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Project Title Analysis of gene expression and the severity of dengue virus infection 

Name of the Investigators Kanya Suphapeetiporn 

Woraman Waidab 

Vorastlk Shotelersuk 

Usa Thisyakom 

September 2552 

Abstract 

Year 

The aim of this study is to elucidate the cellular gene responses to dengue viral infection 

at the transcriptional level and to correlate expression levels with disease activity andlor clinical 

manifestation. Clinical diagnosis of dengue infection and its severity were based on World Health 

Organization criteria. Whole blood mRNA from children with dengue infection was analyzed on 

the day of defervescence. Expression levels of IL-8, IL-l,8, and MMP-9 in peripheral blood 

leukocytes were assayed in 30 children with dengue fever (DF), 19 children with dengue 

hemorrhagic fever (DHF) and 10 children with other febrile illness (OFI) by real-time reverse 

transcription quantitative polymerase chain reaction (RT-PCR). The results revealed that the 

mRNA expression levels of IL-8 and IL-lp obtained from peripheral blood leukocytes were not 

significantly different between children with DF and those with DHF. However, the MMP-9 

rnRNA levels were significantly elevated in children with DHF during defervescence. 

Our study suggested that the MMP-9 might have an important role in dengue 

pathogenesis. To gain fbrther insight into the pathogenesis of DF and DHF, serial transcription 

profiling of the MMP-9 and other relevant genes should be monitored and compared. The 

expression pattern of these genes in peripheral blood leukocytes might serve as a predictor of 

dengue disease activity. 
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~u~~durrn~i~i~ou~~uiuu-n'uuiuu~muiwwirdrriwffiunfouraa~.rdrriwa?wu oinmr 

dduuidn~uo.ra"n~mrdr~~inr$nuiiiduain~u nisuuiuiauoqaauiilo9 iiarnirnuuinu 

~ndo.a&uin$u v i i~$wun i r r ru imunc?~ ia"o~o~n~~ in"ou~a~m~~~~  
.4 

~rn?~domooni~mainLio!aini$~~a (Dengue virus) %9l8u RNA ?a?nluniu 

Flavivirus i ~ 9 . 1 ~  (Aedes oegvpti) iSuwinrv0.11rn hftliiitii? ii 4 ;ls'$Ud (serotype) ?kid 
DEN-1, DEN-2, DEN-3, DEN-4 wfiolnmrtimiio ~4aurziitJG~atiuio3Frw'ud~uP;1nom3?n 

4, k 
!&a"omoond~u~n$wu~pd~dat]~$nou~9a'u~ld (dauor!$iuL$ooinniJenq9aiuMui%o 

2 9 1 1  Iaiadtiiaiiul n~~~1niimmtmnogdau~z6inm9~1n1~uo9~rniinnd19n'u ~daud?ulni?$ 

ii~m.loinif $ d ~ u ~ i m m ~ o i n 1 r ~ 1 u 1 r n ~ i i i ~ n ~ o n ~ i ~ n a 1 ~ ~ u 1 i ~ ~ ~ m u 1 ~ ~ a ' n i n m . n " u o . r ~ ~ 6 n 1 ~  

oui~utrFan18iflu4 

1. njuoims?6l$nriummq (Undifferentiated fever) rinnvludndn ~dauioimr 

!4'q.riiuaoditGu? n'iooiaiiffui?ari?u 

2. Tr~I<i$;iia (Dengue fever) h ~ ~ ~ l l i d n h ~ ? ~ ( h ~  ~oimr?UYg~i~uu~a'u dam 
d 

flrv:: Jamroun~ruon~i damnfli~ido imzdamnrr~fl oinird?m~u~i~.~uin~u~ 

$o~unil?~nrZ~nian (break bone fever) ijpmi~o~oon~iaBan nimmnougii 

mA1Lauan ~dil. l~uitn~m~wuib~~b~no~in!X 

3. 1rnlGia"omoon (Dengue hemorrhagic fever) i i n ~ o l r d i ~ ~ ~ o ~ n i r ~ a u o . r w a i n u i  
a 4  

Rimronnu~8~inrr~u~a1~~1nrnwq.r~~ iRirZi1uio.ridoy~an1omn~oIpdio9 
acid 

$89 n r o l n u m r h v ~ . r w a i n u ~ u ~ n o ~ ~ ~ i ~ ~ ~ ~ a u i ~ ~ ~ n ~ a r ~ o n  (Dengue shock 

syndrome, DSS) 
91d 91.4 

W ~ ~ ~ ~ ~ ~ G ~ ~ ~ ~ T ~ ~ ? ~ ' ~ ~ " B ~ O B ~ ~ ~ I P ~ L ~ M ~ W S I ~ ~ ' U L L ~ ~ W I M ~ O ~ ~ J " ~  ? ~ ~ R n l n g Q b i ~  
0, 44 

waoioniriiim!~ia"omooniiar~oou6uwad~nai~~uiis~uo~~rn wuiiilobidua~unirliin 

%4ia"ofioondsrnsuXa~~~' 



I. i lab~dak; iu@I3u (host) 

1 . 1  WJ!J 1 ~ n ~ t i n ~ 1 u 1 ~ u . r u o ~ n 1 ~ 1 i i ~ ~ ~ n ~ ~ 1 a * o ~ o o n d i o 1 n 1 ~ ~ u t t ~ ~ u 1 n n i 1 ~ l p . 1 ~  

iia-iittu3Tli;dQznututinTBItata"u<uuin$u s i n n i r 8 n l n n  j u h o t i i d t u  
d r 

n l a m w m i u n r  wu~ioiyiabuuod~~'il?u~t"ui?uni%?n~ii~u~daer~ua~n 

1 ~ i i o ~ o o n i m 3 d d u u t 1 d a d  a i n  3 3  lo  i z o u  h $ - ~ w . ~ . 2 5 0 4 - 2 5 1 3  tfiu 5 3 7 i $ o u  

$ u $ a ~ ~ . f f .  2514-2523 73 5 6;d'W%'W$79~.8.2524-2533 Iaaz 8 3 %~$3dw.8.2534- 

2543 

1.2 ~ ~ R M ~ ~ ~ ~ I ~ I ~ ~ ~ ~ ~ ~ R ~ ~ ~ ~ M ~ ~ ~ ~ ~ ~ ~ L W ~ ~ " I I I ~  
a 4 

1.3 3:uuniiGiiu ~inrnriinlnnuii~nu~nu~'~~~~t~~ISU'~a"o~~on~~o~ni~ 
$ *  l u e c d u $ u o d i . r ~ o v  15 d i t d o i i m r i i c l i a o h  (secondary dengue infection) TRUL& 

d s 4 
Y Y  

t~~n3ab* iudddid~inni r~~1~on?. j6ou (primary dengue infection)' n13 

souauo9aotrJ~~un'u"uod~19nlu1~o~nl~~R~i~  w u i l i i n l 3 n i ~ m r  cytokines ~m:: 
d s 4  n i r ~ d ~ o u d n d u o t ~ ~ ~ ~ ~ $ ~ n w ~ n  (T cells) km: 9 (B cells) ~ i l d ~ n i 3 w % 1  

r d d . 3  ' 
autoanhibody ~ ~ ~ ~ R I ~ Q R I I R I R I I ~ I ~ ~ ~  ~ I ~ ~ ~ ~ ~ ~ I ~ L I ~ ~ R ~ ~ D R ~ ~  IEi%6~RflIr!3 

uo~~aia0~ioonainnao~ta"o~ 

t & l ~ ~ o n o o n a $ i d a a n '  macrophage diumq virus receptor n i o r n d  FC- 

receptor n a l n n i ~ ~ o u ~ ~ 0 ~ u ~ ~ i i ~ n 1 u t ~ ~ ~ n 1 ~ 2 ~ ~ ~ o I ~ t ~ ~ ~ n  d ~ l ~ i n n i r i i  

d$3airiur:niic glycoproteins ~ O ~ U U  envelope ~ o ~ t ~ o ~ ~ ? n ~ ~ ~ ~ ? ~ ~ a w i ~  

(specific entry receptors) t ~ ~ : h ? ~ I ' ~ ~ ( c t o )  dllf1pI36 antibody 
d 9 s  

dependent enhancement t ~ ~ ~ ~ ~ ~ l ~ ~ 1 % ~ 6 ~ 1 ~ ~ 1 6 M ~ ~ ~ d 3 ~ ~ l u " t a " b R 0 ~ ~ o ~ " ~ ~ ~ i ~  

~ ~ i ~ ~ ~ ~ ~ ~ ~ ' ~ ~ i ~ a u n ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ n ' a ~ i ~ ~ ~ ~ ~ w " u ~ u ~ f i o u ~ ~ % ~ t n " ~ n ~ ~ n ~ ~ ~  
2 d 4 d 4  A 

antibody ~ B ~ Y U I R ~ ~ ? ~ U I : ~ ~ U ~ I ~ ~ I  neutralizing level adt8uil~%ud9i~i?u1w"Gni~ 
d 4 ea4 daduiol~~in~u~u~ta~~aiasrw"a'bu~u~~~n'  l u n s ~ l n u m s ~ ~ t ~ o ~ T ~ ~ " u d l ~ a i  

TRul~nkm~ratGi~t~aa"voor~uurJ54un'ul&uinududiuni~ antibody 
dde 

1l~in~m.rpid~~aiuisnoZuiunii~~~wp11sn!lu"ia"o~oon~ut~~91u8uwwuni~ 

r ru iauo .na$ou inn i i  i ibriui18 
B dd I 

UOnalnW'UaUf 3 antibody dependent enhancement 16th ~dkf l !nou=) w u n a u  

%uwu1~tii1~nass~SU'ido~00n~~116 immune complex, antibodies cross-reacting with 

vascular endothelium, complement activation 1 1 a - m m f i q 4 T ~ l n G  (cytokines) 1 i o  
d a d  

~41a"oasono~1140~alua"~F~Qum'11~~u (B cells) fI3:&4b?~fllSflfl9 Interleukin 6 

(IL-6) tm:: TNF-alpha ~ l ~ f 1 1 5 8 Q ~ M 1 9 ~ 0 9  Lin Llt~%n€M: ~¶.l'h B cells ~ h w d l ~ q % u  



& A n  2 ' -  
w u i % t i 1 1 ~ ~ u o ~ ~ s n % ~ 1 d ~ ~ o o n ~  ~u~a~numinwouu~~muimdi~~~~dn i~ . i i r l ~ .A '~s~  

A 
!~Boaooniinns~ut1*quindu l~ornsldlduu helper T cells type I (l-111) %.rwul~ 

@?ufj!k1lnlrl~~i15q ifh helper T cells type 2 (Th2) $~AuIu~~?uIc;R~uIOO~~ 
r Y  

"umir;uur.rtq ~~~b6$di$$oiaAua$;oqn"uni~~d"auui~daqd $8 mrdu8u 
9 10 , l l  

wad IL-10, IL-4 , TNF-alpha 11RS tumor growth factor-beta b89aslU s S ~ U V P ~ ~  IL- 
4 a  2 ,  vCi - d d  2' 

8 ~ ~ Y ( U U U U ~ ~ ~ U L P ; ~ ~ ~ ~ ~ ~ ~ " P I ~ I I L ~ ~ ~ I ~ ~ U I ~ ~ ~ ~  IUVRI::~~:~~UUO~ IL-12 R~NUUUG 

~laiudua~~s6unir1n"w~su*1a"owoon~~ 

1.4 I$am&lazri~~nrsu ~ u i ~ ~ u i i a i i i ~ ~ u ~ ~ n ~ ~ ~ ~ ~ w o o n ~ ~ o i n i ~ ; u ~ ~ ~ ~ ~ o ~ n ~ i  

auil?un ii~fiiniriin~iilob~i~w'u~n~ru~d~~aoionai~~~u~t~i~~a~~rnw~~i 

iiilolmchgnrrumtotiiq~$ua40q !kd mldnu polymorphisms I u 3 ~  HLA 

class I, TNF4 Fcyreceptor IL4 1151% 

A' ddcl 
2. ilobt6u-r61ul?$t1 r t u n n u m s s ~ u i ~ u o ~ ~ ~ ~ u i n n i ~  I iilsuiuilozwu7C8onoon 

!4~1nni11$~?4ta"o~oonmur*<te,~3~l 'Iaint6~iia4Irviud 2 ito:mr$iid?mor 

lai '~(vira1 load) ~ i n l u i i ~ n i u  i~anitIt%u.r~~dazdil~~da~~Goinir~uii~~ 
9 1  4 azliiuln?i u n n ~ n ~ ~ o i l a ~ n n v i ~ ~ . i i 1 t # ~ d a u ~ ~ ~ i ~ o ~ a i ~ 1 ~ 9 ~ a u 1 9 ~ i u ~ o i n i s  

~$t~~~"oaoon~u~n.rau~it~~!d~61ias6i;ofl i ) e b i q  host sa:: virus iidauldouab.1 odiq!~$aiu 
1 - 0 1  9 4 -  wiinliumai~u.rliniu7sna5uiuwu~~fiit~wttntwui~~ssa~uivaal$t~~w~~n~~aini~ 

2 ~ t n ~ l J i i ' w u ~  
su 4 4  

fll%dl%3%660d3~3191~616681~~1~30~1~llfl~3~09 (Survey of Related Literature) 

l ~ e ~ o o n t ~ u l m ~ w ~ ~ o ! a ~ a ~ i ~ ~ n i u ~ 5 0 1 w i ~ ~ ~ - a ~ 1 ~ ~ 1 u d ~ z 1 m ~ l  i i o a r z u ~ ~  

mnluqqdu ~ri~ain"um~ii~~Io$.ilauoz~~aw9oinis11oalTifi~~wnii~n"u oioe:iio1nirl4q.r 

danhsnre ~u~~zpl iuenwir I~W'~u ~ i o  o i~~umas~~~w~oniwdnS n31'ui~u4iainn15ia(~os 

wai~ailusiudiioinir~uitT9 ilal~u~~~tirnnmo~~iuna!n~ii!d~nia:~l~~~~~~~o~i~ 

Gmau ~ ~ o i i i ) o l d ~ d ~ u l " n u a ~ ~ ~ ~ u n a i u ~ u t t ~ . r ~ ~ ~ ~ s n ~ ~ t ~ ~  ilabmalain ilabmitwin:: 

1mrilabmri4au uons~nd'l6~mriinpIinaiu8uw"uisz~ii~na7nnis~opIauo~6uu~i1aniu 

~~u ia~~zor i~q$ . r  nid~u:zuu~ii{ur* (immune response) I I T I Z I I U ~ U ~ ~ ~ I L L ~ ~ ~ ~ " U D ~ L ~ " B R  

t iunnu~ullr~uo~lC~a"~mo~n oinoiTi%ln$diulnwp~a'i rnrnr::&~ii~18onvia~G~ 

monocyter L L R ~  lymphocytes 1uJzMjIq6~ms~nl$o dil8Gnirw6~ cytokines llnz ai4hna1r 

(chemical mediators) did7 & ~ ~ ~ # 1 ~ ~ ~ l I ~ ~ ~ ~ P ~ ~ 1 f l ~ l ~ l ~ ~ ~ ~ ~ L a " ~ ~ d ~ ~ ~ ~ ~ , " ~ 1 ~ ~ ~ ~ 1 ! ~ ~  

maz$anl3udqa a 1 ~ ~ w ; n u i 1 i i r z ~ ~ n ~ 1 u 1 s ~ ' ~ 1 ~ ~ 1 u ~ ~ i 1 ~ 1 ~ 1 ~ ~ f u 1 u ~ ~ a u ~ i ~ u ~ 6 ~ " a ~ ~ ~ 1 ~ ~ n ~ ~  
9 20.21 Qlnll~UilSa l&l6 TNFa, JL-lp, IL-8, IFN-y , sINFRs (soluble TNF receptors) ~~UIU tfll 



uiqaiin iiu IL-6, SICAM-I ~ i a j i m ~ i s n a r p ~ m i ~ ~ u ~ i ~ f i i  iio~ainnynnir8nYiainndu 

@kl9i197 ! & i t l ! h ~ ~ ? i ~ ~ ~ ' ~ ~ ~ ~ ~  
9rt 98 !aaq~nlnmr uara~oonvo9zudiqq luisia~inuiui~oisiaa"6~ndia!6?ui$~!a Jara49 

24-26 9  
53 (primay targets) 6d~ endothelial cells, macrophages ih$h ~ T R %  microarrays uDya 

9 . 4 9  9 d  =S Cia 2 iioanunlnainmriinp1iditara91wiwunqniuvo9Zuiiniriiar~9oonwiwuvu idu Zui 

i~ua6aiiurzuugii$uu (immune responses) n138nlfi~ (inflammatory responses) msniuv~.~ 

trnd (apoptosis) i?Juiu i inzniuvo~~uBinisiiaa9ooniaaa~ I ~ U  n iu  cytoskeletal genes iau 

i u  
4. 9 . 4  

Matrix metalloproteinase-9 (MMP-9) L ~ U P U U ~ ~ ~ I ~ T $ ~ ~ U ~ ~ ~ M ~ I M I $ U  protease 
dd 1 ldrlulunrju;uaauduaGo9n"pInisin"a vascular permeability UP:: vascular permeability $3: 

naiu~uriuin"una1u~uii~~(~o~n1s2~i~o!a?aid~Z k& ldrtulun judoinazi"nuaGo9n"p1 

nyn!nniriZa1rn!Ca"oaoon~~oini~~uiis~~X ~1nn1s8nwn1~ua~toonvo~3u9i1~~ hisiaa" 

ithn lnUh!i?¶J6$813?dL$9 (primary targets) 6iU macrophages Tau% microarraysi5 $b yn 

9 d 9  i#o~nun!aainni38np1idwu.;ii?u MMP-9 j in isah mRNA dynayn9 o i i d r  Rniu nisflnp11 
d s d  

1 Y 

fb~n$l~¶Ji l  dendritic cells ~~nl3~Rii8!??fl6R9naUn1Sdfl9 MMP-9 iriu%4imzii 

naiuZuGui?iu endothelial permeability 64;~ nir8n~idriiuuik!i~iuisnar~dnaiudi~~ 
401 Ci 

v o ~  MMP-9 ~i~mr~ai~o!a?ari69n'a!ioii9~~iou u o n a i n ~ ~ ~ ~ r n r 8 n l n a o u i n u a n " u  

na iuZuiu~votmr i ia ra~oonv~~~ud~~naiu~ui i~~"~o~!~ ia"oaoon . 
lun1r8nlnibd~t!~w"~~~s~iia"on"uu~~i$u~aii~u(~o~n~udi~ mdid!&iti IL-8, 

IL-Ipiiynz MMP-9 6io~jmriz~rz6uni~iiarR9oonv89~~1~udauvo9 mRNA ~ui i ja i i ;oav ia~~~ 
401 e C i 9  1 1 . 4 1  $4aunnaiao!a%i!9Za m~8ntnasun.runui~vo~n~u~ui~a1~non1r~1iG~1lrniiaznaiu 

A d  A *  4 . 4 4  

~unlauoslsn oie~zi1!d$na1u$na1ui~l~0~iwuvun9~u1~fili~ai6az~ulbarra~u1v~9~~n 

!&8onoon 1ta:oiaon~ub~~luois&u~i~a~i9~ (markers) f t o d o ~ r i i u i d r ~ ~  n ~ f ~ ~ u n i s  

&um$dauiiio!~?uiioi~9iiaiia'a!~oniatdu9~9#azi~u!$ia"oaoonv~~~uiis~!i rhl; 
d.4 rc 

$dau!6?umsilu1~iiazfnp1l!iw'u.n'a9~ do~i*mrA~i~u~m!d$n~aznuiaoaoonotii~ 

luur~unz90n 
r t B d  

6q;u 5ne~szn~n'uot~nrtni~~iwowaz8npIinaiudpJw'u6"v~~sz6uni~iiara~~on"uo~ 
e4 u u ~ ~ u a ~ o ~ i i u r ~ u u ~ ~ ~ ~ ~ n " ~ n " p ~ n a ~ u ~ u i i ~ ~ v o ~ ~ ~ n ~ n i ~ o ~ a ~ a r ~ d ~ ~ a  art ~nstnir&~nicnuiu 

A 
~ a z m n n ~ n n i r n o u ~ u o ~ v o ~ ~ i ~ n i u ~ ~ i ~ d ~ ! . u " i a " o a o ~ n ~ ~ o ~ n ~ r ~ u ~ i s ~  .a.roiai$u~o~n&?i 

~ n ~ ~ ~ m ~ n ~ m ~ ~ b m ~ f i u ~ n r r ~ ~ ~ ~ ~ u ~ a f i i ~ u a n a ~ u ~ u i i ~ ~ v o ~ ~ r n $ ~ i i n n d ~ ~ n ' u ~ u i i d a z  



Y .  
l CId 0 qnnn ~~"~~d~msw'~ui%nis~1sa~nl5f l9%~911ulunalu~u6i39"~o9nls~a~ib~atu*1a"b~o~n 

12;odi.rn~mn ~nn*oala:i%oiio141uouin~9 
46 ar;rn%%?.I (Procedure) 

ndu~2atjis~iazn~unauyu 

n jlrhotiig n'o $ 4 ~ u l r n ? $ ~ $ o ~ o o n 6 / % ~ i ? p 1 n i s ~ ~ ~ a 4 n ~ i # ~ ~ ~ u n ~ u i ~ t a ~ ~ i a m ~  
d 91 1s.rwmuia(~iatns~R~tioi1txni~n~qoi 15 ~dauozl6?urnr3~~iuoinis1ia~ds:i~unai%~ 

I ,  1 
;u6n~uotrnxft& $4au~~nu~!8;iumrwsaoiju~uaimai~olaiat~a5aFno% antibody 

captured ELISA 16QZ serotype-specific RT-PCR assays 

f l 1 ~ 6 ~ f l d ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 6 ~ ~ ~ b ~ ~ ~ i 0 ~ ~ ~ i ~ ~ ~ 6 1 ~ 9 " ~ ~ 9 ~ ~ ~ ~ ~ ~ a " ~ i ~ ~ ~ . n " ~ ~  WHO 
d u  I 

diuau<gaulunrju dengue fever (DF) Vl6%15~~f l l l 8 f l~ l~d l~aU 30 nu 66slZ~d?u~ufl j u  
-49 I 

dengue hemorrhagic fever (DHF) 911"Ul.ja%Jfll%an%1l~d1~'3~ 19 nu 

nrjunau~u n"o ~ ~ a u ~ ~ o i m m ~ i w d ~ n ' p ~ ~ s n ~ ~ ~ ~ o a ~ o n ~ u i ~ f ~ n i s ~ t ~ a ~ n ~ ~ i ~ t ~ w u n  
1 9  w emsi?ammi ~.rJanuin~maJnroi & ~ n m r i f  o&~uwlnu"b~n~6u"1~0obon (Other febrile 

illness, OFI) fIl0da~ 10 flPd 

n1s8uuoul4iiauFnsm 

1n~~mr6iiuoir~oisal~innfiMznssuni~Q?u~ssu~o~~ar~~aMuaiaFil B r n a ~ n r d  

um?nuiriu l u ~ u u o u t 4 i i a u l n r ~ n i s ~ i ~ ~ ~ ~ u 0 i n ~ n l l a ~ ~ ~ o ~ n l n n s ~ ~ ~ n ~ 1 o ~ o u ~ o : ~ ~ u . i i i  

flis%u . 
f l i s 1 8 ~ l ~ ~ o d i t 6 ~ 8 ~ 6 b n ~ n 1 s ~ ~ ~ ~ i s ~ u q n s s 4 ~  

n a & i i a 6 ~ o ~ v n ~ i n h ~ t i l J t a " ~ e \ ~ 1 f l ~ ~ a ~ \ a 8 s " ~ n i s a n " n d i s w " ~ ~ ~ s 3  RNA 

1. f l l 3~R3Z$U mRNA 9169%.4 IL-8, IL-l,l?, 6iBZ M - 9  ~ I u  real-time quantitative PCR 

n ~ u @ ~ ~ f l l n f l i s 6 ~ n ~ a 8 8 n " u ~ t ~ u ~ a u n i s a " ~ a ~ ~ p I  mRNA vo9tdn:~u~ifl i i j~ 
Cdd .4 I ~DRV~~ IRUG real-time quantitative PCR ~ d ~ ~ ~ ~ n t ~ u a ~ ~ ~ ~ ~ ~ n ' w o d i ~ i ~ w i w a i u  

s3~drnmzRoi;nI2i uonqindn1sa'~%z5p1 mRNA ~ i u l s n ~ ~ i n t d R u a ~ a n s z n ~ ~ ~ t i i ~ ~ i n  
B 

m s h ~ ~ - m a i n u ~ o ~ n w a ~ ~ ~ ~ o a d ~ u ~ ~ . i i i ~ w ' ~ i i ~ n i a ~  hernoconcentration d~iiwa~ionif 

~ R I Z ~ U T J ~ ~ ~ U ~ U W ~ ~ ~ U ~ I [ $  SL& mRNA ~ o a l l i a ~ ~ ~ ~ ~ ~ a u ~ ~ 1 ~ o a 8 b n 6 6 i a ~ f l ~ u  
1 

o g ~ n t i i m ~ m n ~ w " 1 ~ o ~ i n a i ~ ~ u w " u i ~ ~ ~ ~ i ~ n ~ ~ a t ~ w ~ ~ o n v ~ ~ d u ~ n a i ~ n ~ ~ 1 a i 0 ~  

qwlassumlm 
%Id=. 

mRNA ~ z ~ f l ~ i j ~ 0 1 ~ 1 8 i i ~ l ~ ~ ~ ' ~ l ~ ~ ~ 9 ~ 9 1 ~ ~ 6 ~ 8 ~ ? ~ ~ 1 6 9 ~  i b ~ R ~ ~ l ~ i ~ i i ~ ~ I ~ 6  
oin&hu4 kt& h?n~6.rn"alua'u~1.u"a9 (defervencence) 

2. fl19~t~-al:6W19ffi-% 



6 y a $ ~ ~ i u r n t d r : a i n 5 i 1 9 ~  (demographic data) O:~~GIUI?~~SI:~~I~.~~EFRO 

18 SPSS version 13 ~ 0 U a ~ 9 d 5 : % l n ~ ~ ~ ~ ~ ~ 0 ~ a b ~ 9 d ~ ~ l ~ ~ ~ R ~ 0 i ~ 0 9  n l ~ ~ ~ i l i B ~ U  

o:!&?urn5diu~mi3u median ~ I ~ ~ ~ ~ : O I U ~ ~ ~ R ~ ~ ' ~ M ~ M : ~ S J "  (skew distribution) Lint: 

rn~b~uuduun?iuiimni19'~89Bu*~%~,a 2 fli$9:18~ann-~hitne~ U test 

r i i n i u ~ y a t 6 ~ ~ n ' u s z ~ u n i ~ i t ~ ~ ~ ~ ~ n u ~ ~ ~ p d 1 ~ 0 n 1 ~ a " ~ ~ z ~ u  mRNA V B ~ I I ~ E I : ? ~ ~  

aimifniBanui?1mu5~ real-time quantitative PCR o : Q ~ A I u ~ ~ u ~ R u T ~ ~ L ~ ~ ~ u  Q-gene 10" 
mulroRl?61~aR (download) Ih10 http://www.biotechniques.com/softlib/c~~ene.html. 

i lB%Fi l lB~UE-l6f lR91U~d mean*SD m 5 i ~ ~ u I ~ U u f l ? l u i i f l n ~ 1 9 0 ~ ~ ~  Student's r test 

n ~ i u i i ~ n i 1 a o l i 1 ~ i i 4 d 1 ~ ~ w 1 ~ ~ 5 E 0 : i 3 u n 1 ~ ~ n ~ 1 i i u 2  sides 1 ~ u i j  p-value < 

0.05 

ernm%"afJ (Result) 

n 1 s ~ n l n l i i r ' o a l u ~ d a u ~ ~ ~ i ~ ~ I a ? a r 1 ~ ~ i i a ~ ~ l ~ ~ i i ~ ~ ~ n 1 3 u  z n i u  80 n~udijox-ns 

Iri2uln.r Ii i jnirhuo.rwmnui (DF) ~IU?U 30 n u l m : n ~ ~ ~ d ~ i m r ~ u i i ~ ~ ~ ~ ~ n i ~ ~ a v ~ ~  

waiarui (DHF) 41u3u 19 nu 

P-value 

>0.05 

N/ A 

>0.05 

>0.05 

Characteristics 

Age, median years 

(range) 

Sex (M/F) 

Illness day at study 

entry (days) 

Temperature at 

study entry, OC 

(range) 

Patients with 

dengue infection 

without significant 

signs of serum 

leakage @F) 

(n = 30) 

11 (3-14) 

14:16 

4.5 

38.9 (36.4-41) 

Patients with 

dengue infection 

with significant 

signs of serum 

leakage @HI?, DSS) 

(n = 19) 

11 (4-1 1) 

11:s 

4.9 

38.5 (3741) 



NIA, not applicable 
91 9 o ~ ~ ~ ' I ~ ~ ~ ~ o ~ n ~ ~ ~ ~ a ' I n l a ~ ~ a ~ u u ~ ~ ~ ~ ~ ~ z w i i ~ ~ . i l  2 ndu wu'lliln?iannni~skiYu 

B od1~8Gu81~q'oi'm5G uoi~u~iu?uiiin~iion"uia tm:rzgu~iu"nw3nTqwu~skduoti7ai 

l iudi~ ingrn~dt lu$4aun~u~~o1ni~~ua~4~ 13urnrli~uonki;nir~a6uo~wai~ui 

wam3iinvildnugriunir11fi~a~~n6u09~~ Ikiti E-8, a-18, tmz MW-9 1mm2r~mr:gu 
d 4 

mRNA " u ~ a l i d a r ~ u ~ i n i ~ ~ l t l ~ n v i a ~ a u %  real-time quantitative PCR kimndum~d I, 2 !la: 

3 # l ¶ J i l ~ ~  

WBC count at 

study entry, median 

cel~s/mm~ 

Hct at study entry, 

median % (range) 

Platelet count at 

study entry, median 

cells/mm3 

(range) 

2,445 

39.5 (30.9-45) 

88,500 

(38,000-294,000) 

3,530 

42.5 (35-49.8) 

76,000 

(14,000-199,000) 

<0.05 

<0.01 

>0.05 



mwd r LIRFIJ~I&U mRNA ~ 0 4 2 ~  IL-8 1~lj;s18~~ui~u~a(.;Iaondu dengue fever (DF), 

Dengue hemorrhagic fever (DHF) lla~fl+.J other febrile illness (OFI) (arbitrary units ~ ~ U F ~ I ~ I R Y  

"JD9 mean* SEM) 



l r a ~ ~ s r k  mRNA %04!iju ~ ~ - l p l ~ i f i ~ ! ~ o ~ u ~ ? u b q $ . ; ] a u n d % ~  dengue fever (DF), O ~ U  

Dengue hemorrhagic fever (DHF) 66n~fli$ other febrile illness (OFI) (arbiirary units lgudl$!ff 

~insrGun1s6ta~aoonvoPuu IL-IP I ~ u u ~ ~ u ~ u ~ E ~ ~ ~ I ~ L L ~ ~ R ~ D B ~ " ~ ~ ~  I 8SrRNA IIPTR~IU 
p h 6 4  mean* SEM) 



mwd 3 16tlnts:;fl mRNA ~ 8 3 ; ~  MMP-9 ~ U ~ ~ ~ ~ ~ O R ~ I ~ V Q ~ $ ~ ~ ~ ~ ~ % J  dengue fever (DF), n i u  
Dengue hemorrhagic fever (DHF) !bQ:ni%J other febrile illness (OFI) (arbihry units ifi~~ild!hY 

~ l f l ~ : ~ U ~ 1 ~ 6 b f l R ~ 8 8 ~ " ~ 8 9 ~ ~  MMP-9 bfi~~IWd~fln"U3:~flf!14b!fl~~88~6~8 18SrRNA I b f l f l ~ % ~  

2 JUQP mean* SEM) 

Q:I~~!%I luiuilbaa 3 : h  mRNA VQJ?U IL-8 ~ m :  IL- la  ~ u b i j n l b ~ n % l ? ~ ~ q ~ . ; ] a u  

n j u  DF ~mrndu DHF ~ ~ ~ n ? i u ~ ~ n ~ i ~ h ~ ~ i a ! o a " u d ~ ~ ~ ~ i ~ f l ~ ~  I U U P I : ~  3:;U mRNAU8q 

d 4 
MMP-9 ~ U ~ U R I Q ~ R V I ? U Q J ~ ~ ? U  2 ~ ~ ~ ~ ~ ~ l % J l l ~ f l ~ l ~ n " ~ 8 ~ 1 9 ~ o d " ~ ~ 1 $ 1 ' ~ ~ 1 9 f l ~ ~  T A U ~ U ~ ~ U  
DHF d,,,'yqanii (p-value < 0.05) u ~ n ~ i n d  1 ~ n 1 ~ 6 f i u ~ 1 ~ u p I 3 z ~ f l  mRNA uoG!ukndia 

1u$d'iu~n'~b~~~?%bi~n'adi8ini~~i~u~bs~n'fl~dauib~~~~i~i~hYb~~ flinn13~nbi~!a?flbi~ 

n'? wuii 3:;~ rnRNA UQ$U IL-8 66~1:  MMP-9 ~li~mnPiici iueci ic!Gudi~~~11~fiG~ d ? u s : 6 ~  

A 9  
mRNA v m  IL-IP ~ u ~ d i l ? u n m n ~ $ ~ ! ? T n ~ ~ ~ n " a ~ u ~ a ~ d ~ ~ a ~ i s : ~ ~ ~ o d " o u n ~ ~ ~ u ~ d a u d ~ ~ u " b ~ ~  

Y 

! l i I i ~ ~ n o i n n i s ~ ~ ~ ~ ~ ! a C ~ ~ ~ ~ n " a  (OFI) 

f l l % ~ ~ d % l ~ ~ t l  (Discussion) 

~ I ~ ~ ~ ~ ~ ? ~ P I ~ ~ . ~ ~ ~ Q I ~ U ' F I ~ ~ U ~ ~ ~ A E ~ ~ I ~ ~ I ~ ~ ~ Q D ~ U O ~ ? O ~ ~ I ~ U ~ ~ ~ " D ~ ~ " E ~ S ~ ' F I E ~  
B 

~ i j ~ i i u l u d ~ . r ~ l ~ a ~ l u ~ . ; ] ~ u d ~ n ~ ~ ~ I a T f i ~ ~ ~ n "  (defervescence) %a1ur:uz6mmaflflu8a 



d - c i  
uo.rii9muiomr~^aLBo7a~atR9nawtLwnii9n'u1u~dau m l n ~ o r i i ~ d ~ n m u ~ u ~ ~ ~ ~ u o ~ ~ r n $  

9 9 r  d~~n'u~u~daandnrnu!~ w ~ a u u ~ . m u o ~ ~ ~ r i i o ~ n ~ ~ ~ ~ ~ w a ' ~ ~ ~ n l o u " n ~  !uuat~$~~l luu~qnu 

o1nodmm~lullr9na'901n?Qa91& ~ramriinbnnui~tud~~lniin~i 3 ~ulu@auniudii 

oinirW~uusq itiimrrl?uo.rwmau~ (DF) ~ ~ u a u  30 nutlam judijalmrlutir9c;rBqinisia 

VoqWaltfln (DHF) hulu 19 nu I~TUAIC~~ rr6'u ~ R N A  undu MMP-9 ?u6ijm6:onulauoc 

@au DHF g ~ n i ~ i ~ u l u ~ d a u  DF odi~iiGuiUa15~wiaaiiB 1uu~l:drrGumsitaw9oonuoq~u 
9, 

IL-8 66ar I L - I ~ ~ u ~ R ~ $ ~ R V I ? ~ O ~ $ ~ ~ U ~ ' ~  2 nju!i i in?iu66wnPii~n"uori i~i~tld1~~~1~a~~ 
4.a ~hwiurriiumr~mm~aonu~~~ui~n~i~~oa~uu~~tlur:~fi1~~~au~Pilfi~6i)a1a~at~~~a naz 

~$il?edi$ul~dlri!k~n~inni~S~1~01ain~i9n"a wuii iaw~:~riiu ~ R N A  ua9 IL-ip 1u(dx~ 

dSml6ola?al8.riialu ~a4i16v"a9isr{~)  ~ ~ ~ f l ~ 1 l ~ $ d a ~ i 1 g ~ 1 ~ i 1 i ? & 1 i i f i 0 1 n n 1 4 5 ~ ~ ~ ~  
d? A 4  

"hh8.rR"n 5 3 % ~  ~ R N A  u8.r IL-IP ~ t a n d i ~ r ~ ~ ~ ~ r n i r ~ ~ ~ " ~ ~ o w i n m o i n ~ a i a ~ ~ t ~ a ~ u n i r ~ m  

~ ~ a o i n m ~ r r q d u o i o o r a i i ~ o i n ~ ~ ~ u ~ a ~ u o t i i ~ ~ i ~ t l a ~ o 9 ~ a u ~ ~ ~ a ~ ~ a a i d i ~ ~ a a e i ~ ~ i a " o n u ~ a " n p I ~  

$91u$dau$lRl$aoin1a~nt~9iiai~uJaai!$a9 1uum:$1u(daui5Ri~ooinaiiH~$ui~uJa9 

di14 
ainmrdnlnBdiuuiwuii rnmsrfuB~iBo~uia~3fi  monocytes mr lymphocytes 1u 

B rzw i i~ i i i f l i r tR l~o  i i l W m r w i i ~  cytokines liar mr&na13 (chemical mediators) dl37 9f.r 

fio~~~~mrhuo~wa1a.%1101n~a~~~a"o~dau1iara1oo~~1?d~n1ar~on!61u~~n mrdwuii  

iir~Gunnakbuluwma.%~i~~udulu~$au~~~u~b~a"~er~on~io~n~~~utt~~ lklfi TNF~,  IL- 
*or B 

I p, n-8, m-y , STNFRS (soluble TNF receptors) t8u~uz0* *' uonoind lb;iintjagaoe Rnln 

sr~urnnmmqaooua~?uwa~tl~ ~GnI~sr i iU ~ A Q ~ J ~ ~ ~ u P u ~ w s ? % I v o ~ ~ I s ~ I ~ . ~ ~ ~ D ~ " u ~ ~  
d 44 ' uuii.r l  (global gene expression) 1 ~ 6 $ ~ 6 ~ ~ ~ ~ 1 ? ~ ~ q $ d 3 ~ ~ P i l ~ 6 ~ 6 1 3 ~ f l 6 6 9 n " 3 1 ~ $ a 9 d i  (acute 

phase) f ~ ~ ~ ~ ~ ~ ~ ~ ~ u s z n ~ i ~ n ~ u d ~ n i r ~ i i ~ u ~ r n ~ ~ u  DF ~ ~ a r n d ~ i ~ n i ~ P i i ~ ~ u ~ ~ n i $ p d  DHF 
A TRU?: expression microarrays IU~I BuIuntju interferon ~ ~ i i ~ ~ i i 1 u ~ r ~ u ~ i j ( 1 ' a ~ u k ~ i ~ a  

clc( A d  
(innate immunity) ~f % T ~ Y ~ J ~ U I U ~ ~ ~ U  DF I u u B ~ z M u ~ M ~ o u ? ~ ~ " ~ ~ ~ " ~ I ~ I % ~ ~ s z { M  T 66a:: B ceils 

A * d  2 
ila:~ud~mJiii~u cytokines wra~fYq?~u IL-8 i i a r h  IL-I,L? iirrviUnir~ta~~oonn~9uu1u 

niu  D H ~  oti~qlr 6n1u 1 6 i n i r i i n l n ~ ~ 6 1 u n d 9 ~ u f n u ~ f i u u ~ i u p 1 n ~ s ~ ~ n ~  

r r ~ i i . r o ~ n $ ~ n i ~ r i ~ ~ G u f ~ n ~ ~ u  DF 1iazn~adirnrdi~Gu~~ni3u DHF Tnui?eexpression 

rnicr~arra~:"~ 1d~ jod i~1~0m~~1u1~er~ou~~ !u r ru rn1~ r i 1~3u~~n~~1~~u  T~uozl6~aodiq 

18ofi~maa8u1uiud 4 n?o 5 ~.Ytillo~ni/lh~ilau aaz~daudlgu DHF s z l 6 ~ a ~ d i ~ i ~ o ~ 1 1 u s r u r ~  

~ d a u 8 u 8 o 1 n i r ~ ~ ~ ~ ~ d ~ ~ u o n ~ ~ ~ n i ~ ~ a u ~ ~ ~ a i a u 1 ~ f o ~ z ~ ~ ~ ~ n i a ~ ~ o n  wnmr~nv iwu~ i  



rzcuiumriin~aoonuoBu LC-s iiazzu IL-18 ~iiinnuiinniiaiiu~uigauiq 2 n j u  ~ I M ~ U  

nniinlnd rnn~' l l iwunaiu~inn~i ia '~~ar:~~~ mRNA uoGu IL-8 nnGu IL-IP lu(~d39i$il;;ll~ 

$u~ ' l ba  (defervescence) I U O ~ U ~ G ~ ~ I S A I ~ G U T S W ~ ~ ~ ~ U  DF I l f l z ~ ~ n ~ ~ ~ ~ ~ l ~ l l ~ U ~ ~ R 6 ~ W  
sr 2 '4  

DHF oioazdu'ldlUi mruaRtoonuoaiuiaa,oair:6pIgaulriouMuiu nolui2a~i?ni~i;luY 

u o t $ d a u d ~ n i r d i i ~ u ~ ~ n i ~ u  DHF niudnu~urnr8nv16ou~di~~ t iada i r  :6ua~w1u$aq 
2.4 w 

i l b a  $auanin8ninlnlnfiuan"p1nisdn~ia~a~ una~r:iiurnsiin~aoon~oa3ului5~1a"o~uia 
c l l e  

UOJ(J~U$~~SU DHF $a i jo1n i r im~a~~~nan i r~avoawaiau i l~ l iaa~ lo iZ?4  ~azu s:TiV 

mRNA u~aidn:3u1uiiifiia"oR6uiauo9$nllauia"R14duoin"u~aarYtlzuoanisiiLGuf2n 
~ 2 s .  29 9, 9 s  uonaind ni~dnlnmdi; ' l ~ ~ n u o ~ a i n n i i  szhmslia~qoonuoazudia7 (rnRNA) d 

iinndian"u1u~dau~~n~r61~~u~rni~u DF im:~u@au~'imriiiid"u~s~i~u DHF dia:liin$u 

Riszu:iir nuotmrij16 i ~ l d ~ n ~ i n o ~ d r  ~ u i a : r n ~ d ~ i u ^ u ~ s n ~ ~ u ~ ~ ~ a ~ ~ ~ n s l ' i ~  

tiulust.unamdoln ~ P $ U  nl3anuilAoalmsiaI1ufzgu mRNA $o: l$1~u~2i?n i~u~n~n 

riiu~unaiu~uisauoaFrnF~u% real-time PCR d ~ a z n ~ : d i ~ & ~ q i ~ d r z u z a i s n ~  luhad(daa 

fii%S$G 

din?u%.i -9 ~ ~ ~ Z u ~ n f i ~ ~ d s l u ~ ~ i w d i ~ ~ ~ u  protease f drhlun~ui%dau 

~ & J ~ ~ ~ ~ ~ l 3 6 ~ F l  vascular permeability 66PEWUaUR7I v~~culsrpemeability Bn?i~&~$uin"u 

nnaTuiaavotnir8ai~~'la~ai4a~a ainmr8nuirnrua~ao~n'~~~~ud1a~ ~ui.aa&(h~uiu 
2 9 . 4  

tU"o'l~fPIl~~$.lf~6~4~'J (primary targets) ih macrophages TRU% microarray? bb ~ J ~ L U O Q A U M  

A 4  w 
~k~nmr$nmi fwu MMP-9 ijmraa~.roondn~nt adi i fa l6i i rnsln~i~wouuuu~a~andia 

TAU% real-time PCR ~ ~ n u n i ' l ~ d ~ ~ ~ ~ ~ d ~ a ~ ~ n n ' i a  A& mriinlnn"d~ulnklJaiuisfila~d 
e w  4 

nil?iudi~quoa MMP-9 riumr8n&Dhindaiia! uonoind &'!iiimr~n.~na~uinaan"u 

n a i u 8 u ~ u ~ o ~ m r ~ i a ~ ~ o o n v o a ~ ~ ~ n ' u ~ a 1 0 ~ ~ u 1 1 ~ a v o ~ ~ ~ i ~ ~ ~ o o n ~ a ~ u s ~ ~ u  mRNA iia: 

TllrRu oir8nuidi8umrhpIliirn$wpI.dlr:~pI mRNA UO~ZU MMP-9 ~UL~RL(~BRVI? 'U~P 

{dil?u DM F a n i i ~ w ~ l u ~ d a u  DF idoi~1udm$lba-1 ~ ~ d ~ n i r ~ n ~ i ~ d i u ~ i ~ ~ u n l r : ~ ~ ~ n i ~  

iifimrooovodudiaq lurzih ~ N A  Y ~ ~ I u ~ ~ I ? u ~ ~ ~ I ~ ~ ~ s u T ~   flu DF ~lnzlurji~il?udijnis 
I Y 

~ ~ i ~ u ~ s n d u  DHF w u ~ ~ n ~ r ~ ~ u u i t ~ ~ ~ ~ ~ ~ ~ ~ i i a ~ ~ ~ ~ ~ i ~ r : u ~ ~ i ~ n ' ~ ~ a n ~ s ~ ~ ~ ~ ~ ~  ~&IX~<II~ 
iiuafiumuinuoa~u MMP-9 ainiu nir ~ n u i i i u i ~ u ~ n u i ~ u u i i t l u s z ~ u  MMP-9 IULB* 

~ o ~ u i ~ u o q ~ ~ ? u i ~ R ~ d o ~ a i a . i i a ~ a X a  z n+~lu.i3tddl4i r i i o ~ r i i l f l i l n l b ~  a ~ n i ~ 9 ~ n n ~ a  

n?iupiul*~voa"udfi"unis~iiu"u~rnv~~14~a"oftoonl4uin~u uonoind msdnBilw'n~;u~Ru 

drgiiiurzsiumrirnRaoonvBa~uidlo:~ua~ban"uniT~it~u~snn"a~us:~'LI mRNA i iaz 
4 2  4 w Y I  

1dr'lu~alidszuriisn'IIiruu~in7r1u~~au~%tJD1aiari~aiia iia-.8%n?uaunrz*;aydaui.u"1~ 



~66afbi366fdz (Suggestion for further work) 

ni~~nui tw"o l t~o l~nbd~zt~u61azt~uut~uurz~~1n1~t t~n~oonvo~~u MMP-9 ttazzu 
cia 4 

$u7dtiu?$o9$lur:fi ~ R N A  ~m~T~r7uRt~d~z~ztan~truuo1ni~lu~4auE~t~o~a~a~~~ 

61 t t a : ~ ~ f i ~ u ~ ~ u r ~ u : o d i ~ d ~ t d o ~ ~ ~ ~ s ~ ~ a u ~ i ~ i r ~ i ~ ~ u l ' ~ n d ~ ~ ~ u  oziil~~411aB~nalnmr 
2 9 .  

I d d  

tiitiiu~maoc!&~on8on911nuu 6 t a : ~ i ~ ~ m r f i n ~ ~ i a 1 ~ ~ 1 9 % m t ~ u 6 a ~ i n u n ~ ~ ~ ~ i u 1 u  

n-~iu~ulnqvo-if m l ~ ~ n ~ o ~ ~ ~ u i ~ a r u t t a z ~ a n ~ ~ a C ~ ~ ~ d r z u : ~ ~ ~ ~ t ~ r n  
Y S  
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600 000 of those deaths. Eighty-five percent of these 
deaths occur in sub-Saharan Africa and southeast Asia. 
OBJECTIVE: We aimed to review rotavirus prevalence 
studies of children in Africa from 1975 to 2006. 
METHODS: Three multilingual Medline searches (limited 
to humans) were performed: "RV," countrylAfrica, and 
epidemiologyldiarrhea. Additional inclusion criteria in- 
cluded children <5 years of age, conducted over >3 
months, and including >50 children. Data were analyzed 
in 4 periods. 
RESULTS: Of the initial 189 studies identified, 75 in 18 
countries met the additional inclusion criteria (Table 1 ). 
More than half of the studies were hospital based. ln all 
studies the most common serotypes were G1 (25%), G4 
(16%), G2 (13%), G3 (12%), P[8] (37%), P[6] (35%), 
and P[4] (1 1 %). From 1996 to 2006 the common sero- 
types were G1 (22%), G4 (17%), G2 (13%), G3 (13%), 
P[6] (37%). P[8] (35%), and P[4] (11%). 
TABLE I .  Results of 75 Studies on Rotavirus Prevalence in Children <5 
Years Old in Africa 

UI SNdkr 1976-1985 1 9 ~ 1 9 9 5  19961006 

-~?dicites that dzta were n31 avatlable 

CONCLUSIONS: The current prevalence rate is 30% 
(range: 17%-38%). Present serotypes include G1 
through G4, G8, G9, P[8], P[6], and P[4]. Rotavirus 
diarrhea represents a significant disease burden. Current 
rotavirus prevalence studies are important, because 
there are effective rotavirus vaccines available to prevent 
mortality and severe disease. 

ASSOCIATION OF CYTOKINE-RELATED 
GENE EXPRESSION WITH DENGUE 
INFECTION SEVERITY 

Submitted by  Woraman Waidab 
Woraman Waidab, Kanya Suphapeetiporn, 
Chalurmpon Srichomthong, Siraprapa Tongkobpetch, 
Chitsanu Pancharoen, Vorasuk Shotelersuk, Usa 
Thisyakorn 
King Chulalongkorn Memorial Hospital, Bangkok, Thailand 

INTRODUCTION: Dengue is the most prevalent mos- 
quito-borne viral disease and one of the most serious 
infectious diseases worldwide. Infection by any of the 
serotypes of dengue viruses (DEN-1-DEN-4) may result 
in different severities ranging from a relatively benign 
fever, called dengue fever (DF), to fatal dengue shock 
syndrome. The pathogenesis of dengue hemorrhagic fe- 
ver (DHF) and dengue shock syndrome is thought to be 
mediated by various host factors. Previous reports have 
suggested an involvement of immunoresponse media- 

tors as well as apoptosis-related molecules in the severity 
of dengue infection. 
OBJECTIVE: Our aim was to elucidate the cellular gene 
responses to dengue viral infection at the transcriptional 
level and to correlate expression levels with disease ac- 
tivity andlor clinical manifestation. 
METHODS: Expression levels of interleukin 8 (IL-8), 
IL-1 P, matrix metalloproteinase 9 (MMP-9), and Fas in 
peripheral blood cells were assayed for 10 children with 
DF, 10 children with DHF, and 5 healthy controls by 
using real-time reverse-transcription quantitative poly- 
merase chain reaction. 
RESULTS: Expression levels of IL-8, IL- 1 P, MMP-9, and 
Fas were higher in children who developed DHF than in 
those with DP. 
CONCLUSIONS: The messenger RNA expression levels 
of IL-8, IL-lP, MMP-9, and Fas were significantly ele- 
vated in children with DHF, which suggests that these 
mediators are involved in the pathogenesis. The messen- 
ger RNA expression level might serve as a predictor of 
dengue disease activity. Reverse-transcription polymer- 
ase chain reaction has a potential to be another rapid 
and useful tool in assessing disease severity, leading to a 
proper therapeutic plan. 

HIGH SEROPREVALENCE OF HUMAN 
METAPNEUMOVIRUS INFECTION IN 
CHILDREN IN THE CHONGQING, CHINA 
AREA 

Submitted by Xiaodong Zhao 
Xiaodong Zhao, Zhang 
Division of Zmmunology, Children's Hospital, Chongqing 
Medical University, Chongqing, China 

INTRODUCTION: Human metapneumovirus (hMPV), 
first isolated in 2001 in the Netherlands, was identified 
as a respiratory etiologic agent in a variety of regions. A 
number of reports have described evidence of hMPV 
infection on mainland China. However, the description 
of the seroepidemiology of hMPV infection remains 
limited. 
OBJECTIVE: We aimed to define the seropositivity of 
hMPV imnlunoglobulin G (IgG) antibodies in different 
age groups of children in Chongqing, China. 
METHODS: The specificity of the enzyme-linked im- 
munosorbent assay was first validated by using respira- 
tory syncytial virus (RSV)-infected cell lysates subtracted 
sera and Western blotting based on anti-hMPV animal 
serum. This assay was subsequently used to determine 
the presence of 1gG antibodies to hMPV and RSV in 325 
serum samples from children aged 0 to 6 years. 
RESULTS: There was no cross-reaction between the 
hMPV and RSV enzyme-linked irnnlunosorbent assays 
observed in our system. Seropositivity of anti-hMPV IgG 
antibodies in children aged 0 to 5 months was 74.5%. 
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DETECTION OF SPOTTED FEVER GROUP RlCKETT5lA IN 
IXODID TICKS COLLECTED IN LO5 ANGELES COUNTY, 
CALIFORNIA 

Michele M. Sturgeon1, Emily Beeler2, Laura Krueger3, Renjie 
Hu4, Gail Vangordons, Michael Rood5, Robyn Spano5, Sergio 
Berrnudezl, Gregory A. Daschl, Marina E. Eremeeval 

'Center for Disease Control, Atlanta, GA, United States, 2Veterinary Public 
Health and Rabies Control Program, Los Angeles Department of Public 
Health, Downey. CA, United States, 'Orange County Vector Control 
District, Garden Grove, CA, United States, 4Vector-Borne Disease Section, 
California Department o f  Public Health, Ontario, CA, United States, Yos 
Angeles County Department of Public Health, Environmental Health, 
Vector Management Program, Baldwin Park, C4, United States 

Dogs are commonly attacked by the same species of ixodid ticks that bite 
humans and can become infected with spotted fever group rickettsiae 
(SFG), so they can serve as sentinels for human rickettsial diseases. Several 
cases of canine Rocky Mountain spotted fever (RMSF) were identified in 
Los Angeles County, CA during 2006-2007 based on clinical diagnosis 
and serological testing. Detection and identification of SFG in ticks was 
conducted to improve our understanding of the epidemiology of rickettsial 
diseases in the county. 445 questing ticks. including 285 Dermacentor 
occidentals and 160 lx& pacificus, were collected from vegetation 
along seven hiking trails visited by sick dogs and their owners. DNA was 
extracted from individual ticks and rickettsial screening was conducted 
using a SYBR-Green PCR assay detecting a fragment of the OmpA gene 
of the SFG. Semi-nested PCR was performed for positive specimens 
to amplify a 70-602 nt fragment of ompA which was used for species 
identification of rickettsiae detected by DNA sequencing. In total, 83% 
of I. pacificus and 37% of D. occidentalis were found positive for SFG 
rickettsiae using SYBR-Green PCR. All of the I pacificus tested were from 
the same site and were positive for DNA of a SFG rickettsia whose ompA 
sequence is closest to that of the rickettsial endosymbiont of I. scapularis, 
which is believed to be non-pathogenic. Dermacentoroccidentalis 
positive for SFG rickettsiae were found at 6 of 7 collection sites, with a 
detection rate ranging from 16% to 80%. DNA of Rickettsia rhipicephali 
was detected most frequently in D. occidentalis and it was found in 4 
locations. SFG genotype 364D was found in 5 ticks collected at 3 of the 4 
locations which also had R. rhipicephali. In conclusion, our study provides 
the first molecular data on the prevalence and species identification of 
SFG rickettsiae in lxodes pacificus and corroborates our previous findings 
with Dermacentor occidentalis from other sites in Los Angeles County 
of California. Since R. rickeftsii was not found in these ticks, either the 
unique genotypes of R. rhipicephalifound in D. occidentalis (as reported 
previously) cause canine disease or 3640 genotype may be the cause of 
spotted fever infections in dogs and possibly humans. 
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CYTOKINE-RELATED GENE EXPRESSION IN THE PERIPHERAL 
BLOOD AND DENGUE INFECTION SEVERITY 

Woraman Waidab, Kanya Suphapeetiporn, Usa Thisyakorn 

King Chulalongkorn Memorial Hospital, Bangkok, Thailand 

Dengue is the most prevalent mosquito-borne viral disease and has 
become one of the most important public health problems worldwide. 
Infection by any of the serotypes of dengue viruses (DEN-1. -2, -3 and 
-4) can produce a wide spectrum of clinical manifestations ranging from 
a simple febrile illness, dengue fever (DF) to a severe form with plasma 
leakage, bleeding and shock. The pathogenesis of dengue hemorrhagic 
fever and dengue shock syndrome (DHFIDSS) is thought to be mediated by 
various host factors. However, the mechanism underlying disease severity 
is not fully understood. Previous studies have suggested an involvement of 
immune response mediators in the severity of dengue infection. The aim 
of this study was to elucidate the cellular gene responses to dengue viral 
infection at the transcriptional level and to correlate expression levels with 

disease activity andlor clinical manifestation. Whole blood mRNA from 
children with dengue infection was analyzed on the day of defervescence. 
Expression levels of IL-8, IL-1P. MMP-9 and IL-10 in peripheral blood 
leukocytes were assayed in 30 children with DF, 19 children with DHF 
and 10 healthy controls by real-time reverse transcription quantitative 
polymerase chain reaction (RT-PCR). Compared to controls, the expression 
levels of IL-8, IL-1 P, MMP-9 and IL10 were higher in children with dengue 
infection. IL-8 mRNA levels were also elevated in patients with DHF 
compared to those of DF. However, there was no statistically significant 
difference between patients with DF and DHF in the expression levels of 
IL-ID, MMP-9 and IL10. In conclusion, the expression levels of IL-8, IL-lp, 
MMP-9 and IL10 were higher in children with dengue infection suggesting 
that these mediators may be involved in the disease pathogenesis. The 
mRNA expression levels of IL-8 were elevated in DHF compared to those 
of OF while the others were not. The expression pattern of these genes in 
peripheral blood leukocytes might serve as a predictor of dengue infection 
as well as disease activity. 
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CLIMATIC FACTORS, ENTOMOLOGIC AllRIBUTES AND 
EPIDEMICS OF DENGUE IN TAIWAN, 1998 - 2006 

Chuin-Shee Shangl, Chi-Tai Fang1, Chung-Ming Liu2, Fu-Chang 
Hu3, Chwan-Chuen King1 

'Institute of Epidemiolog)! National Taiwan University. Taipei Cify Taiwan, 
2Global Change Researching Center; National Taiwan University. Taipei 
CiM Taiwan, 3National Center of Excellence for General Clinical Trial and 
Research, NTU Hospital, Taipei City. Taiwan 

Dengue has seasonal trends like most of other mosquito-borne diseases. 
Meteorological factors affect on not only the biology of dengue 
viruses and mosquito vectors, but also the viral transmission between 
mosquitoes and humans. The mechanism of climate influencing the 
occurrence of dengue is very complicated and controversial. This study 
intended to simplify the correlations among meteorological factors, 
mosquito measurements and biweekly dengue data in southern Taiwan 
from 1998 to 2006 using regression model. We hope to make the 
meteorological knowledge more informative and helpful in predicting 
the epidemics of dengue for making best public health decision. The 
preliminary results found that previous biweekly number of dengue cases, 
temperatures and El Nino southern oscillation index were very good 
predictors for subsequent dengue cases. Other meteorological factors 
like wind, sunshine were also found explainable for the followed-up 
trends of dengue and they were worthy for further investigation. The 
uniqueness of this study is to consider meteorological factors in a more 
comprehensive way integrating with the statistical predication models that 
well fit assumptions of the distributian of variables. Future efforts include 
simulating the occurrence of disease with climatic and entomofogic 
data to better predict the impact of global warming on the epidemics of 
dengue with more international perspectives. 
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DETECTION AND IDENTIFICATION OF BIOMARKERS FOR 
DENGUE FEVER (DF) AND DENGUE HEMORRHAGIC FEVER 
(DHF) USING PLASMA SAMPLES FROM THAI CHILDREN AND 
SELDI-TOF-MS TECHNOLOGY 

Alexa Gilbert1, Takol Chareonsirisuthigu12, Maike Milkreit1. 
Sukathida Ubo12, Brian J. Ward1, Mornar Ndaoi 

'McGill Universit)! Montreal, QC, Canada, 'Mahido1 Universit)! Bangkok, 
Thailand 

Surface-Enhanced, Laser-Desorption and Ionization, Time-Of-Flight Mass 
Spectrometry (SELDI-TOF MS) permits the study of the proteintpeptide 
content of diverse biological fluids such as serum, plasma, urine, cell 
lysates and tissue extracts. This high throughput proteomic platform 
has been used to identify biomarkers for a w~de range of inflammatory, 
infectious and neoplastic conditions. The promising results obtained in 
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