
.. 


n1ljf1n~1\JVl1JTVJ"lI'fl.:J subset T cells LL~~ T follicular helper 

cells (TFH) 1IjJ'fl.:J CD4+ T cells LL~~ CD8+ T cells 

11J~iJ'J~b~flLiL~'fl~'fl'flni,UFtULVl~ 
cu 

The role of subset T cells and T follicular helper 


cells (TFH) of CD4+ T cells and CD8+ T cells 


in dengue-infected Thai patients 


q ~., .... 

Pi.l.!YL LmJ~j;j ~m~t'lfi~nJ 

j;j~.t'l1..l~lru u~ru1..lJ':;~h~~n~
It \J dJ , 

'tl.~W.-.q~fiJ' Ln~~'tlU 

fllf1";j"ll'lL'l"ll PiIt'l VlHl.!~j;j~ fI ru:;LLYfVlU PiIt'l j;jf '1"i11~'lnJ'(u~\n";jVlU1~u 

- l.!lt1L'tlniu YlJ'VI~LYI'IIJ' 

t'lVlt'lI~'l1'111~'l L'l'llPiIt'l j;jf fI ru:;LLYI'VlUPiIt'l j;jf ~"i1'l~'l mnh.JVlI1VlU1~U• 



• 

t . 

~ru:;~ijfEJ'1Ifl'1lflU Pjrutlli'lIi'llJ'mljnYhu~L~11'l)..l n1~P1mn LL YiVl£1lj nvi lU~~~ ~U'lEJL;]11,))..1 m~'lftJ LLC.JUn 

.. 'i' ~ I .ell" ~""." ", 'i' ....I ..fJ)..Iln'l'l!1'11~(;lr ~NYitJ1U1ftt'U-lVlwnnl~ VI loIml)..1tl'l1Lm1:;loI ~um~ri~C;lu')tJL'1Il1'l)..l ~m~m~ I'JwtJLmtl~)..Itl Chula-

MRC ~ru:;LLYiVltll'\li'llJlf "1'Alft~ nmr)..llollf)VltI1~tJ ~1~ml)..1fl'l1L~n:;~~rnW~LLft:;Lfl1tl-lijtllunl1Yi1ijftJ LLft:; 

ljUfll1\l\'l1Um11ftl"llnL~WflC;l\"'l1Wi'l11.l"lnf3U1ft th:;41t1-lUl.l~:;)..Ilru 2553 ~~UU~'l1WL~wl1wlwm'1l'hi)r.itJ 

II 



.. 


~'El1A'i~m'i14'~ m~~m;-IUV1U1V1'lJ'fl-l subset T cells ll'l'l:; T follicular helper cells (TFH) 'lJtl-l CD4+ T cells lL'I'l:; 

CD8+ T cells 1u~u,)£1hlillih~tlVltl'fln1ul'lulV1u 

27 fiU'JIIil~ 2556 

tanh m~~m;-IUV1UIV1'lJtl-l subset T cells (naive, Central memory (CM), Effecter memory (EM) ll'l'l:: Late 

effecter (LE)) ll'l'l:; T follicular helper cells (TFH) 'IJfl-l CD4+ T cells lL'I'l:: CD8+ T cells 1u~u'JuhI'l1~l~flVltlfln1u 
" 

l'lulV1£1 fJ-lhiivlL"lU 

..., _I ~ J ~ _r;, ..... 

1(;\'l1J'i::~~fI: LWtlrlm;-lu~~lruU'l'l:;Flru'('l~UUl'lJtl-l subset T cells (naive, CM, EM Ll'l'l:; LE) LL'I'l:: T follicular helper 


cells (TFH) 'IJtN CD4+ T cells Ll'l'l:: CD8+ T cells \.I~-lnl~m"::~u~bEJLLtlU~L"lU'IJtl-lLVl~il1')f'('llUluri NS3 peptides 

lL'I'l:: Env peptides 1U'l:;£1::vh~1'lJtl~t'lI'l't~lfttlVl'fltln 1Ul'lulV1U~~VlL:['fll')fi'lLVl~n 


1flm'i: ~~VlL:[tl't')fi'lLVl~MIU,)U 48 'l1t11u~::£1:; acute ,j1~IVhm'l(;11')"l\.lIi'lluvruf Ul,)U% semi-nested multiplex . 


PCR LL'I'l:: 41U')U 10 'lIEJ 1u~:;EJ:: acute (A), convalescent (C) LL'I'l:: follow-up (F) ~lvhm'lUl1')"l\.lIFlru~m;-ru::LL'I'l:: 


m~lru'lJtl-l CD4+ T cells, CD8+ T cells, TFH cells (CXCR5+/ICOS+) lL'I'l:: subset T cells 


(na·ive;CCR7+/CD45RA+, CM; CCR7+/CD45RA-, EM; CCR7-/CD45RA- LL'I'l:: LE; CCR7-/CD45RA+) lL'I'l::~ 


1'l,)1~~I~I'l[)1um~\.Ii~i'lI~'t'l!tUl'trllr'ilUVl IFN-y, IL-17 lL'I'l:: IL-21 tVlEJ,j1 PBMC mm'::~UUl,)EJ dengue serotype 2 


antigen (overlapping peptides) 'lIUVl NS3 LL'I'l:: Env Ll'l'l::vhm'ltlfll.JUl'JEJ1fl intracellular cytokine staining (iCS) 


l.I 0 "'110 .... " ~ 
LL'I'l,)UI~I,)Ll'ln:;\.IVl')ml'l~tN Flow cytometry 

~'an1'i'VI(;\'Wil.:t : 

~~Vll:[tlhfi'lLVl~n41U,)U 48 n£1 WtJ~I~Vll:tfl DENV2 mm'lVl~tl~flU'I'l:; 38 (18/48) ~tl-l'l'l-l~Ii')fl DENV1 ~mJ'I'l:; 35 

(17/48) DENV3 'ftlEJ'I'l:; 23 (11/48) LL'I'l:; DENV4 'ffl£1'I'l:; 4 (2/48) ~'I'lm'l~m~n1'W~~VlL:t'f)'t')fi'lLVl~n41U,)U 10 nEJ ~ 
i'l1~lm~VlUlI~I'l'lU 3 I'l¥~ WtJ111u~::EJ:: acute jjm~lru~VlLtJU'hlEJ'I'l:;'lJtl~ TFH CD4+ T cells ~U1tlu~ut)~41LW1:;uitl 

NS3 LL'I'l:: Env peptides (30.8% LL'I'l:; 44.6% UI1~~IIfi'U) ~~n'll'l::EJ:: convalescent (11.9% LL'I'l:; 14.4% UI1~~llfi'tJ) 

mh-l~umh;rClJV11~i'lnUi (p < 0.05) LL'I'l:; rhRmru~VlLtlu'f'flU'I'l:;'JJfl~ TFH CD8+ T cells ~(;JtltJ~U'f),,41LWI::uifl Env 

peptides (36.1 %) ~-ln11~:;tI:; convalescent (24.6%) tlEh~jjuucllriClJV11-li'ln~ (p < 0.05) ~WIi'lu1"l~tl wur:h1u 

'l:;U:; acute i1m~lru~VlLtlu'ftlEJ'I'l:;'lJfl-l central memory (CM) TFH cells 'llU'" CD4+ T cells ~(;1t)ui'lUtN41LW1:;vitl 
, 

NS3 peptides V1~~I-l IL-21 (4.3%) ~-ln11~::EJ:: convalescent (2.2%) tlEh"jjUtlcllriC1!V11-l~[)~ (p < 0.05) 

~'itl ~'an1'i'VI (;\'a'eN• 
'l!ilVl'lJtl~L:(tl~wu1itltJlu~IU1{tI;f~tl DENV2 ntJ DENV1 LL'I'l:;WU111u~:;£1:; acute jjm1L~~'lJtl-l dengue specific 

TFH CD4+ ;- cells LL'I'l:: TFH CD8+ T cells tlEh~i1u£1cllriClJV11-li'l[)~ LL'I'l::WtJ11'l!ilVl'JJt:l-l subset LtlU central 

memory TFH cells ~i'l'fI-l IL-21 mh~hriUl1~ l'l')~iim'l~m:ntJV1U1V1'IJ'f)-lL'lI'I'lftL\.I~I;fvitll'l')l~~LLN'lJtl-lbl'l 

Hi L~'f)Vltltlm~~ L~~vitl 'ttl 
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Project Title The role of subset T cells and T follicular helper cells (TFH) of CD4+ T cells and CD8 + T 

cells in dengue-infected Thai patients 

Name of Investigators S. Buranapraditkun, E. Prompetchara, C. Ketloy, K.Ruxrungtham 

Year 27 December 2013 

Background: The role of naive, central memory (eM), effecter memory (EM), late effecter (LE)) and T follicular 

helper cells (TFH) of CD4+ T cells and CD8 + T cells in dengue-infected Thai patients is still limited. 

Objective: To study the responses of the subset T cells (naive, CM, EM and LE) and T follicular helper cells 

(TFH) of CD4 + T cells and CD8 + T cells to dengue antigens include NS3 peptides and Env peptides in 

various phase of dengue-infected Thai patients. 

Methods: Forty-eight dengue infected patients in acute phase were determined serotype by using semi­

nested multiplex PCR. Blood samples from 10 patients at acute (A), convalescent (C) and follow-up (F) phase 

were tested and characterized the number of CD4 + T cells, CD8 + T cells, TFH cells (CXCR5+/ICOS+) and 

subset T cells (na'ive;CCR7+/CD45RA+, CM; CCR7+/CD45RA-, EM; CCR7-/CD45RA- LLft:; LE; CCR7­

ICD45RA+) and determined cytokine secretion such as IFN-y, IL-17A and IL-21. PBMC were stimulated with 

dengue serotype2 antigen (overlapping peptides); NS3 and Env peptides by intracellular cytokine staining 

(lCS) assay and analyzed by flow cytometry. 

Results: 

Of 48 patients, 38%, 35%, 23% and 4% were infected with DENV2, DENV1, DENV3 and DENV4 serotype 

respectively. In acute phase, 30.8% and 44.6% versus in convalescent phase 11 .9% and 14.4% of the 10 

patients TFH CD4+ T cells respond specifically to dengue NS3 and Env peptides, respectively (median %, p 

< 0.05). The median % of dengue Env peptides-specific TFH CD8+ T cells response was 31.6% in acute 

versus 24.6% in convalescent phase (p < 0.05). Patients in acute phase had median % of NS3-specific IL-21 

secreted CM TFH CD4+ T cells 4.3% versus 2.2% in their convalescent phase (p < 0.05). 

Conclusion: 

The majority of patients infected with DENV2 and DENV1 serotype. Dengue-specific TFH CD4+ T cells and 

TFH CD8+ T cells increased significantly in acute phase and declined in the convalescent phase (p < 0.05). 

Further study the role of these cells in disease severity is warranted. 
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'\.l~'lm'i'n'1:::~u~')mL'fl'W~L"'lU'lJfl'lbTflLC;)'ln 'llU~ Env peptides '1Ifl'l serotype 2 21 


'i'U~ 11 mW1rul'1!t~llf111~'\.li'l"'lln na"ive T cells 'llfl'l TFH cells 'DU~ CD4+ T cells 
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LLft:; CD8+ T cells '\.lft'ln1'i'm':;~'W~~mLtlU~L"'lU'1Ifl'll')Tf'lL~\ln 'llUI11 NS3 peptides 22 
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LLft:; CD8+ T cells '\.lft'ln1rn'i':;~'W~')mLtl'WiJiL"'lU'lJtl'lbTf'lL~'ln 'llUr;) Env peptides 23 
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ru~ 13 illmNl'lltj;]1f111~'\.li\l"'l1n central memory T cells 'lItl'l TFH cells 'llU~ CD4+ T cells 


LLft:; CD8+ T cells '\.lft'ln1rnr:;~'W~)')mltl'W~L"'lU'lItl'lbff'lLI11'lii 'llU~ NS3 peptides 25 


~~ 14 ill).J1Nl'lltj;]11'111~'\.li\l"'lln central memory T cells 'lItl'l TFH cells 'ilU~ CD4+ T cells 


LLft:; CD8+ T cells '\.lft'ln1rm':;~u~)')EJUtlU~L"'lU'lItl'll'lff'lL~'ln 'llU~ Env peptides 26 
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lU~ 15 t1hnru1'l1t[;llmr~'\.-li'l"1n effector memory T cells 'lltl'l TFH cells 'IlUIf1 CD4+ T cells 

LL~:; CD8+ T cells '\.-I~'lm1m:;~w~'JEJLLtlW~L"W'lltl'l1'J1~Lt1I'ln 'IlUIf1 NS3 peptides 27 

"" 1...1
~uVl 16 • ~ 1 'i' ~ ...J ~ ~ u1J.nru 'h{;lLFlWVl'\.-l~'l"1n effector memory T cells 'lltl'l TFH cells 'IlWIf1 CD4+ T cells 

LL~:; CD8+ T cells l-I~'lm1m:;~w~'JEJLLtlW~L"w'JJtl'l1'J1ALIf1'ln 'IlUIf1 Env peptides 28 

• ,...IluVl 17 • ~ 1 'i' 1 ...J ~ ~ u1l-nru 'll L[;l FlWVl'\.-l~'l"1n late effector T cells 'JJfH TFH cells 'llWIf1 CD4+ T cells 

LLfl:; CD8+ T cells l-I~'lm1m:;~w~'JEJLLtlW~L"w'JJtl'l1'l1~LIil'ln 'IlU(;1 NS3 peptides 29 

lU~ 18 t1hnrul'llt[;llFllI~l-li'l"1n late effector T cells 'JItl'l TFH cells 'llU(;1 CD4+ T cells 

LL~:; CD8+ T cells l-I~\ln11m:::~w~'JEJLLtlW~L"w'JJtl'l1'J1~LIf1'ln 'IIillf1 Env peptides 30 

Vlll 



o I 

fil1~'fl 

Ab antibody 

ACD Acid citrate dextrose 

Ag antigen 

BFA Brefeldin A 

C Capsid 

CM Central memory 

CTl cytotoxic T lymphocyte 

CXCR5 CXC-chemokine receptor 5 

DENV dengue virus 

DF Dengue fever 

DHF Dengue Hemorrhagic Fever 

DSS Dengue Shock Syndrome 

EM Effector memory 

Env Envelope 

FBS Fetal bovine serum 

FoxP3 Forkhead box P3 

·ICOS inducible co-stimulator 

ICS Intracellular Cytokine Staining 

IFN-y interferon gamma 

Ig Immunoglobulin 

Il-2 interleukin-2 

lE late effector 

IT-U Iymphotoxin-U 

Nab neutralizing antibody 

NS non structural 

OlP overlapping peptide 

PBMC peripheral blood mononuclear cell 

prM Pre-membrane 

SEB staphylococcal enterotoxin B 

TCR T cell receptor 

TFH T follicular helper cells 

Th1 T helper 1 cells 
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Th2 T helper 2 cells 

Th17 T helper 17 cells 

TNF-U tumor necrosis factor-U 

Treg T regulatory cells 
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hfl1~L~tl ~tltlmn~411 n~-3~IEJ~-3 Lth.JYnl-l~tilL:t'1l1'l¥~L~-ln l-J1 ~V1 ~tl~flU LVI EJtl-l r1n1~tlUl)J'EJLrln~U~li'lL~n~nl1 

· A · .J' .1 ", :'I'i' 'i' 1"... 1"1 .1 ".J'.I ... ".J' 1" ,
v\~L'lltlu~~},nru 50-100 rllUflWWflu ~~EJ ~~fl 'llL~tlVltl'1l n~Il-J1Hl~U ~ Uu~~LV1P1 L 'll"'1tlU'llU LL~~u~~ LYlPln-l~tlU'll'U ~LLn 

YI~l.JtlLl-J1n1n~I-3-1~ UI-3~'l1.J"JJtl-3U~~LV1P1tltl~Lv\~L~EJ YI~ULLtlmni V1~l.JLtlL~EJ LL~~ 1'll-Jvf-3U~~LV1P11Y1EJ L~fJL~fl1~L~tl~tltln 

4'~ LU'UUryl-ll~lfilrru~'lJ~~1Ary'lJtl-3ur~LYlPl1V1fJ U41"luu~u~~~ L:atl L~-3rhuu~I'U'lUl-J1n !il'ltltil-l L'll'U1uu ~. PI . 2554 ijnlr 

nEJ-31u~Ui ~ L:ttlU~~l-Jlru 70,000 ntll-Jlcl'-l nJl-Jfl'lU'1l-JL~fl m~Ylr'l-l~lfil~ru~'ll tltll-3hfi (;l')l-Jtl"'n~thmr-l111ijLL'U'lLUl-J 

~~rI-lLLiJ41~jjn1~~ruNr1L~EJ')nUn11fl')Ufll-JEJ'lmEJ~LUU~It-1~'lJtl-3hfltltil-ll1itlLdtl-3 4l1nn1~~m~IYl1-l1~UI~~V1fJ1~Utj, ~. . 
tlV\11n1~~U ~ihEJL~l-J~Uluu1L'l ru~jj n1~L"l1C1!'lltl'lL~tl-ltltil-l~ ~ L~'l LLfl~U1~'ll1nnl'Ul LllJ'U LLrI~~Un1~~~UI ~1~v\fltl~U LL~ 

1 .J .1 ~ .. "...I 1 ' v.." .. 1.1
"l::f3-l~~ 'U·ll'l-lg~Wu·D-ll-J~m'l~ LL'l ~~tll-JV1 Ll-Il-Jl~~l-J 'Un1~LL~~~U~'lJtl'l~-l~IEJ LLl-J,-! F12'n nJYll-ln11LLYiV1fJ'lltl-lu1~LYlPi YlEJ41 ~ 

ijth~~V1fim~1Un11~ih'!lEJ m'l~1n1:nl:JihfJ LLIJi nfl-3~U l:J L~fJ~~ v\411nn11~ ~ L:ttl1~ L~tl ~'1l'1l n L~EJjjtlv\11 n1n~EJ~~v\u1::l-Jlru 
~ ~ 

~'1lEJ~~ 0.1-0.2 'lJtl-ll:JU'lEJvf-ll-ll.J~ (1-4) 
~ 

hfl1~L~tl~tltln Ln~411n~-lrnEJ'llil~ Aedes ~'lLUU~It-1~UlhFl~';lL:atl1'l1~L""-ln 4'~'1l~lu Family Flavivirus L~EJ41~ 
";11~ Ln~fl1n11V11-lfl~iln ~tl i:i1~f3-l i1m'l~L~tl~tltln LL~~tll41 Ln~m'l~-ntlfl1~ 4lUO-l LLri;~ III L:ttlLVI-ln dJU~1 mlJj~";11~ Ln ~ 
hfl1~L~tl~tltln L~EJL:ttlL~-lni:i~LUl.JLUU RNA ~IEJL~EJ') 'llUl~ 1 0.3 nL~LU~ il!uil-lLUWLUU spherical particles i1'llUl~ 

L~w.hl:l'UEln~I'; 40-60 U1LULl-J",r tJ1~n'1lU~'lEJ~'l'U')Jtl-l structural gene 1~LLri Capsid (C), Pre-membrane (prM) and 

~ 1" , .J' 1 v ......Envelope (Env) LL~:;'f1'lU'lJtl-l Non-structural genes ~LLn NS1, NS2a, NS2b, NS3, NS4a, NS4b, NS5 L'lltl 'l1~L~-lnl-J 4 

~IEJvr'U~ l-I1tlL1EJn~ntltll-l':h "~L1't1m{"1~LLri DENV-1, DENV-2, DENV-3 LL~~ DENV-4 (5) 

Envelop (Env) protein dJU viral fusion protein ~-lli14'unu receptor 'lltl-l host L~tlLih~ cell membrane 'lltl-l 

host LU'U hemagglutinates ~~1LYil~nULii ~L~tl~ LL~-l LL~::Lt-ItiEJ')ul1ihn~ n1~v\'1lU~Utl-3Yl1-l1Ji1~l-Jn'Uvf-l ~''U humoral and 

cellular Env protein LUU monomer U1~n'flU~'lEJnJ~tl~mU~''U'l'U 495 !il'l ~-lLU'U'fl-lr1U1~ntlul-I~nlu'llu'lun1~ 

1 v ... ~ .J" v ...I. f'1 '1v~
glycosylation 'lltl'l 'l~~LVI-ln "1l-l'llUIJ1.Jn1~ glycosylation 4l~LnEJ')'lltl-lnu conformational change Yl411LuUlIltl 'l1~ ~Un11 

Ln~ fusion n11f3ryL~EJ'llU'lUn1~ glycosylation 'lltl-l1'l1~LVI-ln 1'U~h't1m{ 2 4l~vhl~LiiVl tolerance lU'llru:;~n11f3C1!L~EJ 
'llU'lUn11 glycosylation 'lltl-ll,)1~LVI-ln lU~L~'t1EJVi 3 4l~vh1ihii~n1~~VlL:atlL~l-Jl-Jln~"'U 'Utln411nif~')'U Env 'Iltl-31'l1~fl-lLU'U 
u1L'lru~41~nJ:;~ul~ host ~'fl-l neutralizing antibody (NAb) LVlEJ NAb 4l~4'unu1'l¥~vil1~hj~Il-J1HI infect L~I~ host 

cells 1~ (6) 

Non-structural 3 (NS3) protein LUU serine protease fl~IEJ1nu RNA helicase ~-lL~EJ')~tl-lnun1~vil-ll'U'lltl-l 
Ltlu1'l!l!LLrI:;n11L~l.J~I'U,)U'lltl-l1'l1~ NS3 protein LU'U monomer tJ1:;ntlU~,)EJnJ~tl~mU~IU'lU 615 vl,)LL~~LU'U 

tl-ll'1u1~ntlulu ~iral protease, RNA replication cofactor, NTPase LLfl:: putative helicase n11LiiVln1m~IEJvru~~ 
~ILmti-l motif 'Il'fl-l NS3 vill~Ln~n11EJm~nm~vil-llU'll'fl-l ATPase LL~:: helicase 1~ utln"llnifilnEJ-llU~U~1 nJVltl:;i1 

, 
L'Ul'U NS3 ~1l-Jl~[)nJ~~ul~ cytotoxic T lymphocytes LLrI~ helper T lymphocytes l-I~-l cytokines LL~:; immune 

mediators l1il-l11~ ~-lm41~-3~rll1itltlln11Yl1-lfl~iln'lltl-l~~V1L:ttl (7-8) 

'i'nnl'iVll~f1~iln (9) 

m~~~L{tl1,)1~L~-3n~'lulmlj41:;111ntl1m1 ~-l~uj-tlfJrI~ 90 ~'lU~~~L:ttl~i1tl1m1 4l~ilm~liilLilut1flLtlu 3 1~fJ::: 

" "u ... 1" v • 1 ~.. .... 1 ., .J' ...1. 1:;EJ~1'll (Dengue fever, OF) t;j ,)EJ41~l.Jmm1 'll~-l'Ul'U 4-7 'l'U u')~m1:t:; LU'fltl1t-111 tl1L41EJ'U u'lVlnrlll-JLUtl l-Jtl1m~ 

U'l ~rV1tl-lu1L') ruiunl-l1tl1~'ll1EJLflN ~'U'll,)1 vlUL~ LL~~n ~lL~U UI-l~lfJtl141 il"l (;l L~tl ~tl'fln~~,)l-I,r-ll-l1tlilmm1L~tl (;lfltl n 1u 

tl1'EJ')~~'U m),Vl(;l~'fluVJilLnv11~t.l~u')n~'flEJ~:; 80 



2. j::;tJ::;~n~1i1 1~JJn"1::;filVl"'bl!lt.h-lj,)li1l1'l 'vnnnn1Tf'l'tltl-l~fill~'..n (Dengue Hemorrhagic Fever, DHF) ~1hl'lUl-nn tn"l 

lnVlm'l::;~tln (Dengue Shock Syndrome, DSS) 1~ ~thtJ"I::;ntnn1jm::;ium::;~ltJ iitlLY11LEiU ~~"1n~h..!L'5vlLLfil::;L1J1fil-l ~ 

~ 'i' ~ ~ ~ ..r .. 1"I'l'lIl-JVlULfil'vlUl!in LUj::;EJ::;U~Utl1n1jLfiltlc;)tltln c;) 

fl'lllJtuLLN'lltl-lLjF1 LLU-lLUU 4 T::;r;lU LVltJtlIP1'Eltl1n1n~tlc;)tltlnLLfil::;m')::;-ntlF1 


LnTVl 1 mmJC1-l1lJ~utl1mjL~tlV\tltln n1jV1Vl~tlUV1iJLnIil1ih.JrlU'ln
. 

...... .. 

LnTC;) 2 lnnElCl-l )..JtlIn1TL'CltlVltltln 


LnTVl 3 'vI)..J1ElC1-l n~~"nU1L'5vl Fl')1)..Jr;lULfilMIil~1 


3. T::;EJ::;~n~u (convalescent stage) LUUj::;tJ::;~nn1j~c;)n~U'lltl-l~rll~)..J1L~I~m::;LL~L'ClMIil ~tJ,)EJ,,::;ntlln1T~fu ~)..J 

tlEJ1ntll'vllT U~fIll,)::;L~)..J tililnnlTLt1lU'lltl-l~')hfilC;)~N 

IiltlU~Utl-l vf-llu~,)lJ~LUlJ Cellular immunity LLfil::: Humoral immunity LVlm::;ViI-l1u6)..J~u€nlJ1un1T~"::;mUPl)..Jn1T~1i1 

L{'fHVl-lnlu11-lniEl LVlElV11-l~hu Humoral immunity ,,::;ij B cell ~-lLUW'l!rl~~Vil'v1Ul~1umn.J~IilLLtllJ~Utl~'DUVl IgM LLfil::: 

'i' -.1'1 .... ~Q ...... J'1...,..:aI ...,r_ a'" ... ..J~
IgG LVltJnlj(;1VlL'lI'f) Uj::;El:::UTn 9:::~Uj::;VlU IgM LLrl:::L)..Jtl)..Jn1TIilVlL'lltl ')jfllLIi1-ln~ltJ~u~LIi1l-J'l!1 "::;~U'j'::;I'IU IgG V1L~lJ)..Jln 

fu LIi1El~,,::;1lJ~uj:::r;lU'lltl-l IgM L~tl\l"ln memory B cell ~1)..J1jClli1tlU~Utl\l1~tlEh\lT,)I'ILn (10) (~U~ 1) 

~ -" .... ... .,('1"""tI n1'1(;1'fltJ~lJ'fl-3'l1'fl-3ntJtJJJ~~3Jn'lJ'lI'fl.:m1'1(;1(;1L"lI'fl 'lIL'il'flI'l'fl'fln~: 

(~lJl http://'MN'N.retroscope.eu/wordpress/dengue-virus) 

Dengue infection: immune response 

pnmoxy 1t'I'~uon 
""' ::;~otfy:T'Pt.:>m:\ 

Time 

2 

http://'MN'N.retroscope.eu/wordpress/dengue-virus


4 d: ... I r..tq l.I'I 

lL~:;).Jtnm1PJLlNlJ1n'lJ'W u11n{)n1HU'WL1Eln'l1 "antibody-dependent enhancement of infection" Yn'lvn'W Cellular 

immunity ,,::ij T cell ~'1LU'Wl'llrl~~v'hmJ1~1'Wn11fUlUfl'W~L"'W ~'1~C1lC1l1ruLLf'I::"hL'llf'!~~ijn11~VlL:tfl1'lf~ LVlEl1'lf~LVl'ln 

~1).J1Hlm::~'W na'tve CD4+ T cells ~'1 na'ive CD4+ T cells ~1m1()uJ~EJw1tJfl~1'WltJ'lJfl-1 effector cell 'DilVl[;]1-111~ L'lI'W 

T helper 1 cells (Th1), T helper 2 cells (Th2), T helper 17 cells (Th17), T regulatory cells (Treg) LLf'I:: T follicular 

helper cells (TFH) Uf'l:;~1lJ11()n1::~'W na'ive CD8+ T cells 1~nf'l1mtJ'W cytotoxic T lymphocyte (CTL) l-11fl cytotoxic T 

effector cells LVlEl T cells LL[;]f'!::'DilVl,,::ijl'!ru~).JU~LLf'!:;l-1l'J1~ LL(;ln[;]1'1n'Wflfln1tJ L~fl'll'lEl1'Wn11fl'lUI'!).Jn11~VlL:tflbf~LVl'l~ 

(11-13) (ltJ~ 2) 

itl~ 2 Effector cells ~Lnu\~1nn1i differentiate na'ive CD4+ T cells.. 
~ ,

(VllJ1 O'Shea and Paul. 2010, SCience) 

Classical 
monolithic 
view 

T cell 

/Tfh 
~~: ~""'T3 


STAT6 
~ 

-- STAT4 _ Th1 

~ 
~ STAT3----.,. 

STATS 

Population subsets 

.. 
~Th28 -----llii"il 

. , 

_ 

Th17 W
~1T,egO~ 

T helper 1 cells (Th1) (12) 


Na'ive CD4+ T cells ~ij signal transcription factor LU'W T-bet ,,:;y'h1~LilVlltJLLUU'lJfl'l effector cell1tJLU'W T helper 1 


cells (Th1) Lriflt;Jnm:;~'W":;l-1~'1~1)'1'llL(;l1f'ltr'DilVl interferon gamma (IFN-y) LU'Wl-1~n, interleukin-2 (lL-2) LV1El IFN-y,,:: 


'lI'lElm::~'Wn1n11-11'W'lJfl'l macrophage 1'Wn1n;1ft1m'llf'l~~ij~V1L:tfl1'lf~ 


T helper 2 cells (Th2) (1 2) 


Na'ive CD4+ T cells ~ij signal transcription factor LU'W GATA-3 ,,::y'h1~LiiVl~LLUU'lJ'tN effector ceI11tJLi'J'W T helper 2 


cells (Th2) Lriflt;Jnm::~'W"::l-1~'1m11'llL(;l1f'ltr'llilVl interleukin-4 (IL-4), interleukin-5 (IL-5) LLf'I:: interleukin-3 (lL-3) ~'1":: 

" 1""':-.J' " 1'" ",..J ", w..J'lI'lElm::J;j1.l mast cell Llf'!:: eosinophil l-I),Jn11l-1f'!'1mucus ).J1n'lJ'W LLf'!::-lJ'lElm::J;j'W '\.-l plasma cell ~n~ IgE LnEJ'l'lJfl'lnU 

l11'11Ji1 LLVi LLf'!::l-1'Wfl'WYi tnfi 
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T helper 17 cells (Th17) (13) 

Naive CD4+ T cells ~iJ signal transcription factor LlJl.I RORt-y '"I::":hHhnl'l~tlLLUU'lItN effector cell l1JLtll.l T helper 17 

cells (Thl7) ~-l'"l:;r11".iJl~1l.Jm1~11"L'llLVllI'1U'IIili1iinterleukin-17 (IL-17) l~LLfi IL-17A. IL-17F LLfl:: IL-12t(;1ul'l1tUlLflU 

L"'~hii'''l:;'ri'JEJ1il neutrophil LLfl:: monocyte L~lttlr11f'nEJL:[flLLUflY1l1EJUTL(Hl.!~iim1ti'm~u ".1flL:[flj'I~tltJmEJl.Itlm'llfl~
~ 

l.Iflnr.nnii' ~-lLrim~fl-lrlU inflammation LLfl:; autoimmune t(;1U TGF-P LLfl:: IL-6 LUl.JI;i'l'lhtJm::~l.Ilil na'ive T cell "'~-l 

~11L'llL(;]LflU'llil(;1IL-17 ~'ll.J TNF-U LLfl:: IL-1P '"I::r111ilIL-17 OmnLi'll'l-lflflm.nnifl.J 

T regulatory cells (Treg) (13) 

Na'ive CD4+ T cells ~O signal transcription factor LUl.I Forkhead box P3 (FoxP3) '"l::r111ilLnI'l11.JLLuU'ilfl-l effector cell 
~ 

hlLUl.J T regulatory cells (Treg) L~mil'fl-lnu immune suppression tPlEJ"l::r11m'1i'111"t'lltUitFlU'llilPl interleukin-10 (IL­

10) LLf'l:: TGF-P ~"'LUl.J immunosuppressive cytokine 'lI'fl-l T cell activation LLfl::Ll-InmUl1ilLn(;1m1i'1h-l FoxP3 

~tln"llnii' IL-6 ~-lLUl.Jt'lltUiLPlU~~Il.Jl'1ClUmr..,nl'1~11'" FoxP3 ~Lnl'l'"llnm'1Ll-IdEJ'lUlthl.Jvn.., TGF-P 1~ 

T follicular helper cells (TFH)(14-16) 

Na'fve CD4+ T cells ~ii signal transcription factor LlJlJ Bcl-6 L1IlJ T celis ~'il~1"1.1 lymph node r11".iJl~'Il'JEJ B celis 

l1EJwh T follicular helper cells (TFH) ~-l'"l::r11l-1iJl~ll.1m'1~11..,t'lltI1l1Pllr'llilc;) interleukin-21 (IL-21) tl'ltJ Na"ive CD4+ T 

cells ~~nm::~lJ~'ltJt'Jf~LI'l"'r11lJ T cell zone ,,::nf'lIEJLUlJ activated CD4+ T cells ~1l.Jl'1C1l-1~"'~I'1 interleukin-21 (IL­

21) Ufl::OmHL~I'l-ltl'iln'lltNLl.JLflf'lfl inducible co-stimulator (lCOS) LI'lUm1LL~I'l-lfltm'llfl",Ll.JLflf'lfl(;h"'1 '"I::~-lPl-lfl~t(;1Um'1 

n'1:;~lJtJllJV11-l T cell receptor (TCR). ICOS LL~:: IL-21 receptor ~-lfl~UTL'lnJ T cell - B cell border tl'lu"l::r111ilLn(;1n11 

LLM1-ltltln'llfl-lLl-JLflf'l~ CXC-chemokine receptor 5 (CXCR5) L~l-JiflJLL~::m'1LLi'lI'l-ltl'fln'ilfl-lLl-JL~f'l~ CC-chemokine 

receptor 7 (CCR7) ~I'lfl-l ~"'LulJvi'Jmuf1l-JllJmr'll'JEJy/1 activated CD4+ T cells c,jllJLillltl1l.1UTL'lru B cell zone Ln'"l:; 

LTEJn activated CD4+ T cells ,i'rh T follicular helper cells (TFH) L~'il TFH c,jllJL;hl1.J'il~llJu1L'lru B cell zone '"I::ii 

uV1U1V11lJmrulL~lJ'f.lLL'illJ~L"lJlilrlu B cells L~fl1il B cell nmEJLUlJ" plasma cells ~"'tl~l"1.1 germinal center r11".iJl~ 
" .J' ~ ,,~ 'i' t .-... '''''. ~ " .... .JMl-l Antibody l.Itln'"llnlJ TFH U-l~Il-Jl1(1Ml-l~I'1L'llLUI f'll.l'lllJ(;1 IFN-y LLfl:: IL-4 UI1Il-Ju1l-JlnJlJflEJn'lIV1i'1'11-l'"lln Th1 LLf'l:: 

Th2 

Cytotoxic T lymphocyte (CTL) 

Na"ive CD8+ T cells ~ii signal transcription factor LUlJ Blimp-1 Lij'fl~nm::~lJ~'lEJLLtllJ~L"lJ Na"ive CD8+ T cells '"I:; 

.1 ~" ... :! .J 1· .-.1_ ..r
L1.Jf'lEJlJ~rnY/ L1.JLiJlJ cytotoxic T lymphocyte (CTL) l-I'1'fl cytotoxic T effector cells "ll"''"I::lI'lU lJm1Y11f'lIEJL'lIf'l'l'lV1VlI'lL'lIfl 

l'lf~ t(;1Um1Lil TCR llJn114'UrlU pepUde ~fl~1"1.1 groove 'lJfl..,tl.JLf'lfj~ HLA class I LLf'l:: CTL '"l::"'~"'~11 perforin. 

cI. .J' ~ .... l'i'~'-- ~.J 
granzymes LLf'l:: granulysin flflnl-JILy/'il~1 target cells lJ'iln'"llnlJ CTL U"'~Il.J1'1ClMl"'~11 '11 L(;] LfllJ'lIlJl'l IFN-y 'n-l'"l::lI'lEJ 
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6uJ.,jn1n~l-J91'W'l'W'II!l.,jl'lf~Jl1iJl'WL'l!~~~~';)L:(fl tumor necrosis factor-U (TNF-U) LL~:: Iymphotoxin-U (LT-U) "l::'ll'liJ 

1i1 target cells lYl1tJLLUU apoptosis 

'Wflnr.nnll n1~LL~Vl.,jflfln'llfl.,jtl-JLf'l'"lf'lU'W~'ll'llf'l~'I1UVl CCR7 LLf'l:: CD45RA 'll'ltJLLU.,j T cell subset flflmu'W'I1UVl 

j;]1.,jll~llri Naive T cells ~::i:ln1~lL~Vl.,jflfln'llfl.,jtl-Jlf'l'"lftLU'WlLUU CCR7+ CD45RA+; Central memory (CM) T cells ~::iJ 

n1 nL~Vl.,jflfln'llfl.,jtl-JLft'"lf'lLU'WLLUU CCR7+ CD45RA-; Effector memory (EM) T cells ~:::iJn1~ll~Vl~flfln'llfl~tl-JLf'!'"lmu'W 

lLlJU CCR7- CD45RA- llft:: Late effector (LE) T cells ~:::i:ln1~LL~Vl~flfln'llfl~tl.JLf'!l1ftLU'WlLU1J CCR7- CD45RA+ (1 5-18) 

.. 
(lYl111-.1Yl 1) 

~. ~ ,,0­
Vl1'n~'V1 1: m'i~1LL1J n T cell subset ~VltIn1'i~"lI CCR7 LL'a:: CD45RA 

CCR7 CD45RA 


Na-;ve T cells + + 

Central memory (eM) T cells + 

Effector memory (EM) T cells 

Late effector (LE) T cells + 

Na"lve T cells (CCR7+ CD45RA+) ldflQnm::~'W~'ltJLLfl'W~h~'W ~::LtI~tn..l~ln CD45RA lt1Lu'W memory cell ~~i:ln1~ 

Ll~Vl~!lfln'll!l~b.Jlftl1ft CD45RO lLf'!:: CCR7 ~~LUU chemokine receptor ~::'ll'liJllt.i~LLiJn memory T cells fl'flnLU'W'I1UVl 

j;]1.,j11~llri (1) Central memory (CM) T cells (CCR7+ CD45RA-) ~~lu'W!;r'lmmp.J1Un11·lhiJVn activated CD4+ T 

cells ~1'Wl;11t11uu1m\.J lymph node ll~::iJf'I'lIl-J~1l-J11()1'Wn1n~)J~IU'lUi3~ (2) Effector memory (EM) T cells (CCR7­

CD45RA-) ~~lU'W effector cells ~'fj1Jfl~l'W peripheral tissue llf'l::l'Wt'\rn'l::~iJ Ag llimrul-Jln (3) Late effector T cells 

(CCR7- CD45RA+) ~~lU'WL'l!~~ terminal differentiated effector cells lTnYiul'W memory CD8+ T cells ~~'ll'liJ1'W 

'IIU'l'Wnl~ Ag clearance CCR7 - memory T cells ~::i:ln1~lLt'\V'I-.1!l'fln'llfl-.1 ~1 Llf'!:: ~2 integrins 1'W~::rtu~~ ~-.1lU'Wtl-JLft'"lft~ 

~1r)C\Jl'Wn11Ull'l!ft~1t1~ inflamed tissues 'Wfln~lnll6.,j'fjUfln11nl~m:::~U~'liJ tetanus toxoid yh1i1 na"lve T cells, CM 

T cells LLft:: EM T celis ~1l-J1~()lli.,j1'l!tIf11f'1'1r'l1UV'I IL-2 1'W'JJru::~ EM T cells llft:: LE T cells ~1l-Jl~(llli~1'l!tlY11rllr'llUV'I 

IFN-y (19-22) 

J ,,_...r 1 ~ -'1 ' .... ~ 
l'W'fl~~lnC;!lY1VlL'Il!l 'l~~lVl~n 'W~:::iJ:: acute phase 'fjU'lIl-Ju~l-Jlru CD4+ T-cells, CD8+ T -cells llft:: natural killer 

f'lVlft~ ~-.1vil1i1n')~lY1flUt'\Ufl-.1Yll~~I'W B cells 'bJ~~~',hli1lnVlm1A'tl~ antibody hiLYliJ-.1'fjfluiflm~uiflriil'Wl~fll'lf~ fini'l 

m~~m:n TFH LLf'!:: subset T cells llft'-.1mm1:::~'W~'lmlfl'W;;l~'W'lIfl-.1'hfAL(Mrl~-.1i1n'tl'f1m~nUfliJ rt-.1tfu~i)4'ur.j~1~vil-.11'W 

ij4'unLVlU~-.1Luul'Wn1~P1m:tl flru~ l-Ju"1i'llfl'l L 'Ilf'!~'lIijVl uil-.11 Ld~HJnn1:::~U~'lUllflU~ l~'W'JJfl~'hf~ LV'I~n~liJiu1 ~ L1iJ n11 

peptide 11iiflru~l-J1J1i LLlYln uil~numh~h1'WLLuif'!::1::u::L'lftl'l1fl~n11;;"Il~tll'lft'\ lV'l~nluf'I'WlYlU (acute, convalescent LLf'!:: 

follow-up phase) tV'liJ~::Yhm1~m:tlflruft'n1!tru::'lIfl~L'Ilft~'IlijV'l TFH ~iJnl~llt'\V'I-.1flfln'/Jtl-.1 CXCR5+ICOS+ i'll'Wll~'1Itl'l 

CD4+ T cells llrl:: CD8+ T cells tV'luVJm~lli~~111ilIf11f'1'1r'l!ijV'l IFN-y, IL-17 llft:: IL-21 'Wfln~lnll~~yhm1~n1!tl 

subset T cells 11i:lft'n1!tru:::LUU na"lve T celis, CM T cells, EM T cells LLf'!::: LE T cells LLlf1nuil~numh'lh tV'liJn1~ij4'u 
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'flhl1 fH11 

(1) L~'fl~n1!t1flrufln1iru:;LL'Cl:;tfh.nru'1l'fl\l CD4+ T cells, CD8+ T cells, TFH cells LL~:; subset T cells (naive, CM, EM 

LLf'l:; LE) 1 hl1:;tI:; vi1 \I1'IJ'fl \Ihf111i L~'flVlfltln lh1~~VlL:['fl LVI\I ri1h1flhl1vltl 

(2) L~'fl~n1!t1UYlU1Yl'1l'fl\l TFH cells i\l CD4+ T cells LLf'l:; CD8+ T cells LL'Cl:; subset T cells (naive, CM, EM LL~:; LE) 

~~\I"l1nm:;~hI~'lti NS3 peptides LLf'l:; Env peptides 1'W1:;tI:;vi1\11'1ltNhfl1;JLf1'flVlfl'fln lh1~~VlL:['flLVI\l1i1h1fl'W1vltl 

dI" A,J. .. .J .. 0 'G'" ~ 
m1Lr.n:;Li'lflVlLLi'l:;mu serum L~tlri\l11l1'l"l serotype Lf'ltl~YlL~f'ltl"l:;hl1l-J1LLtlm'llf'l'ClLl-JVlL~'flVl'IJ1'l'll'WVI peripheral blood 

J • v.~
mononuclear cell (PBMC) L~'flYl1m111lY.l"l~1flrui'ln1iru:;LLi'l:;u1l-J1ru'IJfl'l CD4+ T cells, CD8+ T cells, TFH cells LLf'l:; 

subset T cells (naive, CM, EM LLf'l:; LE) LL~:;~fl')1l-J~1l-J11(11'Wm1~i\l~111'11LI1l1fltr'llU(;) IFN-y, IL-17 LL~:; IL-21 L~mj1 

L'll~~iil~L~tl~'ll1'l'llUVl PBMC ~LLtln1~"l1nm:;LL~L~'flVll-l1vi1n11m:;~hI~btJ dengue antigen (peptides) 'llUVl NS3 LL~:; 

Env LL~:;vi1m1iJ'fll-JA fluorescence ~'ltl~fi intracellular cytokine staining (ICS) LL~bl11l-11f)Lfln:;,x~'ltILfli'fl\l Flow 

cytometry (LSRII) hJ1LLn1l-J FACS Diva ~~\I"l1nJhlu1CJ'Clm1YlVl~'fl\l~1~l-J1~1fl')1l-J~l-JvrhlfinUj':;tI:;vi1\11'lltl\lhfl 

1ii L~'fl Vl'fltln 1hI~~VlL:[tl1'lf~LVI'l1i1hlflhl1Yltl 

~f)4'tllMUfl')1l-Ji'll-l~'fl~1nLLCJ'Wn~l-J11L'l'llP11~V1f L'N~tI1U1'Cl~l-lYlj'Unn11 1'Wn11U1:;~W.'!'l1h14'VlLnuvl,)'flEl1'l 

L~tlVl ~u')m~n~thmu'WL1fl1ii L~'flVltl'fln vi11~~1l-J11mnuvl')tlEl1\1 LfitlVll~vf'llhI'!!'l\l~ LU'W acute phase LL~:; convalescent 

phase LVlmnUvl')tlEl1\1L~tlVli\l~l-JVI~1h1'lU 48 nu LL'Cl:;mj'lLUhI 3 n~l-Jl1l1l-Jfl')1l-Jr'WLL'N'lltl\lL1fl l~LL1i n~l-J~ 1 n~l-J~i1 

tl1n11HL~tlVltltlnLLUU Dengue fewer (OF) ~1h1,)U 19 ntJ n~l-J~ 2 n~l-I~i1tl1n111~L~'flVltltlnLLUU Dengue 

• ,J ,J.... 1" .. ( )Hemorrhagic Fever (DHF) ~1h1'lU 26 11tJ LL~:;n~l-IYl 3 n~l-JYll-ltl1n11 'llLi'ltlVltltlnLLUU Dengue Shock Syndrome DSS 

~1h1'l'W 3 11t1 hltln"l1nif6\11~L~1:;Lnuvl')tlEl1\1L~tl(;).[11'W~iJ,)u11m~l-J~fl\l"l1n~"1L:[tlU1:;l-I1ru 3 L~'flU (Follow-up phase) 

1~~n~1'W'l'W 10 11U LUUL~n 9 nmL~:;~1~n.l1 11t1 l-I1vi1m1~n1!t1 recall memory 'lJtl\l T cells ~~\I"l1nm:;~hI~'lU 

dengue antigen (peptides) 'llUVI NS3 Llft:; Env protein vi1m1lnUvl'lflEl1\1 PBMC ~lnul~l'WLLvii'l:;fl¥'ll'llun'l Liquid 

nitrogen (-196 DC) 

lff')tlEl1'lfl'Wl;Ji\l~l-IVl~lnul~1'W'll')'l acute phase 1~Qnl11l-J1vi1n11l1l1,)~~1 serotype 'lJtl\ll')ff'lLVl\l~l'Wm:;LL~ 

L~tl(;) LVlUn11V11,)~~1 genome 'lltl'lbf~ ~'lU'lfi semi-nested multiplex PCR ~'ltl1Pl'Un114'un'WtlEl1'l41l~1:;'lJtl\l viral 

genome nu serotype-specific primers ~lilluunmtl1 
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m~"f!Jn Peripheral blood Mononuclear Cells (PBMCs) "'i1m~'iJiI 

Lnulff,)tl~h:H~'flVl11.J"I-I~flV'l~rh~lj'ri\JL~flV'lLLii-l'!lUV'l Acid citrate dextrose (ACD) lJllff')mh-lL~flVl'-J1LLun PBMC 

~')tJf)fi Density gradient centrifugation lJl1t.Jtf1.J~rl')I'-JL~,) 1,500 j'fluliitl1.J1Yl ~~ru"l-l1Jijiifl-lLtl\JL,)~1 30 1.J1Yl '"l:;Ui 

'lIfl-lLl.1~,)fltlm.riLtl1.J 4 .ff1.J ~fl plasma; PBMC (~n1:tru:;Ltl1.J,)-lLL"I-I,)1.J~m')~1.J); Ficoll-Hypaque LLft:; red blood cell '"llnU1.J 

~-l~I-l Lllu~,)1.J~dJ1.J PBMC lJlhJtf1.J~I-lL'l!ftff 2 I'lf-l~')tJfl1"1-11j'LitJ-lL'l!ft;'l!UVl RPMI1640 ~rl')Il-JL~,) 1,800 j'fluliifl1.J1Yl ~ 

~rul.11Jijiifl'lLtl1.JL,)~1 10 1.J1Yl "I-I~-l'"llmrlJLVl~,)1.J1~flfln LL~:;L~l-Jm"l-llnitJ-lL"l!~;'IlUVl R10 (RPM11640 ~ii fetal bovine 

serum [FBS] 1 0%) lJlhh.ru~I1.J,)1.JL'l!ft;mtJL~n~fl-l~ftVl5'5'PlU LL~')lJlhJLnu1111.Jcl'l Liquid nitrogen "l1.Jn11'"l:;lJll-J1Yil 

n1j'VlVl~flU.,.lTfll-Jri1.J 

m~'iJ'iJmUJu "il:m1~1If1-3 Overlapping peptide (OLP) 

'i'tl ... ..j" ~ 'i' 1"· ~ - -'i' 1'" .J' 1 ~_.J' 1 ~ .."1-11 sequence 'lIfl'lL 1t;]1.JVlt;]fl'lnlj'l'In1:t1 LV'llI '!l~IVlU1.J,)l'lfhfl VlVl'lltl-lL'!ltl Dengue virus 1.J~t;]V'lL'!ltll'l1.J VlllVll-J 

n11j'111-l11.J11.J GenBank database 1~LLri Non-structural protein 3 (NS3) ~11.J,)1.J 10 nULLft:; Envelop (Env) 411.J,)1.J 124 

ntJ lJl consensus sequence i'l"l-ll-JVl~H1L~tln11l-J1LtI1tJULYltJuriu amino acids alignment 'lltl'lL=!tlL1.J serotype 2 

.J 1"1"nI ..j ~I ~ ...l.. .J' ..J. ~ '1 ~" 'i'tl ~ !"IL"(jfl "1-1 V'lrI,)1.J'lItl'l peptide VlmtlUI'l~l-JLL~:;Lu1.JIi1,)LLVl1.JVlVl'lltl-lL'llflVln1f'l-l1:;U1VltlfJ 1.J'llru:;1.J1.J L'll1 L nm5'l-J PeptGen "n-lLu1.J 

ttlmml-J~1"1-11Un11mJnLLUU overlapping peptides (OlP) ~V'ltJ"l:;L~tln peptide ~ii'll1.J1Vl 18-20 amino acids LLft:; 

~ 'i' % ... t .J'1 ~..1 ..
overlap n1.J 10 amino acids LV'ltlrl'lLI'l11:;llVl-l whole protein 'll'fl'l NS3 LLft:; Env protein 'llfl-lL'iltl ,)1~LV'I-ln serotype 2 '11'1 

Ltl1.J~ll1W1.Jfi~iinlj'1:;U1 V'll-Jln~~V'l11.J1.h:;LVlPl1Vltl \.I~-l"llntf1.J~-l~tll-Jf'l sequence i'l"l-ll-JV'lliiriuu1~VlL~tlYilm16'1 Ll'ln:;~•• v 

• ..1% !'I ,,0 "'!"I . ..01 1"1 ' 1tlpeptide 1.11 peptide Vl'(l'lLl'ln:;'\.1 LV'll-J1Vl1n1nmEll-JLulJ pool peptide L"(jtl '!l 1.Jn1j'VlVl~tlUt;]'fl 

Overlapping peptide design and synthesis m'i1i.1Jm~ilm:l1 
viln1j't)tlnLLUU~11'1 OlPs 'lltl'lL=[tl1,)1£qLV'I-l~ serotype 2 i'l"l-ll-JV'I 110 L~1.J 1~LLri 11.1~,)1.J'lltl'l NS3 411.J,)1.1 61 

L~lJ LLft:; Env peptides 411.J,)1.J 49 Ll4lJ ~~ULLliift:;L~1.Jtlj':;ntlU~,)ElmV'ltl:;m1.J411.J,)1.J 18 !Ji',)LL~:;'"l:;iimj' overlap n1.J~,)EJ 

mV'ltd111.J411.J,)1J 10 Iff') tV'lEJLL~V'I-lntJft:;LfltJVl peptide LLliift:;L~1.J1111.Jj;ml'1~ 2 LL'I'I:; 3 

01'i1-1'V1"" 2: Non-structural protein 3 (NS3) Peptide Sequences 

No, Protein 

4 

5 

6 

7 

8 

9 

10 

11 

12 

NS3 

NS3 

NS3 

NS3 

NS3 

NS3 

NS3 

NS3 

NS3 

NS3 

NS3 

NS3 

Serotype 


2 


2 


2 


2 


2 


2 


2 


2 


2 


2 


2 


2 

Peptide Sequence 

AGVlWDVPSPPPMGKAELED 

PPMGKAELEDGAYRIKOKGI 

GAYRI KOKGllGYSOIGAGV 

lGYSOIGAGVYKEGTFHTMW 

YKEGTFHTMWHVTRGAVLMH 

HVTRGAVlMHKGKRIEPSWA 

KGKRIEPSWADVKKDLlSYG 

DVKKDLlSYGGGWKlEGEWK 

GGWKlEGEWKEGEEVOVLAl 

EGEEVOVLALEPGKNPRAVO 

EPGKNPRAVOTKPGlFKTNT 

TKPGLFKTNTGTIGAVSLDF 
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I. 

No. Protein Serotype Peptide Sequence 

13 NS3 2 GTIGAVSLOFSPGTSGSPII 

14 NS3 2 SPGTSGSPIIOKKGKWGL Y 

15 NS3 2 OKKGKWGLYGNGVVTRSGA 

16 NS3 2 GNGVVTRSGA YVSAIAQTEK 

17 NS3 2 YVSAIAQTEKSI EON PEl ED 

18 NS3 2 SIEONPEIEODIFRKRRLTI 

19 NS3 2 OIFRKRRL TIMOLHPGAGKT 

20 NS3 2 MOLHPGAGKTKRYLPAIVRE 

21 NS3 2 KRYLPAIVREAI KRGLRTLI 

22 NS3 2 Al KRGLRTLILAPTRWAAE 

23 NS3 2 LAPTRWMEMEEALRGLPI 

24 NS3 2 MEEALRGLPIRYQTPAIRAE 

25 NS3 2 RYQTPAlRAEHTGREIVOLM 

25 NS3 2 RYQTPAIRAEHTGREIVOLM 

26 NS3 2 HTGREIVDLMCHATFTMRLL 

27 NS3 2 CHATFTMRLLSPVRVPNYNL 

28 NS3 2 SPVRVPNYNLlIMDEAHFTD 

29 NS3 2 IIMDEAHFTDPASIAARGYI 

30 NS3 2 PASIAARGYISTRVEMGEAA 

31 NS3 2 STRVEMGEAAGIFMTATPPG 

32 NS3 2 GIFMT ATPPGSRDPFPQSNA 

33 NS3 2 SRDPFPQSNAPIIDEEREIP 

34 NS3 2 PIIDEEREIPERSWNSGHEW 

35 NS3 2 ERSWNSGHEWVTDFKGKTVW 

36 NS3 2 VTOFKGKTVWFVPSIKAGND 

37 NS3 2 FVPSIKAGNOIAACLRKNGK 

38 NS3 2 IAACLRKNGKKVIQLSRKTF 

39 NS3 2 KVIQLSRKTFDSEYVKTRTN 

40 NS3 2 DSEYVKTRTNDWOFWTTDI 

41 NS3 2 OWDFWTTDISEMGANFKAE 

42 NS3 2 SEMGANFKAERVIDPRRCMK 

43 NS3 2 RVIDPRRCMKPVIL TDGEER 

44 NS3 2 PVIL TDGEERVILAGPMPVT 

45 NS3 2 VI LAGPMPVTHSSAAQRRGR 

46 NS3 2 HSSAAQRRGRIGRNPKNEND 

47 NS3 2 IGRNPKNENDQYIYMGEPLE 

48 NS3 2 QYIYMGEPLENOEDCAHWKE 

NDEDCAHWKEAKMLLDNINT49 NS3 2 
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No. Protein Serotype Peptide Sequence 

50 NS3 2 AKMLLDNINTPEGIIPSMFE 

51 NS3 2 PEGIIPSMFEPEREKVDAID 

52 NS3 2 PEREKVDAIDGEYRLRGEAR 

53 NS3 2 GEYRLRGEARKTFVDLMRRG 

54 NS3 2 KTFVDLMRRGDLPVWLA YKV 

55 NS3 2 DLPVWLAYKVMEGINYADR 

56 NS3 2 MEGINYADRRWCFDGIKNN 

57 NS3 2 RWCFDGI KNNQILEENVEVE 

58 NS3 2 QILEENVEVEIWTKEGERKK 

59 NS3 2 IWTKEGERKKLKPRWLDARI 

60 NS3 2 LKPRWLDARIYSDPLALKEF 

61 NS3 2 YSDPLALKEFKEFMGRK 

... 
~J'i1.:11'! J; Envelope protein (E) Peptide Sequences 

No. Protein Serotype Peptide Sequence 

E 2 MTMRCIGISNRDFVEGVSGG 

2 E 2 RDFVEGVSGGSWVDIVLEHG 

3 E 2 SWVDIVLEHGSCvnMAKNK 

4 E 2 SCVTTMAKNKPTLDFELIKT 

5 E 2 PTLDFELI KTEAKQPA TLRK 

6 E 2 EAKQPA TLRKYCI EAKL TNT 

7 E 2 YCIEAKL TNTTTESRCPTQG 

8 E 2 TTESRCPTQGEPSLKEEQDK 

9 E 2 EPSLKEEQDKRFVCKHSMVD 

10 E 2 RFVCKHSMVDRGWGNGCGLF 

11 E 2 RGWGNGCGLFGKGGIVTCAM 

12 E 2 GKGGIVTCAMFTCKKNMEGK 

13 E 2 FTCKKNMEGKIVQPENLEYT 

14 E 2 IVQPENLEYTIVVTPHSGEE 

15 E 2 IVVTPHSGEEHAVGNDTGKH 

16 E 2 HAVGNDTGKHGKEIKVTPQS 

17 E 2 GKEIKVTPQSSITEAELTGY 

18 E 2 SITEAEL TGYGTVTMECSPR 

19 E 2 GTVTMECSPRTGLDFNEMVL 

20 E 2 TGLDFNEMVLLQMENKAWLV 

21 E 2 LQMENKAWLVHRQWFLDLPL 

22 E 2 HRQWFLDLPLPWLPGADKQE 

23 E 2 PWLPGADKQESNWIQKETLV 
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No. Protein Serotype Peptide Sequence 

24 E 2 SNWIOKETL VTFKNPHAKKO 

25 E 2 TFKNPHAKKODVVVLGSOEG 

26 E 2 DVVVLGSOEGAMHTAL TGA T 
.. . . 

27 E 2 AMHTAL TGATEIOMSSGNLL 

28 E 2 EIOMSSGNLLFTGHLKCRLR 

29 E 2 FTGHLKCRLRMDKLOLKGMS 

30 E 2 MDKLOLKGMSYSMCTGKFKV 

31 E 2 YSMCTGKFKWKEIAETOHG 

32 E 2 VKEIAETOHGTIVIRVOYEG 

33 E 2 TIVIRVOYEGDGSPCKIPFE 

34 E 2 DGSPCKIPFEIMDLEKRYVL 

35 E 2 IMDLEKRYVLGRLlTVNPIV 

36 E 2 GRLlTVNPIVTEKDSPVNIE 

37 E 2 TEKDSPVNIEAEPPFGDSYI 

38 E 2 AEPPFGDSYIIIGVEPGOLK 

39 E 2 IIGVEPGOLKLNWFKKGSSI 

40 E 2 LNWFKKGSSIGOMFETIMRG 

41 E 2 GOMFETIMRGAKRMAILGDT 

42 E 2 AKRMAILGDTAWDFGSLGGV 

43 E 2 AWDFGSLGGVFTSIGKALHO 

44 E 2 FTSIGKALHOVFGAIYGAAF 

45 E 2 VFGAIYGAAFSGVSWTMKI L 

46 E 2 SGVSWTMKILlGVIITWIGM 

47 E 2 IGVIITWIGMNSRSTSLSVS 

48 E 2 NSRSTSLSVSL VL VGIVTL Y 

49 E 2 L VLVGIVTL YLGVMVOA 

m'iP1'i?"iJnm'iIW811~U'l)..J'lIiN dengue specific T cells i?r/iiimni'l)S.} Intracellular cytokine staining (lCS) 

\11 PBMCs 1J1m::~lJ~()tJ Pool peptides 'lI'fl'l NS3 LL~:: ENV LlJ serotype 2 LL~::m::~U~l)tI SEB 

(staphylococcal enterotoxin B) Ll~:: PMNionomycin L1JU positive control LL~::llJm::~u L1JU negative control Lij'WLI)~1 

20 -B'l)hl'l \-Itr'lr.nmf\Jvhn1~EJU~'ln1~Vli'l~1~1'l!t(;11f1\r~l)tI Brefeldin A (BFA) "l1mfu,j1L'l!~ft~Qnm::~Ul-m;1n1~ fix 

~l)tl4% paraformaldehyde LL~:::Lr.n::lL'JI~ft~htl 1X FACS Permeabilizing Vltr'l"l1mfutlt)lJ~l)tI~ fluorescence 'l1UUl IFN­

Y-FITCIIL-17 A-PElICOS-PE-Cy7/IL21-AlexaF647/CXCR5-PerCP/CCR7 -AlexaF700/CD45RA-APC-Cy7/CD4-PETx 

\-I1'fl CD8-PETx Llft::vhn1~'lLfI~::\-I1~tlm~L:nLf'1i'El'l flow cytometry (LSRII) tthLLnnJ FACS Diva 
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Demographic data 

~thm~n~thmu\..IhI'lVih~tll1ltltln''llmLCJ\..InrpJ1'i'L,)'Ilf'11~U1f h-lYimU1~~"fYl'i'tI'i'ln1'i' 41\..1')\..1 48 'i'liJ LLU-lLU\..I 

3 n~),JUI1),J1'l'J1),J(\..!LLj'-l'lltl-lhrl1~ LLn n~),J~ 1 n~),J~lJtl1n1'i'1~L~tl.l1ltltln\LUU Dengue fewer (OF) 41\..1')\..1 20 'i'liJ n~),J~ 2 

nt4),J~lJtl1n1'i'11JL~tll1ltltlnLLUU Dengue Hemorrhagic Fever (DHF) 41\..1')\..1 25 'i'lEl LL~:;nt4),J~ 3 nt4),J~lJtl1n1'i', , , 

1~L~tll1ltltlnLLUU Dengue Shock Syndrome (OSS) ~l\..1,)\..I 3 'i'liJ lJtl1EJ'i':;W)l-l 7 - 14 U (L'U~iJ 11 U) LU\..I'Il1iJ 22 'i'lEl 

LL~:;l-Ic1J-l 26 'i'lil [i]')tlth-lL~tll1llw'll,)-l acute phase 1~~nU1),J1~lLL\..In serotype 'lItl-l1')f~ ~,)El1fi semi-nested multiplex 

peR Yiutj1I'l\..l1~~I1lL;[tl1')f~ serotype 1 ~1W,)W 17 'i'liJ~I1lLtJW'j-tlEl~:; 35, serotype 2 ~1W,),W 18 'i'liJfiI1lLUW'j-tlElft:; 38, 

serotype 3 ~l\..1,)W 11 'i'1Elf)vHuw'j-tlm~:; 23 LL~:; serotype 4 ~lW'lW 2 'i'liJ~I1lLUW~tliJ~:; 4 (m'i'l-l~ 4) 

Serotype N Male Female mean Age (range) OF DHF grade1 DSS 

(years) 

All 48 22 26 .· 11{7~1'41 19 26 3 .. 

OENV1 17 (35%) 6 11 11 (8-14) 8 8 

O~NV2 18 (38%) 10 8 .- 11Xt;:iA} 6 10 , 2< 

DENV3 11 (23%) 4 7 11 (7-14) 5 6 0 

QENV4 
.. , ' 

. .. 2(4%) ' 2 0 
" 

.. '. ',: F(10~fi~) 0 2 ' 0, 

*~1l-1qJ 1 'i'lmU\..ILYil'll-lclj-l tl1~ 54 U ~I1lLit1LI1l-3~ serotype 2 

\..Itln"llnl1 m).J1'i'mnu[i],)tlEi1-l Lfttll1l.[11\..1~tJ'liJ'i'1m~),Jl-I~-ln1'i'~I1lL:(tltl'i':;),J1 ill 3 L~tl\..l l'I1),J'i':;iJ:;L,)~1'lltl-ln1'i'~11l 

L:[tl~lW'l\..l 3 I'lf-3 fltl (1) acute phase ~tll-l~-llJ1~ 3-7 1\..1 (2) convalescent phase ~'1ll-l~-3iJ1~ 14 1\..1 LL~:; (3) follow-up 

phase Fi'ill-l~-liJ1iJ 3 L~tlW 41W')\..I 10 'i'lEl LiJWL~n 9 'i'lmLft:;~1l-1C1l 1 'i'liJ 'i''l),Jvr.:Jl-I),J11l 30 lii')tlEil-3~1il1\..1m'1Y1I1l~tlun1'i' 

U1tlUi'lWtl-3'lJtl-l dengue specific T cells Wtln"llnl1~~I1lL:[tl41W,)W 1 0 'i'liJ YiUtj1lJn1'i'~I1lL:[tl1'lfi'l serotype 1 ~lW,)'W 3 

nElf)I1lLU'W~tlElft:; 30, serotype 2 ~lW,)\..I 4 'i'liJ~I1lLUW'j-'ilElft:; 40 LLft:; serotype 3 ~lW,)W 3 'i'lEl~I1lLtJU'j-tliJ~:; 30 (mn-l~ 

5) 
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1'1111~Y1 5: LL'ilI'I~~ru~nHru::'IJ'iWel1~1·'UJf'I'i1iii1U1U 10 l1e U follow-up phase 

No. Patient's code Age (yr) Sex Serotype Symptom classification 
-----~----.-- -------.--- ,-., -~ -- - - -. - .-. . ---.~---------~- - ~-.---- ----

~ l' _ _ - , ~.:',q ... le:- - :1! .1 ;- , t,.-I;,'" ~(_, l },' 

APS 026 14 Female Den1 .DHF grade 1 ,-. 
~ - -., .1 - - • • - • ­

1:~~~ ••;-~~".;,:__.:.,~ :.-~. ~..,::l~ : _?-~' ,'" .~~~._ ':. r,",'l~ ,.' )~J~. '. : ,'~. . ... " 1.. ; _ '...-.c : _ 

4 APS025 13 Female Den2 DF 
- . .. - - .~". .... 

? ',f}:._:-.. · ;:'-, ':",T :,;".... ' = '--"~ll:I~-' 
. . ­

6 APS 037 9 Male Den2 DSS 


- --' ~'.-.- ',..., T~,,/-:"~~.ti":: "0., , •• 

J0 

1=-l' ::' f ;,...t, .. ' ... 1'.... .. _!;.;.~~ __.. .' _ ' -v.", . ~. ~ _1: _ ..:........ 

. .- . 

APS 001 9 Female Den3 DF 

APS 047 11 Female Den3 DF 

tfhnru'll'fl~ CD4+ T cells, CD8+ T cells, TFH cells Wi!:; subset T cells (naive, CM, EM LL~:; LE) tU'i::e:;vh~ ') 

'll'fl~hf'lL.nLii'fll'l'fl'fln t UeJ~VlL=i'fll'li'~LI'I~mUflULY1e.. 

A • v 

T cells 'IJtl~ acute phase, convalescent phase LLrl~ follow-up phase rl'fl 10.5%, 17.4% LLrl~ 18.2% li11l-Jrl1VlU LLrl~ 

rh,rfitljllJ'll'fl\l CD8+ T cells 'lltN acute phase, convalescent phase LLrl~ follow-up phase fi'fl 27.9%, 33.6% LLrl~ 

30.4% 1T11l-J~'~1J LLrl~ml-Jlru'lltl\l TFH CD4+ T cell (CXCR5+/ICOS+/CD4+) 1lJ~::;tl~L,)rllvi1\11nlJ Yl1JtJ1 rh,rfitl3'lJ 

'llt)\I TFH CD4+ T cells 'lltN acute phase, convalescent phase LLrl~ follow-up phase fi'fl 29.7%, 9.7% LLrl~ 17% 

Iilll-J~I~1J LLrl~ml-Jlru'll'fl\l TFH CD8+ T cell (CXCR5+/ICOS+/CD8+) 1lJ~~U~L'lrllI1l1\11nlJ Yl1JtJl rhlTfiu31lJ'lJt)\I TFH 

CD8+ T cells 'IJt)\I acute phase, convalescent phase LLrl~ follow-up phase fit) 27.9%, 19.5% LL'Cl~ 23% j;l1l-J~1~1J 

.c4 eta.- • t ..:. 
(Iil1n\lYl 6) lJt)n"nnlJtI\lYlln1'II1l~,)9"'1 subset T cells (Na"ive, eM, EM LLrl~ LE) Yl\l'lllJVl CD4+ LLrl~ CD8+ T cells 1lJ 

~~tl~L'lrllui1\11nlJ Yl1Jr)1 fhlTfiU31lJ'll!l\l na"ive CD4+ T cells ~'fl 38.8%, 40.9% Llrl~ 32.8% CM CD4+ T cells ~tl 

35.2%, 26.6% Llrl~ 20.2% EM CD4+ T cells ~'fl 20.6%, 19.5% LLrl~ 33.6% LE CD4+ T cells ~'fl 5.7%, 8.8% LLrl~ 

9.1% LLrl~rh,rfiUfj"llJ'IJ'fl\l na"ive CD8+ T cells ~tl 40.6%, 32.7% LLrl~ 28.7% CM CD4+ T cells ~'f) 20.5%, 17.7% LLrl~ u . 

4 4 • .., 

12% EM CD4+ T cells rlt) 15.9%, 28.8% LLrl~ 22.4% LE CD4+ T cells rl'fl 20.4%, 19.6% LLrl~ 31 .2% (;I1l-JftlVl1J 
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01'i1.:J~ 6: tW)J1tu'll'fl.:J CD4+ T cells, CD8+ T cells, TFH cells U~::: subset T cells (naive, CM, EM LL~::: 

LE) 

Median (range) 

Acute Phase Convalescent Phase Follow-up Phase 

CD4+ T cells 10.5% (6% - 32.9%) 17.4% (7.6% - 26.2%) 18.2% (7.2% - 31.5%) 

CD8+ T cells 27.9% (23.2% - 38.4%) 33.6% (15.2% - 44.7%) 30.4% (18.8% - 50%) 

TFH CD4+ T cells 29.7% (3.1% - 41.1%) 9.7% (3 .3% - 40%) 17% (2.4% - 31%) 

TFH CD8+ T cells 27.9% (2.1 % - 40%) 19.5% (2.5% - 44%) 23% (1 .5% - 36%) 

Naive CD4+ T cells 38.8% (18.7% - 45.6%) 40.9% (15.5% - 61 .9%) 32.8% (15.1% - 55.6%) 

Central memory CD4+ T cells 35.2% (23% - 48.5%) 26.6% (17.5% - 36 .7%) 20.2% (11.5% - 33.4%) 

Effector memory CD4+ T cells 20.6% (6.1 % - 51 .5%) 19.5% (3.8% - 53.6%) 33.6% (17.6% - 47.4%) 

Late effector CD4+ T cells 5.7% (3.8% - 11.4%) 8.8% (4.7% - 23.9%) 9.1% (4.1% - 26.3%) 

Naive CD8+ T cells 40.6% (21.7% - 61 .1%) 32.7% (10.7% - 57.6%) 28.7% (12.9% - 44.9%) 

Central memory CD8+ T cells 20.5% (8.4% - 32.2%) 17.7% (7% - ~2 . 8%) 12% (2.8% - 15.8%) 

Effector memory CD8+ T cells 15.9% (2.9% - 38.1%) 28.8% (7.7% - 52.2%) 22.4% (13.2% - 49.7%) 

Late effector CD8+ T cells 20.4% (3 .8% - 37.2%) 19.6% (5.3% - 35.9%) 31 .2% (18.9% - 51 .6%) 

tW)J1tu'll'fl.:J TFH cells ",i.:Jfl1'in'i::lii'ulii'·nJLL'flU~iL<;ju'll'fl.:JL1fflLfI.:Jn "lfUfI NS3 peptides LL~::: Env peptides 'lI'fl.:J• 
serotype 2 "lU'i::S:::~1.:J "J'lI'fl.:Jt'ifll-DL;'flfl'fl'fln "lue6iflLfilbfflLfI.:JnLuflulVis 

Yhn1~(;1rl"r)IilUh./1ru TFH CD4+ T cells Ufl:: TFH CD8+ T cells ~~nm::~l.l~hUU~l.l~L"l.l'llfl-l1')f~'HIil-ln 

serotype 2 'Ilijlil NS3 peptides 41l.l,)'U 61 L~'U Y'llJrJ1 fhlTfiUl1l.l'IJtN TFH CD4+ T cell (CXCR5+/lCOS+/CD4+) 'IJfl-l 

acute phase, convalescent phase LLfl:: follow-up phase ~~ 30.8%, 11 .9% LLfl:: 21 .3% (;11~ihvrlJ LLfl::fl1lTfiU~1l.l'IJfl-l 

TFH CD8+ T cell (CXCR5+/lCOS+/CD8+) 'JI~-l acute phase. convalescent phase LLfl:: follow-up phase ~fl 26.8%. 

22.1 % LLfl:: 28.9% (;1 1 ~~1vrlJ L~tlli1n1~Lmu1JLViulJ1l.lLL(;]fl:: phase Y'llJrJ1uh.nru TFH CD4+ T cell 

(CXCR5+/lCOS+/CD4+) 'llfl-l acute phase ihJhJ1ru~1nnrJ1 convalescent phase flU1-liil1£JthrrC1JVl1-l~a~ (p = 

0.0214) (vJ~ 3) 

.,..I~ '1 .• I':l - .... Go ~........ 
~ lJ'i)J1tu TFH CD4+ T cells LL~::: TFH CD8+ T cells V1enn'i::~Ufl'lSLL'flUflL<;j'U'lI'fl.:J~'l'iflLfI.:Jn serotype 2 

'lIUfI NS3 peptides 

gate CD4 kinetic NS3 TFH gate CDS kinetic NS3 TFH 

100 100 

00 
o 80 ou;e= 0.0214 o 60 o 
~ 40 

~ 
o 20 
~ 

Acute Convalescent Follow-up Acute Convalescent Follow-up 
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LL'Z'l:;Qnm:;~lJ~')tJLLT.llJ~L"llJ'J.IT.l-:j1'lf~L(?I-1n serotype 2 'llil(?l Env peptides 91lJ'llJ 49 L~lJ YiUt)1 rhlTfi£JlllJ'JJtl-:j TFH 

CD4+ T cell (CXCR5+/ICOS+ICD4+) acute phase, convalescent phase LL'Z'l:; follow-up phase ~tl 44.6%, 14.4% 

LL'Z'l:; 24.2% t1I1l-Jihviu LL'Z'l:;rhlTfi£JjllJUI-.1 TFH CD8+ T cell (CXCR5+/ICOS+ICD8+) 'J.IT.l-:j acute phase, convalescent 
~ , 

phase LL'Z'l:; follow-up phase I'ltl 36.1 %, 24.6% LL'Z'l:; 27.9% t1I1l-Jihviu d~tlYilmj'Lm£JuLVi£JullJLLvi'Z'l:; phase YiUt)1 

ml-JICW TFH CD4+ T cell (CXCR5+/ICOS+ICD4+) 'lltl-:j acute phase ilml-JICW"nnnt)1 convalescent phase tltll-:jil 

U£J~lrlCl:JVlI-:j~ii~ (p = 0.0061) LL'Z'l:; acute phase ilml-JICWl-Jlnnt)1 follow-up phase tltll-.1iluu~lrlCl:Jm'li'lii~ (p = 

0.0190) LLrl:;ml-JICW TFH CD8+ T cell (CXCR5+/ICOS+ICD8+) 'lltl'l acute phase ilmmCWl-Jlnnt)1 convalescent 

phase T.ltll-1ilu£J~lrlCl:Jm-:ji'lii~ (p =0.0392) (j'U~ 4)
" 

ru~ 4: tfhncu TFH CD4+ T cells LL~:: TFH CD8+ T cells fltlnni::~'U~'UJLL'il'U61L~'U'lI'iNl'li\'lLlMii serotype 2 ..-- .. . 
'lIU(;l Env peptides 

gate CD4 kinetic ENV TFH gate COB kinetic ENV TFH 
100 

'If 
C 80 oc;; 
o 60 o 
~ 40 
o 
X 
o 20 
~ 

100P=0.0061 

P=0.0190 CD 
C 80 o p =0.0392 c;; 
o 60 o 
i:ii 
~ 40 

~ 
o 20 
~ 

Ol~---r------~--------T---- Ol~---r-------'------~~---
Acute Convalescent Follow-up Acute Convalescent Follow-up 

tfhnru'll'il~ subset T cells ".;·:m1'ini::~'U~'lmL'il'U61L~'U'lI'il~1'li\'lL(;l~ii "lIUUI NS3 peptides LL~:: Env peptides • 
'lI'il~ serotype 21.'Ui::~::j;h~ "1'l1'il~t"iAl'li\;'il(;l'il'iln l.'U~61(;lL:f'ill'li\'lL(;l~ii1:uA'Ul'V1£J 

YiIn1j'[;\j''l''lt)(?Immcu subset T cells 'll'El-:j CD4+ T cells U'Z'l:; CD8+ T cells y(?l£J(?I"llnn1j'LL~(?I-:jtlT.ln'JJT.l-1 CCR7 
" 

LLfl:; CD45RA Y(?ltJLLU-1'ElT.lnLU\,I 4 'llil(?l 1~LLri naive T cells (CCR7+ CD45RA+); central memory (CM) T cells 

(CCR7+ CD45RA); effector memory (EM) T cells (CCR7- CD45RA-) LLrl:; late effector (LE) T cells (CCR7­

CD45RA+) ~Qnm:;~lJ~'lULL'EllJ~L"l\,l'llT.l-.11'lf~L(?I-1n serotype 2 'llil(?l NS3 peptides 91lJ'llJ 61 L~lJ YiUt)1 n~l-JL'1Irl~ 
- I ~~CD4+ T cells l-J1'l1l-JfiUlllJ'llT.l-:j naive T cells 1JT.l-:j acute phase, convalescent phase LLrl:; follow-up phase Fltl 31 .2%, 

40.9% LLf'l:; 32.6% [;\1l-Jfhviu rhlTfi£.ljllJ'llT.l-1 EM T cells ,JT.l-1 acute phase, convalescent phase LLf'l:; follow-up phase 

Rtl 22.8%, 18.5% LLft:; 30.1 % ml-Jihviu fhlTfi£JjllJ'llT.l'l CM T cells 'llT.l-:j acute phase, convalescent phase Ufl:; 

follow-up phase ~tl 36.5%, 29.5% LLf'l:; 21.1 % [;\1l-J~lviu LLf'l:; fhlTfiUjllJ1JtN LE T cells 'llT.l'l acute phase, 

... • v .J.,j. -~ ... 1
convalescent phase LL'Z'l:; follow-up phase I'ltl 6.9%, 9.0% LL'Z'l:; 10.4% ml-JftlV1U (ViIT1-:jVl 7) Ll-Jtlmm1Lu1UULVlUU lJ 

ullif'l:; phase YiUt)lml-Jlru na'lve T cells 'llT.l-1 acute phase ihJhnruutlUnt)1 convalescent phase T.ltll'1iluu~lrlCl:Jm-1 

k'lii~ (p =0.0326) ml-Jlru EM T cells 'lltl-:j acute phase ilml-JlruUtlUnt)1 follow-up phase tltll-:jjjU£J~lrlCl:Jm-:j~n~ (p 

=0.0105) LLft:; convalescent phase ilmmCWUT.l£.lnt)1 follow-up phase tltll-1ilu£.I'ihrl'1!m-:j~ii~ (p =0.0379) ml-JICW 
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p = 

eM T cells "lltl'l acute phase ihrhnru~nnn~1 convalescent phase tltil'lihrtJ~If1ClJYlI..:J~i1~ (p = O.0035) ((~::: 

tfhnru LE T cells "lltl'l((IJi~::phase hhUimlril'lrll,l (nJ~ 5). . ~ 

atlY1 5: ,J'hncu"ll,!).:! subset T cells 'IIUUI CD4+ T cells VI-a.:!m"in~~l,I~'UILL'ilU~h~U"ll'il.:!11f'llLUI.:!n 'IIUUI NS3 

peptides "II'!),:! serotype 2 

gate CD4 kinetice NS3 naive cells gate CD4 kinetic NS3 effector memory cells ' 

0.0336 P=0.0379 

p = 0.0105 

O~---r--------r--------r---- O~--~------~r-----~~----
Acute Convalescent Follow-up Acute Convalescent Follow-up 
phase phase phase phase phase phase 

gate CD4 kinetic NS3 central memory cells gate CD4 kinetic NS3 late effector cells 

8080 p = 0.0035 

O~---r--------r--------r----
Acute Convalescent Follow-up 

phase phase phase 


Acute Convalescent Follow-up 
phase phase phase 

.... I .... • dI

cell ~rn~fitJlll,1'lltl'l naive T cells 'll'tl'l acute phase, convalescent phase (l~::: follow-up phase f'ltl 33.7%, 33.5% 

0.... I.... 4 

U~:: 26.4% ~1l-JmiflU rnl-JfitJjll,1'll'tl'l EM T cells 'll'tl'l acute phase, convalescent phase Ufl::: follow-up phase f'lfl 

13.9%, 25% ((~::: 21 .5% ml-J~I(;)U rhlTfitJtill,1'llfl'l CM T cells 'llfl'l acute phase, convalescent phase ((fl::: follow-up... 
phase ~tl 22.6%, 16% ((~:: 10.3% ~1l-J~I(;)U L(rl::: rhlTfitllll,1'!J{)'l LE T cells '!J{)'l acute phase, convalescent phase 

, 
LL~:: follow-up phase ~{) 20.2%, 23.6% u.~:: '30.1 % ~1l-J~I(;)U (~ln'lYi 7) 
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4 ... ~ .Q, .... '" '" oQ.Vl1i'l.:l'VI 7: 1JHI1~"lI'U.:I subset T cells 'lI'UVi CD4+ T cells LL~:: CD8+ T cells 'VIll.:ln1ln'i:::VI'UVI'UILL'U'UVlL"l'U"lI'U.:J. 
11r~LUI.:In "i!U6I NS3 peptides LLll:: Env peptides "lI'U.:I serotype 2 

Median (range) 


Acute Phase Convalescent Phase Follow-up Phase 


NS3 activated CD4+ T cells 

- na'ive cells 31 .2%(20.1%-50%) 40.9% (177% - 67.4%) 32.6% (9% - 42.8%) 

- Central memory cells 36.5% (28.6% - 45.4%) 29.5% (15.4% - 43.2%) 21 .1% (15.1% -72.2%) 

- Effector memory cells 22.8% (2.8% - 40.1 %) 18.5% (3.4% - 42.9%) 30.1 % (1 .6% - 468%) 

- Late effector 6.9% (1.7% - 15.4%) 9.0% (2 .7% - 24.7%) 10.4% (0.5% - 24%) 

Env activated CD4+ T cells 

- na"ive cells 23.8% (18.5% - 51 .2%) 33.1% (18.9% - 56.1%) 31.1% (11.1% - 49.8%) 

- Central memory cells 51.3% (34.2% - 67%) 36.5% (25.1% - 47.5%) 23.8% (20.4% - 49.4%) 

- Effector memory cells 15.2% (2.5% - 27.6%) 17.6% (3% - 32.9%) 25.2% (17.6% - 61.4%) 

- Late effector 4.5% (1.8% - 11.4%) 9 .8% (2.7% - 24.2%) 10.4% (3.8% - 25%) 

NS3 activated CD8+ T cells 

- na"ive cells 33 .7% (19% - 66.1%) 33.5% (16.6% - 59.5%) 26.4% (5.4% - 43.9%) 

- Central memory cells 22.6% (8.4% - 36.1 %) 16% ( 7.4% - 28.7%) 10.3% (5% - 74.3%) 

- Effector memory cells 13.9% (2.8% - 34.1 %) 25% (7% - 40.3%) 21.5% (5.9% -77.6%) 

- Late effector 20.2% (3.9% - 37.4%) 23.6% (5.2% - 38.2%) 30.1 % (1.3% - 538%) 

Env activated CD8+ T cells 

- na'ive cells 26.7% (17.2% - 58.1%) 30.5% (18.4% - 50.9%) 25.1% (14% - 43.2% 

- Central memory cells 37.3% (14% - 57%) 22.7% (11.2% - 36.5%) 15.4% (6.5% - 27.2%) 

- Effector memory cells 11.5% (2 .1% - 37.1%) 23.3% (6.6% - 34.9%) 20.1% (12.5% - 50.2%) 

- Late effector 16.4% (3 .3% - 34.9%) 22.9% (6% - 43.7%) 30.7% (9.3% - 50.2%) 

L~tlvi1n1mJhl1JLYit.l1J1WLLl1ift:; phase Yi1J~It1hnC1.J na"ive cells 'IJ'tl'l acute phase ihlhnrul--nnn~1 follow-up phase 

tlril'1iJ,rt.l~I~~Y11'1~Ci~ (p =0.0407) tlhnC1.J EM T cells 'IJtl'l acute phase iJilil-Jlru\h)tJn~1 follow-up phase tlril'1iJ 

,rt.l~II'i'~Y11'1i'lCi~ (p =0.0105) LLft:; convalescent phase iJili~nruUtlt.lnt)1 follow-up phase fJril'1iJ,rt.l~II'i'~Y11'1i'ln~ 

(p =0.0287) ilil-Jlru CM T cells 'IJtl'l acute phase iJilil-J1C1.Jl-Jlnnrh convalescent phase LLft:; follow-up phase tlril'1 

il,rm'hl'i''1!Y11'1f'\n~ (p =0.0495, P =0.0030 rlll-J~lrl1J) LLft:; convalescent phase iJilil-Jlrul-Jlnn~1 follow-up phase 

tlril'1il,rt.l~II'i'~Y11'1~Ci~ (p = 0.0198) LL~:;ml-J1C1.J LE T cells 'lItl'lLLI1i~:;phase hiLLrlnl1il'1nw (ltl~ 6) 
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peptides "lI'a-3 serotype 2 

gate COS kinetice NS3 naive cells 

80 p = 0.0407 

+ 
~60 
10 
"<t 
C 
240 
tn: 
8 20 
~ o 

O~--~-------,--------,----
Acute Convalescent Follow-up 
phase phase phase 

gate COB kinetic NS3 central memory cells 

80 p =0.0495 

P =0.0030 

p =0.0198 

O~--.--------,--------~---
Acute Convalescent Follow-up 
phase phase phase 

gate COB kinetic NS3 effector memory cells 

80 

~60 
II)..,. 
C 
~4O 
&: o 
o 20 
~ o 

O~--~-------,--------,----
Acute Convalescent Follow-up 
phase phase phase 

gate COB kinetic NS3 late effector cells 

80 

+
;2 60 

~ 
C 
240 
,.:. 
0::: 

8 20 
~ o 

O~--~-------,------~~---
Acute Convalescent Follow-up 
phase phase phase 

~. ~ ~ 

cell ~1'l1~fitJj1'U'll'il'l naive T cells 'll'il'l acute phase, convalescent phase llrl:; follow-up phase ~fl 23.8%, 33.1 % 

llrl:; 31 .1 % (il1~ih~u rh~fitJj1'U'll'il-l EM T cells 'll'il'l acute phase, convalescent phase llrl:; follow-up phase flfl 

15.2%, 17.6% ll~:; 25.2% m~~1~u rh,rfitJ~1'U'll'il'l eM T cells 'll'il'l acute phase, convalescent phase LLrl:; follow­... 
..o::!I Q ..... I CI,.o' 

up phase ~fl 51 .3%, 36.5% llrl:; 23.8% (il1~rl1VlU ll'i'l:; fl1~fitJj1'U'Il'il'l LE T cells 'Ilfl-l acute phase, convalescent 

phase ll~:; follow-up phase ~fl 4.5%, 9.8% ll~:; 10.4% m~ft1~U ((il1~1'1~ 7) l;lmi1n1mntJUlVitJUL'Ullvlrl:; phase 

YiUtJ1m~1ru naIve T celis 'Il'il'l acute phase ~tfhnruufltJn11 convalescent phase flti1'1~\l'tJ~1flt1Jvn~AO~ (p = 

0.0114) llrl:; convalescent phase ~tfhnru~1nn11 follow-up phase flti1'1il\l'tJ~1rlryYmAn~ (p = 0.0464) ill~1ru 

EM T cells 'llfl-l acute phase ihJhnruufltJntJ1 follow-up phase flti1-lil\l'tI~1flryY11'1An~ (p = 0.0040) llrl:; 

convalescent phase iltfhnruufltlntJ1 follow-up phase 'ilEh'l~\l'tI~1rlClJY11'1An~ (p =0.0087) m~1ru eM T celis 'llfl~ 

acute phase ilm~1nu.nnntJ1 convalescent phase LLrl:; follow-up phase flti1'1ilUtl~1flCYY11-l~i1~ (p = 0.0096 Uft:: 

p= 0.0003 1JI1~i'i1~U) LLrl:; convalescent phase ilm~1ru~1nn11 follow-up phase flti1'1~\l'm~1rlCYY11'1An~ (p = 

0.0014) LLrl:;illmru LE T cells 'Il'il-l acute phase iiill~1ruufltlntJ1 convalescent phase LLrl:; follow-up phase flti1'1~ 

\l'tJ~1rlryY11'1An~ (p = 0.0254 LLft:: p= 0.0164 (il1~~1~U) (tD~ 7) 
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~l.1~ 7: m~nru'll'iH subset T cells 'ilUIfl CD4+ T cells ~-a-3n1~nr.::~'U6i"nm'il'U6iL~'U'lJ'il-31'l~'aL"'-3n 'ilU", Env 

peptides 'lJ'il..'l serotype 2 

gate CD4 kinetice Env naive cells gate CD4 kinetic Env effector memory cells 

p = 0.0114 p = 0.0087 

p = 0.0464 p =0.0040 ·· 

Acute Convalescent Follow-up 
phase phase phase 

gate CD4 kinetic Env central memory cells 

O~--~--------T--------T----
Acute Convalescent Follow-up 
phase phase phase 

gate CD4 kinetic Env late effector cells 

p =0.0254p =0.0096 
80 

p = 0.0014 

O~--~------~--------~---
Acute Convalescent Follow-up 
phase phase phase 

P =0.0164 

Acute Convalescent Follow-up 
phase phase phase 

Q I .... dE 

cell ~rm.Jfitlj1'W'lJ!l'l naive T cells 'lJ!l'l acute phase, convalescent phase LL~:; follow-up phase fI'fl 26.7%, 30.5% 

LL~:; 25.1 % 1'11l.Jt'hC;)u rhlTfitlj1'W'lJ'1l'l Effector memory T cells 'lJ'fl'l acute phase, convalescent phase LL~::: follow-up 

phase ~t) 11.5%, 23.3% LL~::: 20.1% vn~ihc;)u f'hlTfiUj1'W'lJ'1l'l central memory T cells 'lltl'l acute phase, 

convalescent phase LL~:; follow-up phase ~t) 37.3%, 22.7% LLrl:; 15.4% 1'11l.J'chC;)u LL~::: f'hlTfiElj1'W'lIfN LE T cells 

... • ~ J.J 
'IItl'l acute phase, convalescent phase LL~:; follow-up phase fit) 16.4%, 22.9% LL~:; 30.7% Ul1l.Jf'l1IflU (I'I11'N'Yl 7) Ll.J!l 

vi1m1LmtluLViEJul'WLLv1~:; phase ~utJ1ml.Jlru na"ive T cells LL~:; EM T cells 'lJ'fl'ILLv1f'l::: phase h.Jiifl'l1l.JLLlilnv11-lnlJ 

ml.J1ru eM T cells 'lItl'l acute phase ljm)..J1ru~1nntJ1 convalescent phase LLf'l::: follow-up phase tlEl1'1;:Jumhl'i'll'Yl1'1 

i'ln~ (p = 0.0136 LLft:: p ::: 0.0028 mmhpj1J) LL~:;m~1ru LE T cells 'lJfl'l acute phase ;:Jml.J1ruUtlEJntJ1 

convalescent phase tlEl1'1;:JUEJ~11'i'll'Yl1'1i'ln~ (p = 0.0059) LL~:; convalescent phase iiill'l.J1NUtlEJntJ1 follow-up 

phase tlEl1'1;:Jumhl'i'll'Yl1'1i'ln~ (p =0.0013) (tU~ 8) 
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lt1~ 8: tfhnru'IJiI.:I subset T cells 'lIU~ CD8+ T cells ",i.:ln1in~~'l.uil·umilUoh<ilu'ilil.:ll'l~~L~.:In 'llUfl Env 

peptides 'ilil.:l serotype 2 

gate CDS kinetice Env naive cells 

80 

o~--~------~--------~---
Acute Convalescent Follow-up 
phase phase phase 

gate CDS kinetic Env central memory cells 

80 p = 0.0136 

P= 0.0028 

~60 
~ o 
240 
+ 
0:: 
o 
o 20 
:::I!a 

o~--~------~--------~---
Acute Convalescent Follow-up 
phase phase phase 

gate CDS kinetic Env effector memory cells 

80 

~60 
~ 
240 
t!­o:: 
o o 20 
:::I!a 

Ol~--~----------------~---
Acute Convalescent Follow-up 
phase phase phase 

gate CDS kinetic Env late effector cells 

80 p =0.0013 

p = 0.0059 + 
~60 
~ 
o 
~4O 
t!­o:: 
g 20 
:::I!a 

o~--~------~--------~---
Acute Convalescent Follow-up 
phase phase phase 

_I':!; ~ \' 'I .. <1 4..0 . ... ., ., ... ., &.0 ..... 

lJ'ilJ1tUL'lIL(;JLflu'Vma.:l<il1n TFH cells \1~.:Imin~~U(;J'ltILLilU~L"IU'ilil.:lL'li~L(;J~n'l!U(;J NS3 peptides LLa:; Env 

peptides 'ilil.:l serotype 21.\l~tI::;~1.:1 ''il'f).:IL'ifll.u\~i1(;J'f)i1n l.ug~~L=t'f)l'l~~L(;J.:IiiL\lflul'VIti 

viln1~[;J1'l"lt)~tIhnru1'llL[;J1rnr'Jlil~ IFN-y, IL-17A ll~~ IL-21 ~'.Ii-1"lln TFH 'llil~ CD4+ T cells ll~~ CD8+ T 

cells ~~nn~~~'U~hmL'tl'wUiL"l'U'IJ!l-11'l~~lv\'1n serotype 2 'llil~ NS3 peptides 41'U'l'U 61 l~lJ YlUrll ilrhJ1fitlj1'U'lltl'l1'llL[;J 

lrnr'l!il~ IFN-y ~~t1~ acute phase, convalescent phase ll~~ follow-up phase 'IJfl'ln~lJl'l!~~ TFH 'llil~ CD4+ T cell ~fl 

1.1 %, 0.6% ll~~ 1.2% [;J1~Hhvi'u lL~~n*wn~~ TFH 'I!il~ CD8+ T cell j;ifl 2·.2%, 0.5% llft~ 1.1 % (;11lJ~hvi'1J rhJ1fitljl'U 

'lltl.:ll'1!L[;Jll'1u'Il\j~ IL -17 A ~~t1~ acute phase. convalescent phase ll~~ follow-up phase 'lltl'ln~lJl"ll~~ TFH "IIU~ CD4+ 

T cell ~tl 0%, 0% ll~::; 0.1% [;J1l-Jii1vi'u ll~::;n~l-Jl"ll~~TFH "IIU~ CD8+ T cell ~tl 0% i'l3 ~::;t1::; ll~::;1'i1J1fitl31lJ'lltl'l1'llL(;1 

1I'1U'llU(;) IL-21 ~::;u~ acute phase, convalescent phase ll~::; follow-up phase 'lJtl'ln~l-Jl"lli'l~ TFH 'llU'" CD4+ T cell ~tl 
..... , .. _.dI ... .tI. 

0.1 %, 0% ll~::; 0.2% [;J1l-J~1~U llft::;n~l-Jl"ll~~ TFH 'll'U~ CD8+ T cell I'Itl 0.1 %, 0% U~::; 0% [;J1lJft1~U U·JtlYl1n11 

lmtlulV1EJul'Ull~ft~ phase 'IJ!l'ln~l-J TFH 'IlU~ CD4+ T cells YlU11ml-J1rul"11t[;JlI'1U'I!U~ IFN-y 'iltl'l convalescent phase 

ilml-J1ruufltlnrh follow-up phase flth-1ilumhrlqjY11'1~n~ (p =0.0368) ~')'Ut1h.nrul"11L[;Jll'1lr'll\jtil IL-17A llft::; IL-21 il 

lllJ'lLiJl-Jl~l-J;flJ ll~hjilrl'l1l-Jll[;Jnuil'1rilJtlEi1-1ilutl~1rlC\JY11'1~n~ <ltJ~ 9) l'Un~l-J TFH 'llU~ CD8+ T cells Ylu~1mmrul'l1 

L[;Jll'1tJ'lIutiI IFN-y 'lltl'l acute phase ililll-J1Wmnn11 follow-up phase tlEi1'1ilutl~1rl~Y11'1~n~ (p = 0.0360) t'l'llJ 

illl-J1rub1[;JlI'1U'l!U~ IL-17A ltft::; IL-21 illl'U'ltiJl-J~~~-1 LLvihJilf1')1l-JlLl1lnui1-1rilJ!lEi1'1;:jUtl~1rl~Yl1'l~n~ (!1l~ 9) 
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.1'" .~ 'I 'i' 'I ... '" 4.-.. .... II II ..
'iu'VI 9: u'i~1tu L'lILWI LFI'U'VIVI~.:J'"I1n TFH cells 'lI'UWI CD4+ T cells LL~:: CD8+ T cells VI~.:Jn1'in'i::WI'UWI'U.lLL'a'UWlL'"I'U .,--- ­ . 
'lI'il.:Wl~l'IL~.:Jn 'ilij~ NS3 peptides 'lI'il.:J serotype 2 

Acute 
phase 

:::! l---J~~~~~~~;;~~--~ o.oL---"';I==2~=:!~~~~~-- ~ 0.0 
Acute Convalescent Follow-up Acute Convalescent Follow-up 
phase phase phase phase phase phase 

L~tlm~~u~')mLtlU~L~U'lJtl-.31')fflL~-.3n serotype 2 'lIil~ Env peptides ~1'U,)U 49 Lfiu YHJ11 ii~1~fiUl1U~.ltl'l1'.D 

L~1pllr'llilln IFN-y 1:;U:; acute phase, convalescent phase LLfl:; follow-up phase '.ltl-.3n~~L-nfl~ TFH '.Dilln CD4+ T cell 

.cI 0 ..... I ... _.dI Q ... 

Pltl 26.8%, 10.7% LLf'l:; 10.6% m~f'l1~lJ LLf'l:;n~~L'.Df'lf'l TFH 'llUIn CD8+ T cell Pltl 16.5%, 7.7% LLf'l~ 9.4% ~1~f'l1~lJ 

~1~fiUj1U'lJtl'l1-nL~1Pllr'llilln IL-17A 1:;U:; acute phase, convalescent phase LLfl:; follow-up phase 'lJtl-.3n~lJL'.Df'l~ TFH 
_ d 0 .... I .. _ .......0- __ 


'lIU~ CD4+ T cell Pltl 0.1 %, 0% LLf'l:; 0% mlJf'l1lnlJ LLf'l:;n~lJL'llf'lf'l TFH 'lIUIn CD8+ T cell Pltl 0% 'Vl-.3 3 1:;U:; LLfl:;Pl1~fiti 

l1U'lJtl-.31'.DL~1f1W'llilln IL-21 1:;U:; acute phase, convalescent phase LLf'l:; follow-up phase 'lJtl'ln~lJL-nf'l~ TFH 'ililln 

.diI 0 .... I".o:::t. .cr
CD4+ T cell fltl 0.1 %, 0.2% LLf'l:; 0.2% !7l1lJf'l1~lJ LLf'l:;n~lJL'llf'lf'l TFH 'llUIn CD8+ T cell Pltl 0.3%, 0.2% LLrl:; 0.1 % 
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[1l1l-J~1vlU L~tlvi1mmJ1£JULVi£JulWLL(;]rl~ phase 'lItl-ln~l-J TFH 'l!WV1 CD4+ T cells YiU~1ml-J1nJL-ntf;JLrlU'IlWV1 IFN-y 'lItl-l 

acute phase i'lml-J1nJl-J1nnrJl convalescent phase LLrl~ follow-up phase mh-li'lW£J~lriC1JYl1-l~Ci~ (p = 0.0212 Uri:: p 

= 0.0110 VlI3J~Ic;ilJ) i'l'lUml-J1CWL-ntf;JLrlU'IlWV1 IL-17A i'lLLU'ltill-JflV1rl..:l LLfl:; IL-21 i'lLLU'ltill-JL~l-J,ru LL(;]hii'lrl'l1l-JLLl11n(;]1-l 

mh-li'lW£J~1riC1JYl1-l~Ci~ (lU~ 10) lun~l-J TFH -nWI') CD8+ T cells Yiuml-J1CUrhL'lItf;JLrlU'IlWVl IFN-y 'lItl-l acute phase i'l 

mmrul-J1nnrJ1 convalescent phase LLrl~ follow-up phase tlEi1-li'lW£J~1riC1JYll-lf'lCi~ (p = 0.0162 Uri:: p = 0.0188 

1111l-JftlvlU) i'l'lUml-J1CUL'lItf;JLmr-nWVl IL-17 A LL~:; IL -21 i'lLLU'lHll-JflV1fl-l LL(;]hj)jmll-JLLl11n(lj1-lnutlEh-li'lw£J~1riryYl1-lf'lCi~ 
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m~1ru\'lILj;')\fnJ~~tt-llt;nn subset T cells 'lI'fl-ll TFH ~.a-lln1'in'i::~'UIPl'um'fl'U~h"'l'U'lI'fl-ll\'J~\'fLj;')-IIn 'lIUj;') NS3• 
peptides LL'll:: Env peptides 'lI'fl-ll serotype 21'U'i::1!J::~1-11 'J'lI'fl-llL'ifl\iLii'flj;')'fl'fln l'U~~j;')L~'il\'J~\'fLj;')-IIm'Ufl'U\VlI!J 

vi1m'1lJ1'1':l"l1l1luhnru1'llLlJ11rnJ'llill1l IFN-y, IL-17A LL~::: IL-21 ~""~\lr.nn subset T cells 'll'fl\l TFH 'lIill1l CD4+ T 

cells LL~::: CD8+ T cells ~~nn'1:::~'U~bmL'fl'W~L"l'W'll'fl\l1':lf~Ll1l\ln serotype 2 'lIill1l NS3 peptides 41'W':l'W 61 L~'W LL~::: Env 

peptides 41'W':l'W 49 L~'U 

.Q. 	 ~ " t.I
Na'ive T cells "l1'il-ll TFH 'iI'Uj;') CD4+ T cells LL'll:: CD8+ T cells YI~nn'i::IiJ'Uj;')'J1!J NS3 peptides 

Na'ive T 	cells 'll'fl\l TFH 'llill1l CD4+ T cells ~rh,rfitl3'1'W'll'fl\l1'llL(;l1r1tJ'lIill1l IFN-y '1:::t1::: acute phase, 

dI 0 .... 	 ""'" 

convalescent phase LL~::: follow-up phase 1'1'fl 0.5%, 0.2% LL~::: 0.8% lJ11)J~1l1lU LL~::: Na'lve T cells 'Il'fl\l TFH 'D'Wl1l 

CD8+ T cells ~rh,rfitl31'W'll'fl\l1'llLlJ111'1ll"llill1l IFN-y '1:::tI::: acute phase, convalescent phase LL~::: follow-up phase ~'fl 

0.4%, 0.5% LL~::: 0.5% (;l1)Jih~u L~'fl~1m'1LmtiULVitlu1'WLLui~::: phase 'Vluri1m)J1ru1'DLlJ11I'1lJ'llill1l IFN-y, IL-17A LL~::: 

IL-211'WLLui~::: phase ~m)J1ruhiLL(;lnui1\1n'Wmh\l~lXmhirqJVl1\1~(\~ ~u~ 11) 
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IL21 secreting from naive NS3 TFH IL21 screting from naive NS3 TFH CDB 
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NaIve T cells 'iI'tl..:! TFH "lIU(;l CD4+ T cells LL~:: CD8+ T cells ~'lnn'i::tlutl'ul Env peptides 
OJ • 

Na'lve T cells 'lI'fl'l TFH "llill'l CD4+ T cells ~f'i1~fitl31'W'1I'fl'l1'l1Lj;]LrnJ'lIill'l IFN-y ~::t1:: acute phase, 

convalescent phase Uft:: follow-up phase fi'fl 10.6%, 3.2% LLft:: 4.5% j;]1).Jfh~u LLft:: Na'lve T cells ,J'fl'l TFH 'lIill'l 

CD8+ T cells ~f'i1~fitl31'W'I'fl'l1'l1Lj;]lrnJ"llill'l IFN-y ~::t1:: acute phase, convalescent phase LL'i'l:: follow-up phase fi'fl 

7.0%, 4.1 % LL'i'l:: 4.3% 1'l1).J~1~U L;j'fl~1n1m..ntlULYitlul'WLL(;j'i'l:: phase ~UrJ1 na"ive T cells 'lI'fl'l TFH "llill'l CD4+ T 

..J " " .... _ '"" 1 'i' ~ .. ~ 	 ,cells LL'i'l:: CD8+ T cells YlQnm::(1j'Wl'l'ltl Env ).Ju~mru eJhI'l LFI'W"ll'W1'l IFN-y 'lI'fl'l acute phase mnnrn convalescent 

phase 'flEl1'l~Utl~1ri~Yl1'l~(1~ (p = 0.0398 LLrl:: p = 0.0330 InI3Jii1v11J) L'lILI'lLrnJ'lIill'l IL-17A LL'i'l:: IL-21 1'WLLI1I'i'l:: 

phase ~mmruhJLLl'lnI1l1'ln'W'flrJ1'liJUtl~1riC1JYl1'l~(1~ (ltJ~ 12) 
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"if!. Acute Convalescent Follow-up
phase phase phase 
phase phase phase 

.. 	 .ol ...... 
Central memory (CM) T cells 'lI'f1.:J TFH 'lltJUI CD4+ T cells LL~:: CD8+ T cells 'VIC\nn~UltJUl1e NS3.. . 

peptides 

Central memory (CM) T cells 'lI'fl-l TFH 'lIil~ CD4+ T cells iJf'h,rfiuj"1h1'l1fNl'l1t1111r111'l1il~ IFN-y '1:::U::: acute 

phase, convalescent phase LLr1::: follow-up phase ~'fl 4.3%, 2.2% LLr1::: 4.2% V11l-Jih~u LLr1::: CM T cells 'lItl-l TFH 'lIil~ 

CD8+ T cells iJrh,rfiuJlh1'l1'fl-ll'l1t1111rnr'llil~ IFN-y '1:::U::: acute phase, convalescent phase LLr1::: follow-up phase ~'fl 

6.7%,4.0% LLr1::: 10.6% 1111l.J~1~U Ldm11n1'1LmUULYlUULhlLLl1lr1::: phase Yiuiltfhnrul'llt1111rnr'llil~ IFN-y LLr1::: IL-17A 

LhlLLl1lr1::: phase hJLLl11n11l1-lnhl'fl!h-liJwmh'1Cl!V11'l~n~ tltll'll'i'nl111l.J YiUil CM T cells 'lItl'l TFH 'lIil~ CD4+ T cells ~Qn 

n'l:::~tJ~(m NS3 iJtfhnrul'llt1111f'nl'l1ilUi IL-21 'llyN acute phase l-nnnrh convalescent phase tlih'liJwuihrlCYV11'l~n~ 

(p ::= 0.0484) LLiJil CM T cells 'lI'fl'l TFH cells 'lIil~ CD8+ T cells ~Qnm':::~hI~'lU NS3 iJ1fil-Jlrul'l1t1111FlU'lIilUi IL-211h1 

LLl1lf'l::: phase hJLLl11n11l1'lntJtltll'liJWU~lrlCl!V11-l~n~ (ttl~ 13) 
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~Uv113: tf'hl1ru'l'llLj;Jlf1iiv1'V1k.:J~1n central memory T cells 'll'fl.:J TFH cells 'ilUj;J CD4+ T cells LL'a:: CD8+ T cells 

'VIi.:Jn1'in'i::~'U~'Um'fl'U~L~'U'll'fl.:J'l1~~Lj;l.:Jn 'ilUIfI NS3 peptides 

IFN-g secreting from CM NS3 TFH IFN-g secreting from CM NS3 TFH COB 
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Central memory (CM) T cells 'lItl'l TFH 'IIU", CD4+ T cells iJ~h,rfitJll\.1'l1tl'l1'll~11l1~llr'l!U~ IFN-y T:;U:; acute 

phase, convalescent phase LL~:; follow-up phase ~tl 45.4%, 30.5% LLi'I:; 33.6% ml-.l~1c;)U LL~:; CM T cells 'lItl'l TFH 

'IIU~ CD8+ T cells iJfi1,rfiUl1\.1'l1tl-l1'll~(;]1I'lU'llU~ IFN-y T:;tJ:; acute phase, convalescent phase u.~:; follow-up phase 
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Acute Convalescent 

cells ~Qnnr:;~'W'1htJ Env iJillJ.Jlrul'l!L(1]1rllr'lfD!?1IFN-y, IL-17A U~:; IL-211l.JLLvi~:; phase hjLLVlnvil-3ntltlUl~;:hrtJ~lrl'1! 

Yl1-l~(1~ U~:; CM T cells 'lJtl~ TFH 'lfU!?1 CD8+ T cells ~(1nnr:;~'W~,)tJ Env YlUil nillJ.Jlrul'l!LVllrllr'!lD~ IFN-y 'lltl-l 
~ . 

acute phase J.Jlnnil convalescent phase m'l:; convalescent phase nilll-nrul'l!LVllfllr'!lU!?1 IFN-y UtltJnil follow-up 

phase tlUl~nl1tJ~lrl'1!Yl1-lfq(1~ (p = 0.0201 LLfl::: p =0.0474 (;/1:'Jfh~1J) lLf'l:;illJ.Jlrul'l!LVllrllr'!lil!?1 IL-17A LL~:; IL-21 

'lJtl~uvif'l:; phase hjLL[iJnvil~n'WtlUI-3nl1£J~lrl'1!Yll~f'l(1~ (ltl~ 14) 
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Acute Convalescent 

.. .do ., ... 
Effector memory (EM) T cells "lI,£!~ TFH 'lIUUI CD4+ T cells ~L'a::: CD8+ T cells 'Vltmn~~'UUl1!1 NS3

" . 
peptides 

Effector memory (EM) T cells 'lltl'l TFH 'llnVl CD4+ T cells lJrhlTfiEJJ1U'lltl'l1'll1U11FllJ'lInVl IFN-y ~::;EJ::; acute 

phase. convalescent phase LVi'l:::follow-up phase ~tl 0.1 %. 0% LL~::: 0.1 % m1.J~1vlU U~::; EM T cells 'lltl'l TFH '!lnVl 

CD8+ T cells ~rhlTfiuJ1W'lltl'l1'll1l'11F1lJ'lInVl IFN-y ~::;EJ::: acute phase, convalescent phase LL~::: follow-up phase fitl 

0.2%, 0.1 % LLrl::: 0 .1 % l'111.J~1vlU Lnmhn1TLmUULYlEJULWLLl'lrl::; phase Viurl1m1.J1rul'1111f11FllJ'lIUVl IFN-y, IL-17A Url::: 

IL-21LWLLui~::; phase lJm1.J1ruhhLl'1nl'l1'1nWtlEl1'1i1ll'EJ~1~ClJYI1'li'l()Ul <ltl~ 15) 
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... 	 ......Effector memory (EM) T cells 'lJ'tI.:l TFH "iI'U(;l CD4+ T cells LL~:; CD8+ T cells 'VItlnn~(1J'Um!l Env 
OJ • 

peptides 

Effector memory (EM) T cells 'lJtl'l TFH 'lli!(;l CD4+ T cells iJrhlTflul1U'lJtl'lL-nL!ilLf'l11'lli!(;l IFN-y r::u~ acute 

phase, convalescent phase LL~:: follow-up phase ~tl 1.2%, 0 .2% LL~:; 0.2% !il1l.J~1fflU LL~:; EM T cells 'lJtl'l TFH 'lli!(;l 

CD8+ T cells iJrhlTflU.l1U'lJtl'lL-nLUlLf'l11'lli!(;l IFN-y r:;u:; acute phase, convalescent phase LLft:; follow-up phase ~tl 

0.7%, 0.1 % LL~:; 0.2% Ul1l-J~1fflU L~m:hn1m..A-uULViiJu1ULLvif'l:; phase '(jUri1 EM T cells 'lJtl'l TFH 'lli!(;l CD4+ T cells ~ 

Qnm:;~'Ulihu Env ih.frl.J1ruL'lILUlLf'l11'l!i!(;l IFN-y 'lltl'l acute phase mnn~1 convalescent phase LL~:; follow-up phase 

tlEi1'1ihrmh·lt1Jyl1'l~Ci~ (p = 0.0238 LLr/:: p = 0.0496 l11'Jufi'JPlIJ) ml.J1ruL'llLUlLf'l11'l!U(;l IL-17A 'lltl'l acute phase iJ 

LLl.!'lLiJl.Jl.J1nnri1 convalescent phase LLrI:; follow-up phase LLrI:; ml.J1ruL-nLUlLf'l11'llil(;l IL-21 'lJtl'l acute phase iJ 

'" '" I ..J' ... ... oIIIIIio

U'U'lLUl.J'UtlUm1 convalescent phase LLrI:; follow-up phase 'Utlnr.nnu Ll-Jtlm:;lIjU EM T cells 'lJtl'l TFH 'Il'U(;l CD8+ T 

cells ~CJnm:;~u~i'lu Env '(jUri1 iJml.J1ruL-nL!ilLI'111'l!U(;l IFN-y 'lJtl'l acute phase mnnrJ1 convalescent phase LLf'i:: 

follow-up phase flEi1'1iJ,rmh;rt1Jyl1'l~Ci~ (p = 0.0204 Uft:: p = 0.0257 l11'JU~'JP)lJ) LLf'l:;ml-J1ruL'J!LUlLf'l11'1lU(;l IL-17A 
,

"" L" , 	 .1""LLrI:; IL-21 'lJtl'l acute phase l-JLLU'l Ul-Jl.J1nm1 convalescent phase LL~:; follow-up phase CllJYl 16) 
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P =0.04962

(/) 5 o
g4
I() 

0::: 
~ 3 
o
:l: 2 
w 
~1 
Z 
~ OI1---J;~==~~~~~i---­
o 	 Acute Convalescent Follow-up 

phase phase phase 

IL·17 A secreting from EM Env TFH .... 
C 4 o 
Us 
o o 3 

~ 
~2 
~ 
W 1 
~ 
~OI~~~~S;~~~­
~ 	 Acute Convalescent Follow-up 

phase phase phase 

IFN-g secreting from EM Env TFH COB 

p =0.0204 

P =0.0257 

Acute Convalescent Follow-up 
phase phase phase 

IL·17 A secreting from EM Env TFH COB 
co 
c 4 o 
Us 
o 
Q 3 
in 
0::: 

~2 
o 
:l: 
w 1 
~ .... 
do1--J~~~~=-~~~-­
~ 	 Acute Convalescent Follow-up 

phase phase phase 

28 



2 

Acute Convalescent 

Late effector (LE) T cells 'lI'il~ TFH ~UUI CD4+ T cells m~:: CD8+ T cells \'I\]nnT.:f;JuUI'UJ NS3 peptides 

Late effector (LE) T cells ~fl-l TFH 'l!il~ CD4+ T cells LL~:; CD8+ T cells ~CJnm'::~w~')EJ NS3 Ylu~1iitlhnru 

l'i!1Vllmr'llil~ IFN-y Ufl:: IL-17A lwLL~fl:; phase hjLLlI1n~1-lnw{)fi1-liiU£J~1f'i'qjYl1-l~ii~ (ltl~ 17) 
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.odiI 	 0 ..... _ 

phase, convalescent phase ll~:-; follow-up phase Plt:l 0.3%, 0.2% lli<l:-; 0.1 % 1Jl1l-J~1~U ll~:-; LE T cells 'lJfl-l TFH 'l!lJ~ 

CD8+ T cells i1"h,rD£J;FU'IJt:l-ll'llt(;Jl"llr'l!il~ IFN-y ~:-;EJ:-; acute phase, convalescent phase ll~:-; follow-up phase ~fl 

0%, 0.1 % ll~:-; 0.1 % 1Jl1l-J~1u1U l;j'fli-11n1Tlm£JUlYi£Ju1lJll(;j~:-; phase Y'lU~1 ih.fil-J1ru1'llt(;Jlf'1t1'1!il~ IFN-y lli<l:-; IL-17 A 

1lJLL(;ji'l:-; phase h1LLUln(;j1-lnlJmh~iJ\J£J~1f1q!l'n~~()~ (lU~ 18) 
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~~U1L:(~bf~LUI\lflr.'hw')w 48 11fJ YlUili1n11~U1L:(tl serotype 2 (DENV2) l-nni'iUlAtl 't~fJft:; 38 (18/48) 1~\lft\llJl 

R~ serotype 1 (DENV1) 5-tlfJft:; 35 (17/48) ~\I serotype 2 L1JW serotype ~n111:;U1U1lJln~i'iUllwFlW1VlfJ ~i)4'tll~ 

liln11~m~nl'lru~lJu1i'lJtl\lL"lIft; TFH lWL~tlUl~1J,)fJ tUlfJyf'lhJn11m,)~Vll TFH ~nliln11~nlf11w lymph node LLft:; tonsil 

LL~~lnn11VlUl~tlUFI¥\lifl~liln11~mnlwL~~U1 ~\lj:hrn1ffJVI',nfJn~lJl~liln11~mnLLft:;~llJl1CW11'l~YlU TFH l~lWLfttlUl 
(6.23) 

(Acute 

phase, Convalescent phase LLf'l:; Follow-up phase) 4,W')W 10 11fJ 1~,j,mli'n11~nlf1uh.nru'lJ'fl\lL'llft; CD4+ T 

cells, CD8+ T cells, TFH cells LLft:; subset T cells 'llilUl na"ive cells, central memory (CM) cells, effector memory 

(EM) cells LLft:; late effector (LE) cells (111111\1~ 6) YiUil mlJlru CD4+ T cells ltJ acute phase U'flfJnil convalescent 

phase (p = 0.0116) LLft:; follow-up phase (p > 0.05) ltJ'llru::~ CD8+ T cells hJi1mllJLLlIln~I\1nwlwLL~ phase ~\I~ft~ 

1~Flfhw1unl1~nlf11tJn~lJ'll~\I Azeredo EL. et al. 2006 ~YiUil rilL'il~fJ'lJtl\lmlJlru CD4 ftUlft\lltJ'lI'l\l acute infection 

LLft:;i1rilL~lJ;ftJlw1:;fJ:; convalescent phase LLvihlLl'hnUlIltlW~lJ~WL~rlLYifJUnuFlwtln~ w'fln~lnifrilL'il~fJ'll~\lmlJlru 

CD8 hlLLlIln~I\1ntJltJFlwl~1:;fJ:; acute infection, convalescent LLft:;FltJtln~ (24) LLft:;tJ\lLUWn11~l!'u~'4W,nw'l4'fJ1wn~lJ 

(25·26) .J • ~ 1'"~ .J' ~" .. , .... r;o
'lltl\l Green et al. 1999a, Liu et al. 2002 VlVlln1114nlf1 W~IIlUlL'll~ L'llLft~U1tl~n (dengue fever) LLft:;YlU,)llJuTlJlru 

CD4 ft~ft\l L'lltJL~tI'lnU ltJm1VlUlft'fl\lif~'l4'fJl~,jl PBMC 'lJ'fl\l~~U1L:[~lJlliln1mT:;~U~'lfJ dengue antigen 'llilUl NS3 

LLft:; Env peptides 'lltl\lL:[tll')f~LUI\ln serotype 2 ~\lLuuu1L'lru~i1n11I1ltlU~U'fl\llJ1n~i'i~ LLiJil~~U1L:(tl~WllJl(27·29) 

... G, I ... .J'.Jq __ 

VlUl~tlU~:;lJVlftlfJ serotype nlll1lJLLIIl~lnn11Vl~~tlUYlU'l1 C;jlllvlL'IItlVllJ serotype 1 LLft:; serotype 3 LnUl cross reactive T 

cell response r1U serotype 2 Hi ~lnn111J11'l~VllmlJlru TFH i\l1tJ~')tJ'lJtl\l CD4+ T cells LLft:; CD8+ T cells t~EJliln11 

IIln~VI1mlJlru CXCR5+/ICOS+/CD4+ Vl1tl CD8+ ~Qnm:;~u~,)fJ dengue antigen 'IIij~ NS3 LLft:; Env peptides 'lltl\l 

L:(tlbf~LUI\ln serotype 2 YlUill'h CXCR5+ ~:;L~lJ;ftJLrlfl T cells CJnm:;~tJ ~\I~lnn1TV1U1fttl\lYluilmlJlru TFH CD4+ 

... ... ... 1 ..... r;o ,
T cells LlJflQnn1:;lJ!tJUI'lfJ NS3 pool peptide u acute phase (30.8%) ~:;l-JuTlJlrulJlnml convalescent phase 

(11.9%) tlrJl\1i1l!'fJ~lriqjVll\1~Ci~ (p = 0.0214) LLft:; Lrltl\lnm:;~tJ~'lEJ Env pool peptide 1u acute phase (44.6%) ~:;i1 

mlJlrulJlnnil convalescent phase (14.4%) flf.h\li1l!'tI~lriqjVll\1~Ci~ (p = 0.0061) LLft:; follow-up phase (24.2%) 

.. 1 .J ..... ... . 1t)ul\1lJl!'mh;rqjV11\1~i1~ (p > 0.0190) U'llru:;Vl TFH CD8+ T cells LlJtlQnm:;~UIil'lfJ Env pool peptide tJ acute 
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phase (36.1%) "'l::ihJh.Jlrumnn~1 convalescent phase (24.6%) tlth\li1UU~Ir1'1!Yll'H'l[)~ (p :.-: 0.0392) ~,)'Wn1t 

m::~'W~')tI NS3 hJi1mll.JLLVlnvil\1 n'WLWLl;] phase LL~Vl'lLiiLt1'W~lilll.JlruLitl~i1).JlnL'Wt:;U:; acute infection "'l::i1n1t 

m:;~'W T cells YhLiI~lmtClVl1'"l"'lY'41Jlfimru TFH CD4+ T cells (CXCR5+/ICOS+/CD4+) ).Jlnn111'Wt::u:: 

convalescent infection 'Wtln"'llnlfL'Wn~).J'1JfJ'l Rasheed AU, et al. 2006 1~viln1t~m~'11'W tonsil ~'lLiJ'W secondary . 

lymphoid organ Y'41J11i1n1tLL~Vl'lfJfJn'1Jtl'l CXCR5hi/ICOShi/CD4 L'll'Wn'W (30) L'Wn1t~m!nflf'llf 1~viln1tV1j")"'l'vllPh TFH 

CD8+ T cells (CXCR5+/ICOS+/CD8+) ~'lY'41J~lfT\lhJi1~fJlJrl).Jl~UU~l1'Wt.lrl~1~ fJtil'lhnVll).JL'Wn~).J'1JfJ\I Quigley MF, et 

al. 2007 1~viln11~n1!t1 TFH 'llUVl CD8+ T cell L'W tonsil LVlU~n1tLL~Vl\ltlfJn'1JfJ\I CXCR5 LfiU\lLl.JLrlflrlL~m Y'4U11 

CXCR5+ CD8+ T cells 12Ji1n1tLL~Vl'lfJ't'ln'llfJ'lLl.JLrlflrl cytolytic effector l~LLfi perforin (3 1) LLrl:;1'Wn~).J'lltl'l Forster R, et 

al. 19941~vilmtVl1'"l"l'vll CXCR5+ CD8+ T cells L'WL~tlVlfl'Wun~41'W,)'W 12 l1U Y'41J~Ii1lfi).Jlru CXCR5+ CD8+ T cells 

... (32) !'! 1 ' . l' I "" LY'4U\I 1.9 ± 0.8% "11\1 'Wn",!l.J'1Jtl\l Quigley MF, et al. 2007 Yl1n1tl1l1'"l"l'vll CXCR5+ CD8+ T cells 'W tonsil fl'WlJnl1l 

4,'W')'W 12 tltJ Y'41J~Ii1lfimru 26.9 ± 7 .9% ~'l).nnn~11'WL~tlVltlUl\1i1UtJ~Ir1ClJYll\1~[)~ (p < 0.0001) (31) 'Wtln"llnlf1~vil 

mtl1lt,)"l'vlllfimru subset T cells 'llUVl CD4+ T cells LVltJ~n1tLL~Vl\ltltln'llfJ\I CD45RA ~'lLiJ'W transmembrane tyrosine 

phosphatase ~'lti\lUfJnn\lmll.JLiJ'W na'ive cell LLrl:: CCR7 ~'lLiJ'W homing marker Y'4U11 Na'ive T cells 

(CD45RA+CCR7 +) L'Wt::tJ:; acute, convalescent LLrl:: follow-up phase 12Ji1fl,)Il.JLLVlnl1l1\1n'W Effector memory (EM) T 

cells 1'Wt::tJ:: acute phase LLrl:: convalescent phase ijphiltltJn~1 follow-up phase tltil'li1UtJ~Ir1'1!Yl1\1~n~ (p = 

0.0367 LL~:: p = 0.0159 Vlll.Jihvi'u) Lclfi\l"lln1'Wt::tJ:: acute phase "l::i1Litl Dengue antigen 41'W,)'Wl.Jln vil1iii1m1~Vl 
.J' • ... • 1""" v ...J' ,J 1"L'lltlLLrl::YllrlltJ na'ive CD4+ T cell "l1\.!')'W).Jln "l'lYlI 'vILnVlnlttlnL~ULLrl::VlVlL'llfi).Jln ri\lt.l~ 'vi EM CD4+ T cells CJn 

vilf'lltJ).Jln ~,)'W subset T cells 'llUVl Central memory (CM) T cells 1'Wt::tJ:: acute phase ijPill.Jlnn~l convalescent 
, , 

phase LL~:: follow-up phase tltil\1)jUU~lr1'1!Yl1\1~[)~ (p = 0.0143 LL~:: p = 0.0020 l1I1).J'~Ivi'U) LllfJ'l"llmi:itl)jn11~V1 

L:ttl Dengue antigen 1'Wt::tl:: acute phase vil1ii1unt::~'W CM CD4+ T cells ~\li1ml).J~I).JltClL'Wm1L~).J41'W')'W1~ vii 

1ii~l).JltClIfl1'"l"lViUlfi).Jlru'lltl\l CM CD4+ T cells 1~).Jlnn11L'W'i'::tl:: convalescent phase LL~:: follow-up phase ~\I"l:: 

ViU Dengue antigen 1~tJtltln11 ~\lY'4ut.Rmru CM CD4+ T cells 1~tJtltln11 ~,)'W subset T cells 'llUVl late effector 

(lE) T cells 1'W'i':;tl:: acute phase ijrl1Utltln11 convalescent phase LLf'l:: follow-up phase tltil'l)jUtJ~lr1'1!Yll\1~n~ (p 

= 0.0350 LLrl:: p = 0.0296 1fI1).J~hvi'u) 1'W~,)'W'Iltl\ln1tlfl1'"l"l'vlllfi).Jlru subset T cells 'llUVl CD8+ T cells Y'4Ut)1 na'ive T 

cells 1'Wt::tl:: acute phase i1ril).Jlnn11 follow-up phase tltil\1)jUU~Ir1'1!Yll\1~n~ (p = 0.0146) Liltl'l"lln Dengue 

" 1"!'I.,j..J 1 ' ..oJ ... ... .J'1 v oJ .. °1"antigen "'l::m::"l'W na'ive CD8+ T cells lHlJ'W CTl LY'4tllJ')tl 'WmffilL'II~~Yl).Jn1tV1VlL'lltl ')ti'lLVl'ln "'l\lYlI 'vI1fI1'"l"'lY'4U 

m).Jlru na'ive CD8+ T cells 4''W')'W).J,nL'W'i'::tl:: acute phase ~\lt.lrl~1~l1INn'W~Il.JnUn~l.J'1Jtl\l Akondy RS, et a!. 2009 

(33) oJ1"., .... ~ ...I , ,
Yl VlYlln1'i'YlVl~tl\lY'4U,)1 YF-17D specific CD8+ T cells "'l::l.Jm1LL~Vl\ltltln'lltl\l Ll.JL~flrl na'ive cells ~Vl~\lLl.JtltlfJ1::Wl1\1 

m'i'Ltl~tJ'WhJLiJ'W effector cells ~,)'W EM T cells 1'Wt::tl:: acute phase i1riltJtltJnrll convalescent phase LL~:: follow-up 

phase tltil\1i1UtJ~Ir1'1!Yll\1i'ln~ (p = 0.0422 LL~:; P = 0.0021 lfI1l.Jfhvi'u) CM T cells L'Wt::tl:: acute phase LL~:: 

convalescent phase ijrilmnnrll follow-up phase tlth\ljjUtl~Ir1ClJY11'l~n~ (p = 0.0064 LL~:: p = 0.0367 l1I1l.Jfh~u) 

.. , 1 ' , 
, 

C(20) ........
'11\1 'WmpJ'llfJ\I Akondy RS, et a!. 2009 Y'41J'"l1 late effector memory CD8+ T cells Y1l.Jm1LL~Vl'lfJtln'lltl\l D45RA+ 

tltil'lL~m Y'4Um).Jlrul.Jln1'W'i'::tl:: acute infection 'lltl'l yellow fever virus ~\l1iit.l~L'vIi:itl'Wn'Wnun~).J Precopio Ml, et al 

2007 LL~:: Mi"er JD, et al. 2008 ~\lY'4U CD45RA+ 1'W'i'::tl:: acute infection 'lltl\l vaccinia virus (34) yellow fever virus LL~:: 
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. (35) . (36) 1 ... ," , , ... 
smaIIpox VIrU S ll~~ B 19 virus LE T cells l..n~£1~ convalescent phase J.!~llJtl£Jn')1 follow-up phase fHJ1-lJ.! 

, , 
.dI 0 '" '" Qo I ,qq

lJ.!tll'llmmj'~l11lJ PBMCs C;)'l£1 Dengue antigens '!!'UC;) NS3 llf'l~ Env peptides Y'lU')1 TFH l'lJ.!n1j'Ll~Cil-lfltln1Jtl-l 

CXCR5+ LL~~ ICOS+ vT-l CD4+ T cells LL~~ CD8+ T cells 1'Uj'~£1~ acute phase ~mJ.!lrumnn~1 convalescent phase 

Llf'l~ follow-up phase mh-lihrmhritl!l'11-l~n~ (p < 0.05) tl1"lnrh'l1~~11'Uj'~£1~ acute phase L'lI~~ TFH Qnm~~'U~'ltJ 

Dengue antigens ~-l~mJ.!lruJ.!ln v111i-1~mn~J.!41'U'l'UL'!!f'l~J.!ln;'U LL~~tT-l~n1j'~~1-l1il(;111'1lr'llil~ IFN-y L~J.!;f'U~'ltJ 

LL~~L;jtltlf;j1'Uj'~tJ~ convalescent phase il-ln1tJ~J.!~mj'(;JtllJ~lJtl-ll'11-l1Jjj~J.!nlJL~J.!;f'U v111i:1~mJ.!lru Dengue antigen 

f'lC;)~-l LL~~i1mj'L~J.!41'U,)lJL'lIf'l~f'l~f'l-l lJtln"llnif TFH CD4+ T cells "l~i1ll'U'ltiJJ.!11Jn1j'~~1-l1'l1L(;Jlmr"llilc;) IL-17 LLf'l~ IL­

":../'1 • .,.J .. '" 
21 LY'lJ.!1JlJ 'Uj'~U::: acute, convalescent LL~::: follow-up phase mJ.!f'lIC;)lJ 1'U'Ilru:::l'l TFH CD8+ T cells ":::J.!LL'U'lL'UJ.!1'Unlj' 

~~1-l1'l1L(I11~u'!!ilc;) IFN-y L~J.!;f'U11Jj':::tJ::: acute, convalescent LLf'l~ follow-up phase V11J.!fh~lJ ~Ul~1J1"l~tl central 

..... ..l '" '" . _ 
memory (CM) T celis 1Jtl-l TFH cells "IlhlC;) CD4+ T cells LLf'l~ CD8+ T cells l'lm~I11'U~'ltJ Dengue antigens '!!'UC;) NS3 

peptides ~1).Jlj'[1(11j''l''Y'lUm).Jlru1onLV11Fl1..r''llilc;) IL-21 11Jj'~tJ::: acute phase l~~.nnn(:hllJj'~tJ~ convalescent phase 

tlEil-li1~tJfhrit1Jl'11-l~n~ (p =0.0484) ~-lllJn~J.!1Jtl-l Nurieva R.I., et al. (2008) YllJ~1 na'ive T cells ~t;lnm:::~hltCilu~ 

IL-21 "l:::LU~tJlJ1tJLUlJ TFH LLf'l:::"l:::L~I~ germinal center [;]tllu (37) LLf'l:::l'Un~l-J'Iltl-l Streeck H., et al. (2013 l~n~I'l~1 

~n14'tJlJ1-lyh'U1~mj'LL~Cil-l'fltlmJtl-l CXCE5 ~1tln1j'~i-l~1j'1'l1L(I11mr"llilc;) IL-21 v1')1C;)~'l~~-l11Jn1nj-lutlnf1rui'\).JlJ1i'lltl-l 

TFH ~1tl TFH-like lL!1ltlEil-lhn(l11J.! IL-21 tT-li1mmM)-ltl'flnlJ..iJ.!lnY'ltl~,,:::lil11Jn1j' identify L'JJft~ TFH (38) lJ'fln"llnif n~).J 

'Iltl-l Pallikkuth S., et al. (2012) l~Yhn1j'~m:n peripheral TFH 1'U~~CilL:[tl HIV ~~c;) H1N1 influenza vaccine Lc;)m1, 

L'JJf'l~1Jtl-l~~CilL;[tl~i1mj'(;J'flU~lJtl-l!1ltlt)l'l;lJl-Jlm:::~'Ui\ ll~:::lIilJ supernatant l-Jlv11mj'1'lc;)~tlU ~lJ~1 pTFH i1mru~-lrtlj' 

1'JJL(I11I'lu"IlwC;) IL-21 LL~:::i1n1j'LLi'\C;)-ltltln'll'fl-l CXCL 13 L~J.!l-Jln;f'U (39) LLft::: na'ive T celis, effector memory (EM) T cell 

_ J ... '" . 
LL~::: central memory (CM) T cells 'Iltl-l TFH cells 'lI'UC;) CD4+ T cells LL~::: CD8+ T cells l'lm:::l11lJC;)'ltJ Dengue antigens 

'llilc;) Env peptides peptides ~1).Jlj'(lm'l"lY'llJm).Jlrul'JJLV11~u'!!ilc;) IFN-y 11Jj':::u::: acute phase 1~).Jlnn~11'Uj':::tJ::: 

convalescent phase tlEil-lihrm~lritl!l'11-l~n~ (p < 0.05) 

LC;)tJ~~U ~~C;)L;t'tlbT~L~-ln serotype 2 (DENV2) ltl'U~ltJ~'U~~i1n1j'j':::tJlc;)).Jln~~c;)l'U~'Ul1'1£1 "llnmj'~m:n~¥-l 

if L;jtlm:::~hlL'lI~~~'ltJ Dengue antigen Y'ltJ~lmJ.!lru TFH CD4+ T cells LLft::: TFH CD8+ T cells llJj':::tJ::: acute phase 

)jmmrumnn~11hlj':::tJ:::~1J1 ~Uli'\1.11,,~'fl ~1).Jlj'[1(;Jj")"lY'ltJml-Jlrul'l1L(;Jl~U'llilc;) IL-21 llJj':::tJ::: acute phase ltii).Jlnn~1 

l'U'i':::lJ:::~1J1 tlEil-l~~tJ~lrit1Jl'11-l~n~ (p < 0.05) 11.1 CM T cells 1Jtl-l TFH cells 'lIilc;) CD4+ T cells LLft::: CD8+ T cells ~ 

m:::~wii'llJ Dengue antigens "Ililc;) NS3 peptides ~-l~'flC;)I'1~'fl-lntJml-Jlru TFH CD4+ T cells LLf'l::: TFH CD8+ T cells ~ 

(I1j''l''lY'lul~l'Uml-Jlrul-Jln11.11:::£1::: acute phase lJtln"llnif 11J~'l1J1Jtl-l TFH CD8+ T cells YlU~ltT-llJ..iiHltl~f'll-Jl~UtJi'\l1'U 

~f'l~ltii ~-lUli'\1J1"l,,:::i1mj'~m:n!1ltllu1hltl'Ul~(I1 
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A, Chotpitayasunondh T, Ruxrungtham K, Phanuphak P, Ananworanich J. Resistance to dual nucleoside 

reverse-transcriptase inhibitors in children infected with HIV clade AlE. Clin Infect Dis. 2005 Jan 

15;40(2):309-12. Epub 2004 Dec 21. Impact factor =6.186 

96. 	 Ananworanich J, Siangphoe U, Mahanontharit A, Hill A, Hirschel B, Ruxrungtham K. Saquinavir trough 

concentration before and after switching NRTI to tenofovir in patients treated with once-daily saquinavir 

hard gel capsule/ritonavir 1600 mg/100 mg. AntivirTher. 2004;9:1035-6./mpact factor =4.988 

97. 	 Ananworanich J, Pancharoen C, Sirivichayakul S, Buranapraditkun S, Apateerapong W, Ubolyam S, 

Ruxrungtham K. Undetectable plasma HIV-1 RNA with strong gag-pol specific interferon-gamma 

ELiSPOT response in an HIV-1 clade AlE-infected child untreated with antiretroviral therapy. Asian Pac J 

Allergy Immuno!. 2004;22: 165-9. Impact factor =0.455 

98. 	 Sirivichayakul S, Tirawatnapong T, Ruxrungtham K, Oelrichs R, Lorenzen SL, Xin KQ, Okuda K, 

Phanuphak P. Construction and immunogenicity study of a 297-bp humanized HIV V3 DNA of an 

approximated last common ancestor in mice. Asian Pac J Allergy Immuno!. 2004;22:49-60. Impact factor 

=0.455 

99. 	Autar RS, Ananworanich J, Apateerapong W, Sankote J, Hill A, Hirschel B, Cooper 0, Lange J, 

Phanuphak P, Ruxrungtham K, Burger D. Pharmacokinetic study of saquinavir hard gel caps/ritonavir in 

HIV-1-infected patients: 1600/100 mg once-daily compared with 2000/100 mg once-daily and 1000/100 

mg twice-daily. J Antimicrob Chemother. 2004;54:785-90. Impact factor =4.15 

100. Ananworanich 	J, Cheunyam T, Teeratakulpisarn S, Boyd MA, Ruxrungtham K, Lange J, Cooper D. 

Phanuphak P. Creation of a drug fund for post-clinical trial access to antiretrovirals. Lancet. 2004 Jul 

3;364(9428):101-2. Impact factor =18.32 

101. Chansritrakul S, Eiam-Ong S, Kansanabuch T. Wathanavaha A, Ruxrungtham K. Continuous ambulatory 

peritoneal dialysis improves both the number and memory function of CD4 T cells in uremic patients. J 

Med Assoc Thai. 2004 Apr;87(4):389-94. 

102. Arduino 	RC, Nannini EC, Rodriguez-Barradas M, Schrader S, Losso M, Ruxrungtham K, Allende MC, 

Emery S, Fosdick L, Neaton J, Tavel JA, Davey RT, Lane HC; Evaluation of Subcutaneous Proleukin in a 

Randomized International Trial (ESPRIT) Vanguard Group; ESPRIT Executive Committee. CD4 cell 

response to 3 doses of subcutaneous interleukin 2: meta-analysis of 3 Vanguard studies. Clin Infect Dis. 

2004 Jul 1 ;39( 1): 115-22. Epub 2004 Jun 14. Impact factor =6.186 

103. Ungsedhapand C, Srasuebkul P, Cardiello P, Ruxrungtham K, Ratanasuwan W, Kroon ED, Tongtalung M, 

Juengprasert N, Ubolyam S, Siangphoe U, Emery S, Lange JM, Cooper DA, Phanuphak P; on Behalf of 

the HIV-NAT 002 and HIV-NAT 003 Study Team. Three-year durability of dual-nucleoside versus triple­

nucleoside therapy in a Thai population with HIV infection. J Acquir Immune Defic Syndr. 2004 Jun 

1 ;36(2):693-701. 
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104. 	Law WP, Duncombe CJ, Mahanontharit A, Boyd MA, Ruxrungtham K, Lange JM, Phanuphak P, Cooper 

DA, Dore GJ. Impact of viral hepatitis co-infection on response to antiretroviral therapy and HIV disease 

progression in the HIV-NAT cohort. AIDS. 2004 May 21;18(8):1169-77. Impact factor =5.63 

BOOK CHAPTERS 

1. 	 Ruxfungtham K. HIV/AIDS in Thailand: Epidemiology and Clinical Management. In: AIDS und HIV­

Infektionen (Chapter 11-1.6). Editors: Herausgeben von, H. Jager. Ecomed 1999. 

2. 	 Ruxrungtham K, N Kumarasamy, Suniti Solomon, Mark Newell. Management of HIV-infected patients in 

developing country. In: Management of the HIV-infected patients. Second edition, Crowe Suzanne, et al 

ed., Cambridge University Press, 2002; Chapter 23. 

3. 	 Kerr SJ, Ruxrungtham K. Transmission of HIV and its prevention in Asia. In 'Global HIV/AIDS Medicine' Ed 

Sande MA; Volberding PA & Lange J. Elsevier 2007. 

4. 	 Ruxrungtham K. HIV-NAT Clinical Trials in Thailand. In: A Decade of HAART: Historical Perspectives and 

Future Directions. Bartlett J, Zuniga JM, Whiteside A, Ghaziani A, eds. 2008 

5. 	 Ruxrungtham Kiat. Immunology of HIVinfection. In: Fundamentals of Global HIV Medicine. Edited by Z 

Temesgen (Editor-in-chief), Anthony Amoroso, Bruce Gilliam, Eric P Goosby and Robert Orenstein.IHL 

press GA, USA 2009 
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AIDS, Cellular Immunology 

Fellowship Awarded AND CONFERENCE A DENDED: 


1996 - Fellowship Training Program in CTl against HIV from French Government at Pitie Salpetriere 


Hospital, Paris, France. October - December,1996. 


1998 - Bangkok symposium on HIV Medicine, Bangkok, Thailand, January 21-23,1998. 


5th - Conference on Retroviruses and Opportunistic Infections, Chicago, IL., USA, February 1-5, 

1998. 

1999 - Bangkok symposium on HIV Medicine, Bangkok, Thailand, January 20-22,1999. 

2000 - Full scholarship to attend the 13th AIDS Conference, Durban, South Africa, July 9-14,2000. 

- FIMSA Travel Award to attend the Australasian SOCiety for Immunology, 30th Annual Conference, 

Sydney, Australia, Dec 10-15, 2000. 

2001 	 - Application of EllSPOT assay for the assessment of cell-mediated immune responses in HIV­

vaccine-related research , Duke University Medical Centre, Durham, North Carolina, USA, April 

15-20,2001 . 

2002 	 - Scholarship to attend the 6th FIMSA Advanced Course and Conference "Molecular Mechanisms of 

Infection and Immunity" Ayutthaya, Thailand, October 21-25, 2002 

2003 	 - Application of the IFN-gamma ELiSPOT assay to monitor cellular immune responses in HIV 

vaccine-related research in Asia, National Center for Disease Control and Prevention, Beijing, 

China, January 13-18, 2003 

th - Fellow scholarship to attend the 10 Conference on Retroviruses and Opportunistic Infections, 


Boston, MA., USA, February 10-14, 2003. 


- 2nd lAS Conference on HIV Pathogenesis and Treatment, Paris, France, July 13-16, 2003. 


2004 	 - Fellow scholarship to attend the 11th Conference on Retroviruses and Opportunistic Infections, San 

FranciSCO, CA., USA, February 8-11,2004. 
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200S - 12'h Conference on Retroviruses and Opportunistic Infections, Boston, MA., USA, February 22-25, 

2005 . 

- 2
nd 

Annual Scientific Advisory Meeting Relative to Vaccine Design (NIH contract #N01-AI-30024l, 

lima, Peru, July19-24, 2005 

2006 - Fellowship Training Program in Development of Clinicallyr~'evant formulations of HIV vaccines: 

human and primate studied from at Department of Pharmaceutics, Faculty of Pharmaceutical 

Sciences, Utrecht University, Utrecht, The Netherlans. January - August, 2006. 

- 3
m 

Annual Scientific Advisory Meeting Relative to Vaccine Design (NIH contract #N01-AI-30024), 

Beijing, China, September 17--21, 2006 

2007 - 4th Annual Scientific Advisory Meeting Relative to Vaccine Design (NIH contract #N01-AI-30024), 

Boston, USA,September 1-9, 2007 

2008 - 15
1h 

Conference on Retroviruses and Opportunistic Infections, Boston, MA., USA, February 3-7, 

2008. 

2009 - HIV Immunology: From Infection to Immune Control, Keystone Resort, Keystone, Colorado, 

USA. March 21-28, 2009. 

- Vaccine 3rd Global Congress, Singapore, October 3-7,2009 

2010 - XVIII International AIDS Conference, Veinna, Austria, July 18-23, 2010. 

-Travel Bursary to attend the 141h International Congress of Immunology, Kobe, Japan, August 22-27, 

2010. 

2011 - 141/1 Bangkok International symposium on HIV Medicine, Bangkok, Thailand, January 19-21,2011. 

- AIDS Vaccine 2011 , Bangkok, Thailand, September 12-1S, 2011. 

2012 - 1SIh Bangkok International symposium on HIV Medicine, Bangkok, Thailand, January 18-20, 2012. 

- Full scholarship to attend the AIDS Vaccine 2012, Boston, MA., USA, Sep 9-12, 2012 

2013 - 3
m 

Asean Cytometry Workshop, Faculty of Medicine Siriraj Hospital, MAhidol University, Bangkok, 

Thailand, April 1-5, 2013 

1. 	 Phanuphak P, Chuenyam M, Ubolyam S, Buranapraditkun S, Teeratakulpisarn S, Ruxrungtham!<, Norio I and 

Takashi M. Clinical Study of Micronized Reishi Mushroom in Thai HIV patients. In Proceedings of the First 

International Symposium on Ganoeerma lucidum in Japan, November 1997. 

2. 	 Kroon ED, Ungsedhapand C, Ruxrungtham K, Chuenyam M, Ubolyam S, Newell ME, van Leeuwen R, 

Kunanusont C, Buranapraditkun S, Sirivichayakul S, Lange JM, Cooper DA, Phanuphak P . A randomized, 

double-blind trial of half versus standard dose of zidovudine plus zalcitabine in Thai HIV-1-infected patients 

(study HIV-NAT 001). HIV Netherlands Australia Thailand Research Collaboration: AIDS 2000 Jul 7; 

14(10):1349-56. 

3. 	Ruxrungtham K, Kroon ED, Ungsedhapand C, Teeratakulpisarn S, Ubolyam S, Buranapraditkun S, van 

Leeuwen R, Weverling GJ, Kunanusont C, Lange JM, Cooper DA. Phanuphak P. A randomized, dose-finding 
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study with didanosine plus stavudine versus didanosine alone in antiviral-naive, HIV-infected Thai patients: 

AIDS2000 JuI7;14(10):1375-82 . 

4. 	 Ruxrungtham K, Suwanagool S, Tavel JA, Chuenyam M, Kroon E, Ubolyam S, Buranapraditkun S, Techasathit 

W, Li y, Emery S, Davey RT; Fosdi<::k L, Kunanusont C, Lane HC, Phanuphak P; Vanguard Study Group. A 

randomized, controlled 24-week study of intermittent subcutaneous interteukin-2 in HIV-1 infected patients in 

Thailand: AIDS. 2000 Nov 10;14(16):2509-13. 

5. 	Ungsedhapand C, Kroon ED, Suwanagool S, Ruxrungtham K, Yimsuan N, Sonjai A, Ubolyam S, 

Buranapraditkun S, Tiengrim S, Pakker N, Kunanusont C, Lange JM, Cooper DA. Phanuphak P. A randomized, 

open-label, comparative trial of zidovudine plus lamivudine versus zidovudine plus lamivudine plus didanosine 

in antiretroviral-naive HIV-1-infected Thai patients: J Acquir Immune Defic Syndr. 2001 Jun 1 ;27(2): 116-23. 

6. 	 Ananworanich J, Pancharoen C, Sirivichayakul S, BuranaDraditkun S, Apateerapong W, Ubolyam S, 

Ruxrungtham K. Undetectable plasma HIV-1 RNA with strong gag-pol specific interferon-gamma ELiSPOT 

response in an HIV-1 clade AlE-infected child untreated with antiretroviral therapy:Asian Pac J Allergy 

Immunol. 2004 Jun-Sep;22(2-3):165-9 

7. 	Hansasuta p, Incomserb P, Buranapraditkun Sand Bhattarakosol P. Establishment of Cytotoxic T Lymphocytes 

Specific for Autologous Epstein-Barr Virus in HIV-infected Patients: The Feasibility Study of EBV-specific 

imunotherapy for Patients With EBV-associated Lymphoma. J Med Assoc Thai 2004; 87(SuppI2): S146-51. 

8. Suradhat S, Sada W, Buranapraditkun S, Damrongwatanapokin S. The kinetics of cytokine production and CD25 

expression by porcine lymphocyte subpopulations following exposure to classical swine fever virus (CSFV). Vet 

Immunollmmunopathol. 2005 JuI15;106(3-4):197-208. 

9. Suradhat S, Kesdangsakonwut S, Sada W, Buranapraditkun S, Wongsawang S, Thanawongnuwech R. Negative 

impact of porcine reproductive and respiratory syndrome virus infection on the efficacy of classical swine fever 

vaccine. Vaccine. 2006 Mar 24;24(14):2634-42. Epub 2005 Dec 19. 

10. Bunaprasert T, Thongmarongsri N, Thanakit V, Ruangvejvorachai P, Buranapraditkul S, Maneesri S, 

Kanokpanont S. Tissue engineering of cartilage with porous polycarprolactone-alginate scaffold: the first 

report of tissue engineering in Thailand. J Med Assoc Thai 2006;89 Suppl 3:S108-14. 

11 . Maek-A-Nantawat W, Buranapraditkun S, Klaewsongkram .J, Ruxrungthum K. Increased interleukin-17 

production both in helper T cell subset Th17 and CD4-negative T cells in human immunodeficiency virus 

infection. Virallmmunol2007; 20(1): 66-75. 

12. Buranapraditkun S, Nookhai S. Ubolyam S, Sirivichayakul S. Phanuphak P, Ruxrungtham K. Cost Savings by 

Reagent Reduction in Flow Cytometry-Based CD4+ T Cell Counts: An Approach to Improve Accessibility for 

HIV Management Asian Pac J Allergy Immunol2007; 25 (1): 83-89. 

13. Chang J, Sirivichayakul S, Avihingsanon A. Thompson A, Revill p. Iser D. Slavin J, Buranapraditkun S, Marks 

p. Matthews G. Cooper D.Kent S. Cameron P, Sasadeusz J, Desmond P, Locarnini S, Dore G, Ruxrungtham 

K, and Lewin S. Impaired Quality of the Hepatitis B Virus (HBV)-Specific T-Cell Response in Human 

Immunodeficiency Virus Type 1-HBV Coinfection. Journal of Virology 2009; 83( 15):7649-7658. 
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14. Wongyanin P, Buranapraditkun S, Chokeshai-Usaha K, Thanawonguwech R, Suradhat S. Induction of 

inducible CD4+CD25+Foxp3+ regulatory T lymphocytes by porcine reproductive and respiratory syndrome 

virus (PRRSV). Vet ImmunollmmunopathoI2010;133(2-4):170-82. 

15. Crane M, Sirivichayakul S, Chang JJ, Avihingsanon A, Ubolyam S, Buranapraditkun S, Thantiworasit 

P, Wightman F, .l..ocarnini S, Matthews G, Dare GJ, Ruxrungtham K, Lewin SR. No increase in hepatitis B virus 

(HBV)-specific CD8+ T cells in patients with HIV-1-HBV coinfections following HBV-active highly active 

antiretroviral therapy. Journal of Virology 2010; 84(6):2657-65. 

16. Pulsawat · P, Piboonpocanun S, Sirivichayakul S, Buranapraditkun S, Jacquet A, Shimada M, Okuda 

K, Ruxrungtham K. Production and immunogenicity of hypoallergenic codon-optimized DNA ' vaccine 

encoding mature Der p 1 allergen. J Investig Allergol Clin Immunol.2010; 20(7):582-90. 

17. Wismol P, Putivoranat P, Buranapraditkun S, Pinnobphun P, Ruxrungtham K, Klaewsongkram J. The values of 

nasal provocation test and basophil activation test in the different patterns of ASAINSAID hypersensitivity. 

Allergollmmunopathol (Madr). 2012; 40(3):156-63. 

18. Pinnobphun P, Buranapraditkun S, Kampitak T, Hirankarn N, Klaewsongkram J. The diagnostic value of 

basophil activation test in patients with an immediate hypersensitivity reaction to radiocontrast media. Ann 

Allergy Asthma Immunol. 2011 May;106(5):387-93. 

19. Sirivichayakul S, Thantiworasit P, Chatkulkawin P, Buranapraditkun S. Munier ML, Kelleher AD, Ruxrungtham K. 

Immunogenicity assay validation for an HIV vaccine trial: High IFNY(+)/lL-2(+) CD8(+) T cells background in 

healthy Thais. Vaccine. 2011 Aug 11 ;29(35):6002-7. 

20. Buranapraditkun S, Hempel U, Pitakpolrat P, Allgaier RL, Thantivorasit P, Lorenzen SI. Sirivichayakul S, 

Hildebrand WH, Altfeld M, Brander C, Walker BD, Phanuphak P, Hansasuta P, Rowland-Jones SL, Allen TM, 

Ruxrungtham K. A novel immunodominant CD8+ T cell response restricted by a common HLA-C allele 

targets a conserved region of Gag HIV-1 clade CRF01_AE infected Thais. PLoS One. 2011 ;6(8):e23603. 

21. Wangrattanasopon P, Ruxrungtham K, Chantaphakul H, Buranapraditkun S, Klaewsongkram J. Alkali-treated 

penicillin G solution is a better option than penicillin G as an alternative source of minor determinants for 

penicillin skin test. Allergy Asthma Proc. 2012 Mar; 33(2): 152-9. 

22. 	Wongyanin P, Buranapraditkul S, Yoo 0, Thanawongnuwech R, Roth JA, Suradhat S. Role of porCine 

reproductive and respiratory syndrome virus nucleocapsid protein in induction of interleukin-10 and regulatory 

T-Iymphocytes (Treg) . J Gen Virol. 2012 Jun; 93(Pt 6):1236-4? 

23. Tanvarasethee B, Buranapraditkun S, Klaewsongkram J.The Potential of Using Enzyme-linked Immunospot to 

Diagnose Cephalosporin-induced Maculopapular Exanthems. Acta Derm Venereol. 2012 Jun 21. 
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24 . Tongtako Wo Klaewsongkram JoJaronsukwimal No Buranapraditkun So Mickleborough TDo Suksom D. The 

effec t of acute exhaustive and moderate intensity exercises on nasal cytokine secretion and clinical symptoms 

in allergic rhinitis patients. Asian Pac J Allergy Immunol. 2012 Sep;30(3):185-92. 

25. 	 Chokeshai-u-saha Ko Buranapraditkun . So Jacquet Ao Nguyen Co Ruxrungtham K. A two-step non­

fiowcytometry-based na'ive B cell isolation method and its application in Staphylococcal enterotoxin B (SEB) 

presentation. Asian Pac J Allergy Immunol. 2012 Sep;30(3):214-23. 

26. 	Thongprayoon Co Tantrachoti Po Phatharacharukul Po Buranapraditkun So Klaewsongkram J. Associated 

immunological disorders and cellular immune dysfunction in thymoma: a study of 87 cases from Thailand. 

Arch Immunol Ther Exp (Warsz). 2013 Feb;61(1) :85-93. 

27. 	 Pulsawat Po Pitakpolrat Po Prompetchara Eo Kaewamatawong To Techakriengkrai No Sirivichayakul 

So Buranapraditkun S, Hannaman Do Ruxrungtham KoJacquet A. Optimization of a Der p 2-based prophylactic 

DNA vaccine against house dust mite allergy. Immunol Lett. 2013 Feb 8. pii: S0165-2478(13)00015-1. 
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Dengue 

1. 	 Suwannaboot S. Ketloy C, Ganokroj P, Ujjin P. Correlation of analytical performance of automated 

chemistry analyzer between Abbott Architect c8000 and Roche Cobas c501 . Chula Med J 2012; 56(4): 

413-419. 

2. 	 Mekaroonkamol P, Ketloy C, Chamnanprai S, Milintakas A. Chatsantikul Rand Ujjin P. Evaluation of 

COBAS c111 and COBAS INTEGRA 800 automated analyzers, Chula Med J 2009; 53(6): 499-507. 

3. 	 Mekaroonkamol P, Liyamasawat P, Akvong P, Thepa N, Ketloy C. and Ujjin P. Is automated urine 

sediment analyzer iQ200 a practical replacement?, Chula Med J 2009; 53(6): 477-487. 

4. 	 Ketloy C, Sirivichayakul S, Ruxrungtham K. A low cost duplex polymerase chain reaction to detect 

common HIV-l CRF 01AE reverse transcriptase inhibitors resistance-associated mutations: 103N/181C 

and 151 M/215Y. Asian Biomedicine 2009; 3 (6) : 611-621. 

5. 	 Ketloy C, Engering A, Srichairatanakul U, Limsalakpetch A. Yongvanitchit K, Pichyangkul S, 

Ruxrungtham K: Expression and function of Toll-like receptors on dendritic cells and other antigen 

presenting cells from non-human primates. Vet Immunollmmunopathol2008; 125(1-2): 18-30. 
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Dengue, DNA vaccine 

ACAPEMIC ATTENDANCE AND TRAINING 

June 2007 

October 2008 

December 2008 

October 2012 

October 2012 

August 2013 

CONFERENCE 

April 2007 

November 2012 

April 2013 

June 2013 

Training participant in "Good Clinical Laboratory Practice Training Workshop" 


Bangkok, Thailand 


Attendance in "2
nd 

International Conference on Dengue Fever/Dengue 


Hemorrhagic fever" Phuket, Thailand 


Training participant in "Training on the Use of Laboratory Animals for Scientific 


Purposes" Chulalongkorn University, Bangkok, Thailand 


Attendance in "Abbas's Advanced Course in Basic and Clinical Immunology" 


Bangkok, Thailand 


Attendance in "Research Training Program in Biomedical 


Science"Chulalongkorn University, Bangkok, Thailand 


Training partiCipant in "Training for working in Biosafety Level 2 & 3 Laboratory" 


Chulalongkorn University, Bangkok, Thailand 


31 sl Annual Meeting of Medical Technologist Association of Thailand, Bangkok, 


Thailand (Poster Presentation) 


Singapore International Conference on Dengue and Emerging Infections, 


Singapore (Poster Presentation) 


RGJ-Ph.D. Congress XIV, Pattaya, Thailand (with outstanding Poster 


Presentation Award) 


52nd Annual Scientific Conference, Faculty of Medicine, Chulalongkorn 

University, Bangkok, Thailand. (Oral Presentation, Awarded) 
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1. 	 Pinya Pulsawat, Patrawadee Pitakpolrat, Eakachai Prompetchara,Theerayuth Kaewamatawong, Navapon 

Techakriengkrai , Sunee Sirivichayakul, Supranee Buranapraditkun, Drew Hannaman, Kiat Ruxrungtham, 

Alain Jacquet. Optimization of a Der p 2-based prophylactic DNA vaccine against house dust mite 

allergy. Immunol Lett. 2013 Mar;151(1-2):23-30. 

2. 	 Araya Radtanakatikanon , Juthatip Keawcharoen, Nataya Charoenvisal, Yong Poovorawan, Eakachai 

Prompetchara, Ryoji Yamaguchi, Somporn. Techangamsuwan. Genotypic lineages and restriction 

fragment length polymorphism of canine distemper virus isolates in Thailand . Veterinary Microbiology. 

2013; 16676-83. 

3. 	 Chutitorn Ketloy, Poonsook Keelapang, Eakachai Prompetchara, Amporn Suphatrakul, Chunya Puttikhunt, 

Watchara Kasinrerk, Eiji Konishi, Nopporn Sittisombut and Kiat Ruxrungtham. Strategies to improve the 

immunogenicity of prM+E dengue virus type-2 DNA vaccine. (Submitted to VaccineJournal) 

4. 	 Eakachai Prompetchara, Chutitorn Ketloy, Poonsook Keelapang, Nopporn Sittisombut, Kiat Ruxrungtham. 

Homologous Prime/Boost of Tetravalent Dengue DNA-based Vaccine by Using In Vivo Electroporation 

Induced Strong Neutralizing Antibody Against four serotypes of Dengue Virus in Mice. (Submitted to 

PLOS ON8 
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