ id ih gVe Y ijgcVgdjcY i bZ T/U(P ahdc Zi72 

VaT0UegZhZciZY V XVhZ d[ cZjgdaZeidhe gdh h& gZhjai c c V YgVbVi X Xa c XVa begdkZbZci73 
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l i] cigVkZcdjh eZc X aa c V[iZg YZci [n c aZeidhe gV c[ZXi dc c i]Z <L Wn jcW VhZY74 

G@L iZX]cdad n( NcW VhZY G@L XdjaY [VX a iViZ YZci [ XVi dc d[ Vaa i]Z ediZci Va75 

eVi]d Zch c V h c aZ VhhVn i]ZdgZi XVaan T1U( AZgeZh h beaZm k gjh & ]ZgeZh h beaZm k gjh ,76 

VcY ]jbVc ]ZgeZh k gjh ineZ - lZgZ YZiZXiZY jh c G@L iZX]cdad n [gdb [djg XVhZh l i]77 

Xa c XVaan hjheZXiZY k gVa bZc c dZcXZe]Va i h gZheZXi kZan( :cY i]Z gZhjaih lZgZ [jgi]Zg78 

kVa YViZY jh c I<K T2U( jgi]Zg& RVd Zi Va T3U YZiZXiZY E hiZg V bdcdXnid ZcZh c <L [gdb79 

i]gZZ eVi Zcih l i] bZc c dZcXZe]Va i h Wn G@L( M]ZhZ gZedgih ] ]a ]i i]Z [ZVh W a in d[80 

Veean c G@L d[ <L Vh V Y V cdhi X bZi]dY [dg XZcigVa cZgkdjh hnhiZb <GL c[ZXi dc(81 

AdlZkZg& i]Z bV dg in d[ gZedgih VgZ Xdbeg hZY d[ h c aZ XVhZ gZedgih VcY [Zl hijY Zh82 

]VkZ WZZc gZedgiZY c i]Z Veea XVi dc d[ G@L [dg eVi]d Zc YZiZXi dc [gdb <L hVbeaZh d[83 

WVXiZg Va bZc c i h eVi Zcih& ZheZX Vaan c eZY Vig X edejaVi dch( Bc i] h hijYn& lZ ldjaY84 

a Z id jhZ i]Z G@L iZX]cdad n id YZiZXi Y gZXian [gdb i]Z <L hVbeaZh d[ X] aYgZc l i]85 

WVXiZg Va bZc c i h VcY ZkVajViZ i]Z [ZVh W a in VcY h c [ XVcXZ d[ i]Z G@L iZX]c fjZ dc86 

i]Z eVi]d Zc X YZci [ XVi dc d[ WVXiZg Va bZc c i h(87 

METHODS 88 

LijYn IdejaVi dc89 

<VhZh d[ WVXiZg Va bZc c i h c eVi Zcih d[ V Z WZilZZc ,3YVnh VcY 2 nZVgh daY [gdb90 

HXi(,-i] ,* . i]gdj ] =ZX(- i] ,* 0 c i]Z =ZeVgibZci d[ Bc[ZXi djh = hZVhZh& ;Z c91 

<] aYgZcrh Adhe iVa lZgZ cXajYZY( IVi Zcih l i] Y hV gZZbZci id XdaaZXi c <L & <L92 
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kdajbZ 6 ba VcY WaddYn <L lZgZ ZmXajYZY( M] h iZgi Vgn ]ZVai] XVgZ ]dhe iVa h V93 

GVi dcVa <] aYgZc"h FZY XVa <ZciZg l i] 31*WZYh i]Vi igZVih bdgZ i]Vc - b aa dc94 

djieVi Zcih VcY 1*&*** ]dhe iVa oZY eVi Zcih ZkZgn nZVg( KZXdgYh [dg Vaa eVi Zcih cXajY c95 

YZbd gVe] X YViV& Xa c XVa [ZVijgZh VcY aVWdgVidgn [ cY c h lZgZ dWiV cZY(96 

= V cdh h d[ WVXiZg Va bZc c i h97 

:cn X] aY l i] hjYYZc dchZi d[ [ZkZg 8 -2(/p< gZXiVa dg -2(*p< Vm aaVgn VcY cZX hi [[cZhh&98 

VaiZgZY XdchX djhcZhh dg di]Zg bZc c ZVa hnbeidbh lZgZ Xdch YZgZY id WZ hjheZXiZY99 

eVi Zcih( : XVhZ i]Vi h aVWdgVidgn'Xdc[ gbZY TXjaijgZ bZi]dY VcY) dg Vci Zc YZiZXi dc100 

bZi]dYh :aZgZ ; cVmGdl®LigZeidXdXXjh ecZjbdc VZ :ci Zc <VgY U Wn YZci [n c V101 

WVXiZg Va eVi]d Zc [gdb <L dg WaddY c V X] aY l i] Xa c XVa hnbeidbh Xdch hiZci l i]102 

WVXiZg Va bZc c i h h V egdkZc XVhZ( Hi]Zgl hZ& V hjheZXiZY XVhZ l i] <L ZmVb cVi dc103 

h]dl c Vi aZVhi dcZ d[ i]Z [daadl c h V egdWVWaZ XVhZ4 V ijgW Y <L VeeZVgVcXZ&104 

aZj dXnidh h 8 ** XZaah)bb- & aZj dXnidh h *' ** XZaah) bb- VcY Z i]Zg ZaZkViZY105 

egdiZ c 8 ** b )Ya dg YZXgZVhZY ajXdhZ aZkZa 6 .* b )Ya ( M]ZhZ Xg iZg V VgZ106 

Xdch hiZci l i] i]Z PdgaY AZVai] Hg Vc oVi dc PAH XVhZ YZ[ c i dc T *U(107 

LVbeaZ XdaaZXi dc108 

<L lVh XdaaZXiZY c VXXdgYVcXZ l i] hiVcYVgY egdXZYjgZh& hcVe [gdoZc VcY hidgZY Vi '2*p109 

< c ; d WVc [dg = hZVhZh c <] aYgZc ;Z c <] aYgZcrh Adhe iVa& <Ve iVa FZY XVa110 

Nc kZgh in(111 

=G: ZmigVXi dc& a WgVgn XdchigjXi dc& VcY hZfjZcX c u112 

certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (which was notthis version posted June 6, 2018. ; https://doi.org/10.1101/340273doi: bioRxiv preprint 

https://doi.org/10.1101/340273


 7 

=G: lVh ZmigVXiZY Y gZXian [gdb i]Z Xa c XVa hVbeaZh jh c i]Z MB:GVbe F Xgd =G: D i113 

=I- 0& M Vc Zc ; diZX]& ;Z c & <] cV ( =G: a WgVg Zh lZgZ XdchigjXiZY i]gdj ] ZcY'114 

gZeV gZY VYVeiZg VYYZY dkZgc ]i& VcY Wn Veean c edanbZgVhZ X]V c gZVXi dc115 

Vbea [ XVi dc id i]Z ZmigVXiZY =G:( JjVa in Xdcigda lVh XVgg ZY dji jh c V W dVcVanoZg116 

: aZci , **& : aZci MZX]cdad Zh& LVciV <aVgV& <:& NL: XdbW cZY l i] I<K id117 

bZVhjgZ i]Z VYVeiZgh WZ[dgZ hZfjZcX c ( =G: hZfjZcX c lVh i]Zc eZg[dgbZY jh c i]Z118 

;@BL>J' ** eaVi[dgb ;@B'M Vc c& M Vc c& <] cV T U(119 

=ViV igZVibZci VcY VcVanh h120 

A ]'fjVa in hZfjZcX c YViV lZgZ ZcZgViZY V[iZg [ aiZg c dji adl'fjVa in& adl'XdbeaZm in&121 

VcY h]dgiZg gZVYh( Md Za b cViZ i]Z Z[[ZXi d[ i]Z ]jbVc hZfjZcXZh& i]Z YViV bVeeZY id122 

i]Z ]jbVc gZ[ZgZcXZ ZcdbZ ] 3 lZgZ ZmXajYZY jh c V edlZg[ja Va cbZci idda123 

XVaaZY ;jggdlh'P]ZZaZg :a cbZci T ,U( M]Z gZbV c c YViV lZgZ i]Zc Va cZY id i]Z124 

F XgdW Va @ZcdbZ =ViVWVhZ& l] X] cXajYZh WVXiZg V& k gjhZh& [jc & VcY egdidodV(125 

cVaan& i]Z bVeeZY YViV lZgZ egdXZhhZY Wn gZbdk c Yjea XViZ gZVYh [dg VYkVcXZY YViV126 

VcVanh h( : cd gZYjcYVci YViVWVhZ i]Vi cXajYZY Vaa i]Z ejWa h]ZY ZcdbZh d[127 

b Xgddg Vc hbh lVh YdlcadVYZY [gdb i]Z GVi dcVa <ZciZg [dg ; diZX]cdad n Bc[dgbVi dc128 

[ie4 ))[ie(cXW ( cab(c ]( dk) ZcdbZh) ( M]Z YZei] VcY XdkZgV Z d[ ZVX] heZX Zh lZgZ129 

XVaXjaViZY jh c LdVe <dkZgV Z [gdb i]Z LH:I lZWh iZ ]iie4))hdVe( Zcdb Xh(dg (Xc) (130 

>i] Xh LiViZbZci131 
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M] h hijYn lVh gZk ZlZY VcY VeegdkZY Wn i]Z >i] Xh <dbb iiZZ d[ ;Z c <] aYgZcrh132 

Adhe iVa :[[ a ViZY id <Ve iVa FZY XVa Nc kZgh in Gd(,* 1'1. ( Pg iiZc c[dgbZY XdchZcih133 

lZgZ dWiV cZY [gdb Vaa eVi Zcih dg i]Z g aZ Va hjggd ViZh(134 

LiVi hi XVa :cVanh h135 

<ViZ dg XVa kVg VWaZh lZgZ XdbeVgZY jh c i]Z X] 'hfjVgZY iZhi dg hX]Zgrh ZmVXi iZhi& Vh136 

Veegdeg ViZ( <dci cjdjh kVg VWaZh l i] c ild gdjeh lZgZ XdbeVgZY jh c i]Z137 

cYZeZcYZci i'iZhi [dg eVgVbZig X YViV VcY i]Z FVccqP] icZn N iZhi [dg cdc'eVgVbZig X138 

YViV( I kVajZh 6*(*/ lZgZ Xdch YZgZY hiVi hi XVaan h c [ XVci( :aa hiVi hi XVa VcVanhZh lZgZ139 

XdcYjXiZY jh c LILL 1(* LILL BcX( NL: (140 

RESULTS 141 

=Zbd gVe] Xh142 

: idiVa d[ 33 XVhZh lZgZ [ cVaan cXajYZY c djg hijYn( :bdc i]Zb& 02 02(1 XVhZh lZgZ143 

bVaZ& - - (- [ZbVaZh& VcY V bVaZ id [ZbVaZ gVi d d[ ,(,4 ( M]Z bZY Vc V Z d[ dchZi144 

lVh /(1 bdci]h( M]ZhZ XVhZh lZgZ XaVhh [ ZY cid [djg V Z gdjeh4 1- 1-(2 eVi Zcih145 

V ZY ,3 YVnh id nZVg& 'nZVg'daY id , nZVgh daY gdje c 7 -& -(  5 , nZVgh daY id /146 

nZVgh daY gdje c 7 .& .(* 5 gZViZg i]Vc / nZVgh daY gdje c 7 3& *(* ( /1(0 /1147 

XVhZh d[ X] aYgZc lZgZ [gdb gjgVa VgZVh( M]Z bZY Vc i bZ id Y V cdhZ WVXiZg Va bZc c i h148 

lVh - ,'1 YVnh(149 

;VXiZg Va eVi]d Zc YZiZXi dc Wn Xa c XVa b XgdW dad n bZi]dYh150 
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// XVhZh //(0 ]VY edh i kZ Xa c XVa eVi]d Zc YZiZXi dch( :bdc i]Zb& -- --(- 151 

XVhZh lZgZ edh i kZ [gdb i]Z <L XjaijgZ& -, -,(- XVhZh lZgZ edh i kZ [gdb i]Z WaddY152 

XjaijgZ& VcY - -(  XVhZh d[ i]Zb lZgZ edh i kZ Wdi] [gdb <L VcY WaddY XjaijgZ( ,153 

, (, XVhZh ]VY edh i kZ gZhjaih d[ :aZgZ ; cVmGdl®LigZeidXdXXjh ecZjbdc VZ154 

:ci Zc iZhi( Bc iZgbh d[ eVi]d Zc Y hig Wji dc& L( ecZjbdc VZ c[ZXi dc lVh i]Z eg bVgn155 

eVi]d Zc& ,- . (2 XVhZh d[ X] aYgZc l i] i]Z egZhZcXZ d[ i] h WVXiZg Va c[ZXi dc(156 

daadlZY Wn LigZeidXdXXjh V VaVXi V c XVhZh ,*(* & >hX]Zg X] V Xda c h m XVhZh157 

*(3 & LiVe]nadXdXXjh VjgZjh c [ kZ XVhZh 3(*3 & E hiZg V bdcdXnid ZcZh c [djg158 

XVhZh 1(- ( M]ZgZ lVh Vahd dcZ XVhZ d[ >ciZgdXdXXjh [VZXVa h& LigZeidXdXXjh WVXiZg V&159 

LigZeidXdXXjh b i h& AVZbde] ajh c[ajZcoVZ& LigZeidXdXXjh Wdk h& VcY > X ]Za jb160 

ZX] cdWVXiZg jb& gZheZXi kZan(161 

G@L gZhjaih162 

G@L dkZgVaa YViV163 

33 hVbeaZh d[ XZgZWgdhe cVa [aj Y lZgZ YZiZXiZY Wn G@L& VcY ZcZgViZY ,& 2/,&12*&1*1164 

gVl gZVYh( :[iZg i]Z gZbdkVa i]Z h]dgi gZVY aZc i] aZc i] v -/We & i]Z adl XdbeaZm in165 

VcY adl'fjVa in gZVYh& ,&2.0& 33&02, lZgZ dWiV cZY( M]Z VkZgV Z cjbWZg d[ gVl gZVYh166 

VcY XaZVc gZVYh [dg ZVX] hVbeaZ lZgZ ,2&2 /&301 VcY ,2&1.3&.3,& gZheZXi kZan( M]Z167 

bZVc gViZ d[ 3/(-/ bVeeZY id i]Z ]jbVc ZcdbZ( :cY [ cVaan& i]Z VkZgV Z gVi dh d[ i]Z168 

gZVYh bVeeZY id WVXiZg Va& k gVa VcY [jc Va ZcdbZ lZgZ *(*, 0 & *(**** / VcY169 

*(***.*/ & gZheZXi kZan(170 
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=ZiZgb cVi dc d[ eVi]d Zch Wn G@L iZX]cdad n171 

: idiVa d[ * cYh d[ eVi]d Zc X b Xgddg Vc hbh lZgZ YZiZgb cZY Wn G@L( M]ZgZ lZgZ172 

h m cYh d[ @gVb'edh i kZ WVXiZg V& ild cYh d[ @gVb'cZ Vi kZ WVXiZg V& dcZ cY d[ k gjh173 

ild XVhZh d[ XnidbZ Vadk gjhZh VcY dcZ cY d[ eVgVh iZ MVZc V hV cViV Vbdc i]Zb(174 

:bdc i]Z eVi]d Zc X WVXiZg V& L( ecZjbdc VZlVh hi aa i]Z egZYdb cVci eVi]d Zc175 

VXXdjci c [dg / (, d[ WVXiZg V& [daadlZY Wn LigZeidXdXXjh V VaVXi VZ c 3(/ d[176 

WVXiZg V& LiVe]nadXdXXjh VjgZjh c 1(- & >ciZgdXdXXjh [VZXVa c1(- & >hX]Zg X] V Xda c177 

.(3 & E hiZg V bdcdXnid ZcZh c .(3 ( M]Z XdkZgV Z& YZei] VcY jc fjZ gZVYh d[ Y [[ZgZci178 

he XZh lZgZ WZilZZc *(**.0 '02 & ',& ,'01//*& gZheZXi kZan( MVWaZ VcY jgZ (179 

<dbW cVi dc d[ G@L VcY Xa c XVa b XgdW dad n bZi]dYh180 

<dbW cZY l i] Xa c XVa eVi]d Zc YZiZXi dc bZi]dYh VcY G@L iZX]cdad n& 10 cYh d[181 

b Xgddg Vc hbh lZgZ YZiZgb cZY l] aZ .. d[ i]Zb lZgZ YZiZXiZY Wn G@L VcY //d[ i]Zb182 

lZgZ YZiZXiZY Wn Xa c XVa b XgdW dad n bZi]dYh( : idiVa d[ 02 XVhZh 02(1 ]VY edh i kZ183 

eVi]d Zch& d[ l] X] 01 XVhZh 01(1 ]VY edh i kZ WVXiZg Va eVi]d Zc gZhjaih( G@L184 

cXgZVhZY i]Z edh i kZ gViZ d[ eVi]d Zc YZiZXi dc Wn -(  i]Z edh i kZ gViZ d[ eVi]d Zc185 

YZiZXi dc cXgZVhZY [gdb //(0 id 02(1 VcY ,-(0 d[ i]Z eVi]d Zch lZgZ186 

cYZeZcYZcian YZiZXiZY Wn i]Z G@L bZi]dY(187 

Bc iZgbh d[ VcVano c heZX [ X eVi]d Zc& V idiVa d[ ,3 L( ecZjbdc VZ lZgZ YZiZXiZY Wn188 

XdbW cVi dc bZi]dYh& l] aZ h m d[ i]Zb lZgZ cYZeZcYZcian YZiZXiZY Wn i]Z G@LbZi]dY5189 

V idiVa d[ / L( V VaVXi VZ lZgZ YZiZXiZY Wn XdbW cVi dc bZi]dYh& l] aZ [djg d[ i]Zb lZgZ190 
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cYZeZcYZcian YZiZXiZY Wn i]Z G@LbZi]dY5 V idiVa d[ hZkZc LiVe]nadXdXXjh VjgZjh lZgZ191 

YZiZXiZY Wn XdbW cVi dc bZi]dYh& VcY ild d[ i]Zb lZgZ cYZeZcYZcian YZiZXiZY Wn i]Z192 

G@L bZi]dY5 V idiVa d[ hZkZc >hX]Zg X] V Xda lZgZ YZiZXiZY Wn XdbW cVi dc bZi]dYh&193 

VcY dcZ d[ i]Zb lZgZ cYZeZcYZcian YZiZXiZY Wn i]Z G@L bZi]dY jgZ , (HkZgVaa& L(194 

ecZjbdc VZ c7,3& -3(1 & L( V VaVXi VZ c7 /& ,*(/ & LiVe]nadXdXXjh VjgZjh c71&195 

3(0 & VcY >hX]Zg X] V Xda c71& 3(0 lZgZ i]Z bdhi [gZfjZcian YZiZXiZY eVi]d Zch c196 

i] h hijYn( Bc VYY i dc& i]ZgZ lZgZ [djg XVhZh d[ E hiZg V bdcdXnid ZcZh /(/ & i]gZZ d[197 

>ciZgdXdXXjh [VZX jb .(  jgZ - (198 

<dbeVg hdc d[ i]Z G@L'edh i kZ VcY G@L'cZ Vi kZ gdjeh199 

M]Z G@L'edh i kZ gdje Xdbeg hZY . . (. eVi Zcih l]d ]VY edh i kZ WVXiZg Va gZhjaih200 

Wn G@L( M]Z G@L'cZ Vi kZ gdje Xdbeg hZY /2 XVhZh( IVi Zcih c i]Z G@L'edh i kZ201 

gdje ]VY ZcZgVaan h]dgiZg YVnh c iZgbh d[ YjgVi dc [gdb dchZi id i]Z hVbeaZ XdaaZXi dc202 

bZY Vc YVnh / kh( - YVnh& I 7 * VcY h]dgiZg dchZi YVnh i]Vc i]dhZ c i]Z203 

eVi]d Zc'cZ Vi kZ gdje bZY Vc YVnh 0 kh( ,/ YVnh& I 7 *(**/ ( P i] gZ VgY id WaddY204 

c[aVbbVidgn cY XZh& eVi Zcih c i]Z G@L'edh i kZ gdje lZgZ [gZfjZcian [djcY id ]VkZ205 

] ]Zg cZjigde] ah 00(1 kh( /.(1 & I 7 *(**, i]Vc i]dhZ c i]Z G@L' cZ Vi kZ gdje(206 

M]Z ild gdjeh d[ eVi Zcih Y Y cdi Y [[Zg h c [ XVcian c V Z dg Y V cdh h YjgVi dc( Bc207 

VYY i dc& i]ZgZ lVh cd h c [ XVci Y [[ZgZcXZ c i]Z h bjaiVcZdjhan <L P;< Xdjci208 

WZilZZc bZbWZgh d[ i]ZhZ ild gdjeh& VcY i]Zn ]VY <L h b aVg egdiZ c VcY ajXdhZ209 

aZkZah MVWaZ , (210 
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Discussion 211 

Bi XVc WZ hZZc [gdb djg YViV i]Vi G@L XVc begdkZ i]Z dkZgVaa edh i kZ gViZ d[ eVi]d Zc212 

YZiZXi dc& ZheZX Vaan c Xa c XVaan cZ Vi kZ hVbeaZh( M]Z gZhjaih d[ Xa c XVa eVi]d Zc213 

YZiZXi dc VcY G@L eVi]d Zc h]dlZY i]Vi 02 XVhZh 02(1 lZgZ edh i kZ c 33 XVhZh d[214 

WVXiZg Va bZc c i h& 01 XVhZh 01(1 lZgZ edh i kZ [dg WVXiZg Va eVi]d Zch( jgi]Zg215 

VcVanh h d[ YViV& lZ [djcY i]Vi - XVhZh ]VY edh i kZ eVi]d Zch c i]Z gdje d[ Xa c XVa216 

b XgdW dad XVa'cZ Vi kZ gdje .. XVhZh ( G@L cXgZVhZY i]Z edh i kZ gViZ d[ eVi]d Zc217 

YZiZXi dc Wn -(  i]Z edh i kZ gViZ d[ eVi]d Zc YZiZXi dc cXgZVhZY [gdb //(0 id218 

02(1 ( :ai]dj ] i]ZgZ VgZ [Zl gZhjaih c iZgbh d[ G@L jh c c i]Z aVg Z edejaVi dc d[219 

WVXiZg Va bZc c i h& i]ZgZ h cXgZVh c Zk YZcXZ d[ V gdaZ [dg G@L c i]Z ldg 'je d[220 

jcY V cdhZY ZcXZe]Va i h VcY bZc c i h T -U( ;gdlc CK Zi Va gZXdbbZcY G@L h]djaY WZ221 

Xdch YZgZY Vh V [gdci'a cZ Y V cdhi X iZhi c X]gdc X VcY gZXjgg c ZcXZe]Va i h( :cY i]Z222 

gZhjaih c djg hijYn Xdch hiZci l i] V hijYn d[ G@L l] X] XdcYjXiZY c eVi Zcih l i] hZeh h&223 

VcY YZiZXiVW a in lZgZ h c [ XVcian cXgZVhZY [gdb ,(2, id -*(11 T .U( Bi cY XViZh i]Vi224 

Vc G@L'WVhZY VeegdVX] ]Vh gZVi ediZci Va id YZiZXi XVjhVi kZ eVi]d Zch d[ c[ZXi djh225 

Y hZVhZh(226 

NcW VhZY G@L iZX]cdad n Vbea [ Zh Vaa cjXaZ X VX Yh egZhZci c V Xa c XVa hVbeaZ&227 

cXajY c Wdi] ]dhi VcY b XgdWZh l i]dji gZfj g c eg bZgh [dg iVg ZiZY Vbea [ XVi dc& VcY228 

XVc ediZci Vaan ZcZgViZ b XgdW Va hZfjZcXZ YViV d[[Zg c i]Z XVeVW a in d[ YZci [n c V229 

kVg Zin d[ dg Vc hbh' WVXiZg V& k gjh& [jc & dg eVgVh iZ T /U( :h XVc WZ hZZc [gdb djg hijYn&230 
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3/(-/ d[ i]Z G@L hZfjZcX c YViV lZgZ XdbeVgZY id i]Z ]jbVc ZcdbZ& l]ZgZVh aZhh231 

i]Vc 6  id i]Z eVi]d Zc ZcdbZ( IgZk djh hijY Zh gZ[ZggZY id i]Z Veea XVi dc d[ G@L c232 

Xa c XVa eVi]d Zc YZiZXi dc h]dlZY h b aVg h ijVi dc c Wdi] WVXiZg Va VcY)dg k gjh233 

c[ZXi dch T .U( Bc VYY i dc& i] h bZi]dY XaZVgan h]dlh i]Z VYkVciV Zh d[ gZXd c o c234 

bjai 'eVi]d Zch c[ZXi dc( :aZmVcYZg VcY di]Zg gZhZVgX]Zgh ]VkZ Zbe]Vh oZY i]Vi i h235 

bedgiVci id g X] i]Z ZcdbZ YViVWVhZ c dgYZg id Zc]VcXZ i]Z XdbeaZiZcZhh VcVanh h d[236 

i]Z gZhjaih( B[ ndj dcan VYY V eVgi d[ ZcZ hZfjZcXZ id i]Z YViVWVhZ& i] h bVn gZYjXZ i]Z237 

hZch i k in d[ i]Z VhhVn T 0& 1U( M]ZgZ[dgZ& c dgYZg id kZ [jaa eaVn id i]Z ediZci Va d[ G@L& i238 

h cZXZhhVgn id hZi je V lZaa hj iVWaZ adXVa YViVWVhZ VcY XdkZgV Z eVi]d Zc ZcdbZ Vh239 

bjX] Vh edhh WaZ( M]Z gZhjaih c djg hijYn h]dlZY i]Vi i]Z eg bVgn eVi]d Zc lVh hi aa L(240 

ecZjbdc VZ( ,3 XVhZh d[ L( ecZjbdc VZ lZgZ YZiZXiZY& VXXdjci c [dg -3(1 d[ i]Z idiVa241 

WVXiZg Va eVi]d Zch( Bi h ldgi] cdi c i]Vi i]Z hZXdcY eaVXZ d[ i]Z eVi]d Zc h L(242 

V VaVXi VZ c / XVhZh& VXXdjci c [dg ,*(2 d[ i]Z idiVa YZiZXiZY WVXiZg Va eVi]d Zch(243 

M] h h Xdch hiZci l i] i]Z g h c igZcY d[ L( V VaVXi VZ& l] X] ]Vh WZZc gZedgiZY c djg244 

egZk djh hijYn T 2U( jgi]ZgbdgZ& lZ [djcY ild XVhZh l i] XnidbZ Vadk gjhZh c[ZXi dc VcY245 

dcZ eVi Zci l i] MVZc V hV cViV( M]ZhZ i]gZZ eVi Zcih lZgZ Y V cdhZY Vh WVXiZg Va246 

bZc c i h YZ[ c iZan& i]jh G@L XaZVgan h]dlh i]Z VYkVciV Zh d[ gZXd c o c247 

bjai 'eVi]d Zch c[ZXi dc( AdlZkZg& i]Z gdaZ d[ di]Zg b Xgddg Vc hbh& Z( (248 

XnidbZ Vadk gjhZh VcY MVZc V hV cViV& c i]Z egdXZhh d[ WVXiZg Va bZc c i h h]djaY WZ249 

[jgi]Zg Y hXjhhZY c i]Z [jijgZ(250 
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M]Z ciZgegZiVi dc d[ i]Z G@L gZhjaih h d[ gZVi bedgiVci VcY Y [[ Xjai c hdbZ h ijVi dch(251 

G@L eVi]d Zc YZiZXi dc jhjVaan dWiV ch V kVg Zin d[ hjheZXiZY eVi]d Zch ZcZ252 

hZfjZcXZh& VcY ]dl id Y hi c j h] WZilZZc eVi]d Zch VcY XdciVb cVi c WVX gdjcY253 

WVXiZg V WZXdbZh Xg i XVa( IgdXZYjgZh cXajY c Xa c XVa heZX bZc XdaaZXi dc& hVbeaZ254 

egZhZgkVi dc& igVchedgiVi dc VcY i]Z ZmeZg bZciVa egdXZYjgZh& bVn XVjhZ edaaji dc VcY255 

aZVY id XdciVb cViZ i]Z heZX bZc b mZY l i] hd XVaaZY sWVX gdjcYt b XgdW Va ZcZ256 

hZfjZcXZ& l] X] bVn V[[ZXi i]Z G@L YViV VcVanh h T /& 3&,*U& gZhjai c c [VahZ edh i kZ257 

gZhjaih VcY ] cYZg i]Z YdXidgh( L b aVg id egZk djh gZedgih& lZ [djcY i]Vi i]Z bdhi258 

Xdbbdc WVX gdjcY WVXiZg jb lVh Igde dc WVXiZg jb VXcZh c djg hijYn YViV cdi259 

h]dlc ]ZgZ T .U(260 

PZ XdbeVgZY G@L'edh i kZ VcY G@L'cZ Vi kZ gdjeh& VcY VcVanoZY [VXidgh i]Vi XdjaY261 

V[[ZXi G@L gZhjaih( IVi Zcih c i]Z G@L'edh i kZ gdje ]VY ZcZgVaan h]dgiZg YVnh c iZgbh262 

d[ YjgVi dc [gdb dchZi id i]Z hVbeaZ XdaaZXi dc bZY Vc YVnh / kh( - YVnh& I 7 * VcY263 

h]dgiZg dchZi YVnh i]Vc i]dhZ c i]Z eVi]d Zc'cZ Vi kZ gdje bZY Vc YVnh 0 kh( ,/ YVnh&264 

I 7 *(**/ ( Bc iZgbh d[ i bZ WZilZZc ild gdjeh& lZ [djcY i]Vi -, 3.( , d[ i]Z265 

hVbeaZh lZgZ aZhh i]Vc ., YVnh YViV Y Y cdi h]dl c i]Z G@L'edh i kZ gdje( Hcan ,266 

eVi Zcih gZXZ kZY XZgZWgdhe cVa [aj Y hVbeaZh 8 ., YVnh( Bi cY XViZY i]Vi i]Z ZVga Zg267 

YZiZXiZY i]Z bdgZ edh i kZ edhh W a in( Bc VYY i dc& i h cdi c i]Vi i]ZgZ lVh cd h c [ XVci268 

Y [[ZgZcXZ c i]Z h bjaiVcZdjhan <L P;< Xdjci WZilZZc ild gdjeh& VcY i]Zn ]VY <L269 

h b aVg egdiZ c VcY ajXdhZ aZkZah( M]ZhZ Vaid Zi]Zg hj Zhih i]Vi i]Z dg cVa hZkZg in d[270 
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c[aVbbVi dc& cdi i]Z c[aVbbVi dc hiVijh l] aZ i]Z h bjaiVcZdjhan G@L YZiZXih b ]i271 

YZiZgb cZ i]Z G@L gZhjaih( M]Z beVXi d[ i bZ dc i]Z gZhjaih d[ G@L bVn WZ gZaViZY id i]Z272 

cjXaZ X VX Y XdciZci c i]Z heZX bZc& Wji i] h h hi aa id WZ [jgi]Zg kVa YViZY Wn [jijgZ Xa c XVa273 

hijY Zh d[ aVg Z hVbeaZh(274 

Md djg cdlaZY Z& i]Z egZhZci hijYn h dcZ d[ i]Z aVg Zhi XVhZ hZg Zh d[ jh c G@L c275 

eZY Vig X WVXiZg Va bZc c i h eVi Zcih VgdjcY ldgaY( AdlZkZg& i] h hijYn ]Vh hdbZ276 

a b iVi dch( Bi lVh V h c aZ XZciZg& ]dhe iVa'WVhZY gZigdheZXi kZ YZh c& l] X] cigdYjXZh277 

i]Z edhh W a in d[ jcgZXd c oZY W VhZh& cXdbeaZiZ YViV XdaaZXi dc( M]jh& [jgi]Zg278 

egdheZXi kZ bjai 'XZciZg hijY Zh VgZ cZXZhhVgn id Zcg X] i]Z ZcZgVa oVW a in d[ G@L279 

iZX]cdad n jh c c eZY Vig X WVXiZg Va bZc c i h(280 

Bc hjbbVgn& djg hijYn YZbdchigViZY i]Z XdbegZ]Zch kZ Y V cdhi X VW a in d[ G@L c281 

YZci [n c Zi dad n d[ WVXiZg Va bZc c i h VcY i]Z [VXidgh VhhdX ViZY l i] i]Z G@L gZhjaih(282 

:h V cZl iZX]cdad n d[ YZiZXi dc& G@L XdjaY WZ V egdb h c VaiZgcVi kZ Y V cdhi X283 

edlZg[ja idda [dg eVi]d Zc YZiZXi dc Vaadl c jh id YZiZXi dg Vc hbh c Xg i XVaan aa eVi Zcih284 

hj[[Zg c [gdb WVXiZg Va bZc c i h(285 

Conclusions 286 

G@L XdjaY WZ V egdb h c VaiZgcVi kZ Y V cdhi X VeegdVX] [dg Xg i XVaan aa eVi Zcih287 

hj[[Zg c [gdb WVXiZg Va bZc c i h c eZY Vig X edejaVi dc(288 

GdiZh289 

jcY c ( M] h ldg lVh hjeedgiZY Wn cd [djcYVi dc(290 
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<dc[a Xi d[ ciZgZhi( Gd Xdc[a Xih d[ ciZgZhi VgZ YZXaVgZY l i] gZ VgY id i] h Vgi XaZ(291 

:X cdlaZY ZbZcih( PZ ldjaY a Z id i]Vc Igd[Zhhdg Adc o] @jVc Vi i]Z =ZeVgibZci d[292 

GZjgdad n& IZ c Nc dc FZY XVa <daaZ Z Adhe iVa [dg ] h Vhh hiVcXZ VcY kVajVWaZ293 

hj Zhi dch d[ i] h hijYn( lZ ldjaY a Z id i]Vc ; d WVc [dg = hZVhZh c <] aYgZc ;Z c294 

<] aYgZcrh Adhe iVa& <Ve iVa FZY XVa Nc kZgh in [dg i]Z g Xdcig Wji dc d[ hidg c i]Z <L295 

hVbeaZh l i] hiVcYVgY egdXZYjgZh( Bc VYY i dc& lZ ldjaY a Z id i]Vc QjZ RVd Vi296 

;@B'L]Zco]Zc [dg ]Zg XddgY cVi dc c i] h hijYn(297 

:ji]dg Xdcig Wjidgh( :aa d[ i]Z Vji]dgh ]VY VXXZhh id i]Z [jaa YViVhZi cXajY c i]Z298 

hiVi hi XVa gZedgih VcY iVWaZh VcY iV Z gZhedch W a in [dg i]Z ciZ g in d[ i]Z YViV VcY i]Z299 

VXXjgVXn d[ i]Z YViV VcVanh h( @ER& ERC& RRA VcY E@ XdcXZ kZY VcY YZh cZY i]Z hijYn(300 

@ER& EEE& SR& PR& SE& A;& AAE& <AR& <MF& @Q lZgZ ckdakZY c XVhZ VcY hVbeaZ301 

XdaaZXi dc& VcVanh h& VcY ciZgegZiVi dc d[ i]Z YViV( @ER& ERC& PAE& SCE eVgi X eViZY c i]Z302 

aVWdgVidgn VcVanh h d[ <L ( @ER lgdiZ i]Z [ ghi YgV[i d[ i]Z eVeZg( @ER& RRA& VcY E@303 

gZk ZlZY VcY VeegdkZY i]Z [ cVa gZedgi(304 
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Table 1. Pathogenic microorganisms determined by NGS 374 

 

Type Pathogens No. Coverage Depth 
Unique 

Reads 

Gram-positive 

bacteria 

Streptococcus pneumoniae 21 0.011%-11% 1-1.1 4-1105 

Streptococcus agalactiae 8 0.0046%-25% 1-1.2 2-12004 

Staphylococcus aureus 3 0.26%-2.4% 1 56-1380 

Enterococcus faecium 3 0.03%-0.74% 1 17-394 

Listeria monocytogenes 2 0.04%-5% 1 8-2561 

Staphylococcus pasteuri 1 20% 1.1 5716 

Gram-negative 

bacteria 

Escherichia coli 2 0.34%-0.46% 1 32-65 

Pseudomonas aeruginosa 1 68% 2 67550 

Virus Cytomegalovirus 2 0.45%-1.1% 1 20-49 

Parasite Taenia saginata asiatica 1 0.58% 1 9610 

Total �  44 0.0046%-68% 1-2 2-67550 
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Table 2. Comparison of NGS-positive and NGS-negative groups a 375 

Items NGS-positive b  NGS-negative  P 

(n=41) (n=58) 

Age (days) 230(69.5-425) 116.5(65.5-392.5) 0.379 

Duration from onset to the sample collection 

(days) 
15(8.5-28) 31(17-45) 0 

Onset (days) 6(4-21) 25(4-41) 0.005 

Diagnosis Duration (days) 4(2-8) 3(1-6.75) 0.66 

Peripheral 

Blood 

WBC(×10^9/L) 17.3±11.9 13.5±7.3 0.074 

neutrophils (%) 66.7±15.7 54.7±20.2 0.002 

hemoglobin (g/L) 104.0±19.9 103.8±17.2 0.943 

C-reactive protein (mg/L) 29 (11.0-101.1) 27.7(8-108.5) 0.393 

1st CSF WBC (×10^6/L) 910(336-2825) 403(98-2040) 0.125 

multinuclear cells (%) 70(38.75-85) 60(22-75) 0.165 

monocyte (%) 24.3(15-55.5) 38.5(23.0-75.0) 0.099 

protein (mg/L) 1278(837-2234) 1340(596-1982) 0.485 

glucose (mmol/L) 1.47(0.87-2.74) 2.48(1.02-2.48) 0.12 

Simultaneously 

CSF c 

WBC (×10^6/L) 10(2-17) 11(2-37) 0.432 

multinuclear cells (%) 10(4-16) 12(5-20) 0.723 

monocyte (%) 20(12-28) 30(15-54) 0.051 

protein (mg/L) 557(296-1149) 594(367-1079) 0.85 

glucose (mmol/L) 2.85(2.43-3.46) 2.90(2.46-3.66) 0.869 
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NGS, next generation sequencing; WBC, white blood cell; CRP, C-reactive protein; CSF, 376 

cerebrospinal fluid.  377 

a Results are reported as the median (interquartile range), or as the percentage.  378 

b NGS-positive group refers to the cases who had positive bacterial NGS results.  379 

c Simultaneously CSF refers to the CSF results by clinical testing at which time CSF is detected 380 

by NGS. 381 
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 382 
Figure 1. The distribution of different bacterial pathogens by NGS 383 

Note: Spn, Streptococcus pneumoniae; GBS, group B Streptococcus; SA, Staphylococcus aureus; 384 

Eco, Escherichia coli; Li, Listeria monocytogenes; Efa, Enterococcus faecium; others includes 385 

Pseudomonas aeruginosa and Staphylococcus pasteuri. 386 
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 387 
Figure 2. Number of different pathogens detected by clinical testings and combination with 388 

NGS 389 

Note: Spn, Streptococcus pneumoniae; GBS, group B Streptococcus; SA, Staphylococcus aureus; 390 

Eco, Escherichia coli; Li, Listeria monocytogenes; others includes Enterococcus faecalis, 391 

Enterococcus faecalis, Streptococcus pyogenes, Streptococcus mitis, Streptococcus bovis, 392 

Haemophilus influenza, Streptococcus bovis, Eikenella corrodens, Pseudomonas aeruginosa and 393 

Staphylococcus pasteuri, Cytomegalovirus and Taenia saginata asiatica 394 
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 395 

 396 
Figure 3. The distribution of bacterial pathogens by combination of clinical methods and 397 

NGS 398 

Note: Spn, Streptococcus pneumoniae; GBS, group B Streptococcus; SA, Staphylococcus aureus; 399 

Eco, Escherichia coli; Li, Listeria monocytogenes; Efa, Enterococcus faecium; others including 400 

Enterococcus faecalis, Streptococcus pyogenes,Streptococcus mitis, Haemophilus 401 

influenza,Streptococcus bovis, Eikenella corrodens, Pseudomonas aeruginosaand 402 

Staphylococcus pasteuri;others includesEnterococcus faecalis, Streptococcus 403 

pyogenes,Streptococcus mitis, Haemophilus influenza,Streptococcus bovis, Eikenella corrodens, 404 

Pseudomonas aeruginosaand Staphylococcus pasteuri 405 
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