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. Abstract

Dengue virus pfesents- a growing threat to public health in a number of tropical and
subtropical 'c.ountri'es. Over half of the world’s popu]atigﬁ lives itl areas at risk of infection. In .
o Its ,most'serious forms, dengue haémorrhagic fever (DHF) and dengue shock syndrome
(DSS), it is also a major cause of morbidity and mortality, particularly in Southeast Asia
~ where it is the principle reason for paediatric admission to hdspital during the rainy season.
. There is no vaccine available and the pathogene51s and viral factors that underlie clinical
disease and protective immunity remain poorly understood. Epldemlologlcal and clinical

observations have shown that both host and viral factors determme the severity of the disease.

A study of genetic susceptxbxhty to DHF/DSS was camed out to mvestlgate the assoc1at10n of
HLA alleles and DHF/DSS in Vietnamese chlldren with secondary DENV-2 mfectxon This
study has -found that HLA Class I and II polymorphism significantly mﬂuences genetlc
susceptlblhty to DSS, in partlcular secondary DENV 2 infected chxldren with HLA-B*44
- were hkely to have DSS, whereas secondary DENV-2 infected children with HLA-Cw*12
~ and HLA-DQBI*O3 were at inqrease_ risk of DHF when éompared with the controls. HLA-A
| ahd_ HLA-DRBI polytnorphisms were not associated to DSS. This implies that HLA Class.I--_A '

- and Il-restricted immune ‘respbnses may:play an important role in DHF disease.

T-célt responses to déngtxe viruses may be impdr’taht in both protective immunitiz and.
| bathogenesis. The study of 51 Vietnamese 'sdults with secondary dengue virus inféctions
. defined the breadth and magnitude of peripheral T-cell responses to 260 overlapp'ing peptide
: antigens derived from a dengue virus serotype 2 (DV2) isolate. There are forty-sevenv
different peptldes evoked significant IFN-y ELISPOT responses in 39 patients, and of these,

34 peptldes contained potentially novel T cell epitopes. NS3, and particularly NS»00.324, were
important T cell targets. The breadth and magnitude of ELISPOT responses to DENV-2
peptides was mdependent of the infecting dengue serotype. Acute ELISPOT responses were
weakly correlated with the extent of }ltaémoconcentration'in individual patients'; but not \ivith.
- the nadir of thrombocytopaenia or the os(erall clinical disease grade. NS3ss6.564 and Envajs-a2s
-were identified as novel HLA-A*24 and B*07-restricted CD8" T cell epitopes, respectively.
Acute T cell responses to natural variants of Envajs.42; and NS3sse.s64 were largely cross-

reactive and peaked during disease convalescence. .



By phenotyping CD8" T cells (CD38"/HLA-DR", CD38"/Ki-67' or HLA-DR'/Ki-67) in -
serial blood samples from children with dengue, we found no evidence of increased CD8* T

cell activation prior to the commencement of resolution of viraemia' or haemoconcentration.

Investigations with MHC class 1 tetramers to detect NS3433.142- spec1ﬁc CD8" T cells in two *.

1ndependent cohorts of children suggested the commencement of haemoconcentrat1on .and

thrombocytopaenia in DHF patients generally begins before the appearance of measurable

. frequencies of NS3133.102- spec1ﬁc CD8' T cells

The results hrghlrght the 1mportance of NS3 and cross-reactive T cells durmo acute secondary '

‘ _mfectron but suggest the overall breadth and magnitude of the T cell response is not

significantly related to clinical parameters The temporal mismatch between the appearance

of surface actlvated and DENV- specrﬁc CD8" T cells suggests other mechamsms are

i respon31ble for. ’mggermg caplllary leakage in chlldren wrth DHF

i
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_ Chapter 1: Infrodui:tion - Déngue virus infeéfiqn

1.1 Dengue infecﬁén-fh_e global health pr’pblv_em

.D‘engu'e is currently the most important afbovir_al disease of huiﬁén. Dengue is caused by any
oné of fouf serdtypéé of dengue v'irus (DENV). Duﬁﬁg the last few .ciecades the global
prevalence of ‘dengue has grown dramatically. In a new cstirﬁate of burden of ',dengue from
PDVI, the diséase is now endemic in 124 tr‘opicavl. countries of the world, threatening rﬁoré
than 3.6 billién people (WHQ/TDR 2009').’ Thisﬁnewvestinv]atioh shows that there may be 70
million. to 5'00 millidn cases‘vof DENV infections wc;rldwide every year, which result in 36
mililion' caAses,o'f déngue fever and 2.1 m_illio_n'cases of dengue haemorrhagikc’ fever/ dengue
shock syndrome and 2_1,00(_) deaths eaéil year. Dgngu_e héembrfhégie fever (DHF) and dengue - » |
shock syndrome (DS.S),‘ the most serid;is’cdn_seqtieﬁces of DENV infecﬁon, lis al;c,;) a major s
cause of morbidity and moﬁality. ‘Pzrn;vticularly in;So‘uthe'ast Asia, déngue isa ﬁrinciple reason ¢ - -

- for pediatric admission to hospital during thé-rainy season. :

4 Althoﬁgh classical dengﬁe fever ha; bbeen recc.)r.ded for many cé?nt.uﬁe_s, DHF ai)pears tb Se a..
mdre recgnf phe_noinenon. Eﬁidemiés of DHF ha?e become mOré ﬁeciueﬂt since the 19503 i.n .
Sou'theést. Asia. Before 1970, only 'nine countries had known epidemicé of . dengue
haémorrhégic fever, but this ﬁumber has incféased uia to 70 -countries in 2005 (Kroeger and
Nathan_ 2006.); Dengue is now- endgmic in countries of Africa, the Americas, and the Easterﬁ
Mediterranean. Countrig:é in Southeast .Asié_and the Westém Pacific are seriously affected by

the illness.
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| 1.2 Emerge'née_ of Dengue/Dengué H‘ae‘m(v)rr»hagic Fever
The eai_‘liést clihipal énd .ep‘ider>ni>o.logic' description ‘of the potedtial cienghe.—like illness. isA
.- v recorded in a Chinese medicél' encyclopaedia in 992 (Gubler, 2006). After World War 11, the
subsequent growth of citie‘s"in Southéasti Asia and mpVémént of people led to an ipéreased
co-circulation éf mul'tiple bENV éerotypes and epidemic activity. The first major epiderrﬁcé
~ of the severe and fatal form of diseaée, dengﬁe haemi_)rrhagic fever (DHF), ‘occurred in
.‘ i_VIanila, Philippine»s,‘ from 1953 to 1954 as a direct result of this changing ecology (Mairuhu, o
E Wagenaar et al. 2004). Within 20 years the disease in epic-'lemicA form had spread throughout
Southeast Asi‘a; by the mid-1970s, DHFhad become a leading‘Cause.of ho_spifalization and
death arhong chil&ren in the re_gion-(Gﬁbler»]:»998).-Since_then, epidginics of DF/DHF havé’a
' .appeared in maﬁy new co;lr;tries. In Asia, épi(iemié DHF has_expapded geographically from ,
Southeast Asian éounﬁiés ‘wést to India, Sri Lanké, th'é .Malc;livés, aﬁd Pakistan and east to~ .
' Chiqa (GuBler 1997). sleveral islénd couﬁtrieé of the South and Central Pacific (Niﬁe, P_é_léxu,
) ‘Yap', Cook Isl?ands, Tahiti, Né_w Caledonia, and Vaﬁﬁétuj havé eXperienced major Or minor+
o _ DHF epidémics (Gublgr 1998).. In the A.méricas_, deng'ué }outbreéks héve r.nain;ly oc;urred ;-
.thei ;:entral.'aﬁd southern fegioﬁs, with the first major DHF epidemic in Cuba in‘ 1981 fqllowgd
by outbreaks in VVene‘zuela and Colombia (Kyle and Harris 2008) V(U'sme—‘Ciro; Mendez et al.
- 2008). Several deﬁgug serotype 2 virus epidemics were _documented, But né DHF cases were

described in Africa (Diallo, Sall et al. 2005).
1.3 Dengue virus

1.3.1. 'Dengue virus structure

Dengue virus (DENV) is a positive single-sense RNA virus belonging to the Flaviviridae
family, Flavivirus genus. This family comprises more than 70 RNA viruses, many of which

_are causes of important human diseases, such as yellow fever virus, Japanese encephalitis

3
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virus, and tick-borne encephalitis virus (van Der Most, Murali-Krishna et al. 2000). There are
four serotypes (DENV 1-4), classified according to their antigenic features. The single-
stranded RNA genome is encapsulated by an icosahedral nucleocapsid and covered by a lipid
bilayer containing protein envelope and (pr) membrane. The mature virion is 40-50 nm in
diameter and contains an 11-kb plus-sensed RNA genome consisting of a single open reading
frame directing the synthesis of a polypeptide, which is proteolytically cleaved by host-cell
and virus-specified proteases into ten viral proteins. Of these, three are structural proteins:
core (C), envelope (E) and membrane (M, synthesized in precursor form prM); the remaining
seven are nonstructural (NS) proteins. The order of proteins encoded is 5'-C-prM( M)-E-
NS1-NS2A-NS2B-NS3-NS4A-NS4B-NS5-3'  (Rothman 2004) (Rigau-Perez, Clark et al.

1998) (Kuhn, Zhang et al. 2002) (Henchal and Putnak 1990) (Figure 1.1).

Figure 1.1 Schematic diagram of DENV genome and polyprotein processing

Structureal genes Nonstructural genes
5f
C prM knv NSI NS2A NS2B NS3 NS4A NS4B NS5
FP Opep NS3BD SB I MT RP

FP: fusion peptide

Opep: octapeptide of NS1/NS2A

NS3BD: NS3 binding domain

SB: substrate-binding pocket of viral protease
H: lielicase

MT: methyltransferase

RP: RNA dependent-RNA polymerase
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, 132 'Dengrle virus protein,functioo' T

Flavi\lirus RNA replicatiori involves“ cyclizarion of the viral genome. D‘ENV'and other
mosqmto borrle flaviviruses. RNA have two palrs of complementary sequences at the 5’ and
3’ un- translated regions .(UTRs) that play crucial roles in the 1nmat1on and regulatron of
transiation, RNA synthesis, and viral assembly. The 5’ UTR of DENV genome contains two .
defined elemenvtsessential for viral replication; a large stem-loop Vstr»ucture and 5’ upstream
AUG 'region (Lodeiro, Filomatori et al.. 2009). Alvare.z.et al. demonstrated that deletionv of
individual domalns of the 3’ UTR of DENV afl‘ected RNA synthesis, RNA arnpliﬁca_tion an.d

viral replicaﬁon (Alvarez, De Lella Ezcurra'et al. 2005).

| The three structural oroteins are associated with virus.‘a's'sembly, ﬁrsion activit;l, and virus-cell”
interactions. The envelope protein, which is eXpoeed on lhe surfae'e of' the ‘virus‘particle, is
resporlsible for the main l)iological ﬁ‘mctvioris' ol" the r/irion, including virus attachmentl and
l/ims_-Speciﬁc membrane fusion in aeldic pAH.endosomes. It blnds to receptors on host cells,
‘ allowing the virus:to be trarlsported into the cell. In addition, the envelope protein 1S
asvsociated.' with haemagglutination of 'e'rythrocytes, ln'ductlon of neutralizirrg antibodiesv,‘ and

protective immune responses (Guzman and Koun'._l996).

‘The non-structural proteins (NS1-NS5), expreésed as both membrane-associated and secreted
forms, are primarily involved in the replication of Aviral RNA as a part of the replication
complex (Chambers T.J. and Rice 1990). The glycoprotein NSl isnota partlof the virion but
is expressed on the surface of infected cells. Although no precise function has yet been
ascribe(l to l\ISl, prelimirlary evidence suggests its involvement in viral RNA replication and -
serves an importaht role in the pathogenesis of severe dengue infections (Young, Hilditch et
al. 2000). NS2B, NS4A,F and NS4B proteins are assumed to be membrane-associated proteins
as they exhibit conserved hydrophobicity profiles among flaviviruses (Charrlbers T.J. and

5
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‘Rice 1990) (Appanna Huat et a] 200;/') NS3‘ 'protein‘ exhibits protease nucleoside :
tnphosphatase (NTPase) hehcase and RNA tnphosphatase activmes (Falgout Pethel et al.
1991). NS2B protein is an ER resident integral membrane protein of about 14'kDa and has
been extensi"vely studied as an essential COfactor’.for theactivity ofi the NS3 serine protease »
'(Niyo.mrat_tanakit .et al., 2004). Flavivirus NSSIproteins_ have been shown to possess RNA-

_dependent RNA polymerase 'activity (Malet, Masse et al. 2008).
1.3.3. DENY replication in vivo

Dengue infection ‘is initiated by the bite of e mosquito on the skin, where 'the‘vir‘us'is
introduced into.ithe host The host‘ cells of DENV cen be dendritic cells, monothes
macrophages or B cells Skin dendrltlc cells are beheved to be ten times more permissive to
-dengue infection than monocytes or macrophages (W, Grouard—Vogel et al. 2000) Thesel

h host cells express. dendntic cell spe01ﬁc ICA3M- grabbmg non-mtegrm receptor (DC SIGN)

a mannose—specrﬁc C -type lectin that serves as bmdmg-receptors for all four serotypesv Cs

(Navarro- Sanchez Altmeyer et al. 2003) (Tassaneetnthep, Burgess et al. 2003) The virus
binds to and enters a perrmssrve host cell via these receptors and then endocytosed through _
. engagement with an as yet unidentiﬁed factor (or co-receptor) (Lozach, Burleigh et al. 2005).
Altemativeiy; I';c receptors or ménnose receptors may be other kind of receptors for dengue
virus-penetration. Dengue binds to antibody agamst a dengue serotype from a prev1ous

infection (enhancing antibody) and is then endocytosed by Fc receptor bearing cells.

During infection, DENV is internalized into the endosomal compartment where there is a
conformational change in the envelope structure, which is triggered by an acidic pH,
_ permitting fusion of the virus envelope to the endosomal membrane and release of the viral

genome into the cytoplasm (Kuhn, Zhang et al. 2002) (Lozach, Burleigh et al. 2005)
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(Mukhopadhyay, Kuhn et al. 2005) (van der Schaar Rust et al. 2007) The first step of
~ DENV assembly takes place in assocration with the membranes of the ER (Chambers TJ.
and Rice 1990). The DENV}RNA genome is translated into a polyprotein in the.ER'where a
'viralj replieation’ complex is assembled facilitating repeated r.eplic.:'ation of thelj‘ genome .

(Lindenbach, 2001). -

A Imrriature virus partieles are transported to the plasma‘ membrane in vesicles for subsequent
release by exocytosrs The surface glycoprotem prM then is proteolytrcally processed by a
' .. host protease, known as furin, in the exocytotic pathway of the trans- Golgr network, leavmg ‘ ‘
‘the short polypeptrde M protern on the stirface of the virion and allowmg the E protem to fold |
into its mature, homodlmenc forrn (Yu Zhang et al. 7008) (Zybert, van der Ende- Metselaar 1 .

. 'et al 2008) (Duarte dos Santos Frenkrel et al 2000)
1.4 Vertebrate. host-vector

All four serotypes of DENV have a srrrular natuial history, 1ncludmg humans as the primary

o vertebrate host and Aedes mosqultoes of the subgenus Stegomyia (espectally Ae. aegypti, Ae.

_albopictus and Ae. polynesiensis) as the pri_mary mosquito ‘vectors (Senanaya_ke 2006). Ae.
aegyti is highly anthropophilic, thriving in cro.Wded cities and biting primarily during the day ‘
while Ae. albopictus is less anthropophilic and inhabits rural areas. In Africa, and .perhaps‘
parts of Asia, dengue viruses. also exist in enzootic. forest cycles with nonhuman primates as
.the vertebrate host (Rieo-Hesse 1990) '(de_Silva; Dittus et al. 1999). The adult mosquito’
usually rest in dark indoor sites. The species is day-active, with mdst biting activity -occurring
in the early morning or late afternoon. Significant increases in mosquito larval populations
are seen during the rainy season. This is an obvious reason why epidemics of dengue tend to

" coincide with the rainy season (Thavara, Tawatsin et al. 2001). .
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1.5 Transmission

- For tfansnlission to occur, the femal'e':Aédes 'iﬁosquiioes rﬂu_ét bite an infected huméﬁ duﬁng
' _'the viréémi? phase of tfxe illﬁess wﬁich can last upAto' 7 déys_ (Gublef .1:997)'. E';icﬁ rﬁosquitd -
may be int;ecfted_ by several virus subtypes vi_/ithoﬁt affecting fh‘e'\./irus yiéld. Thé feedihg :
behaviour of the mqsquito is characterized by easily interrupted feeding and rep’eated'probihg -

of one or several hosts (Stephenson 2005). . -

After bitiﬁg an infected human, there is an obligétory extrinsic incubation periéd fo; thé
, mosqﬁito itself before it bécqmes infectious: ’i'his period is éboui 8 to 12 days. The vuus ﬁrsi .

replicates in the midgut, reaches the haemocdel, and then infects the salivaryA gland. The virus ,
_ is'ﬁnalbly seéretéd in the saliva, causin'g‘infection‘ dﬁring probing. Sev'éral studieé 'suggested :

the genit;il tract is also infected and the virus may e;iter the fully developed egg at the time of

.- oviposition (Joshi, Mourya et al. 2002).

1.6 Clinical manifestation

1.6.1 'vDF and DHf |

Al four serotypés 'of DENV arehﬁmain pathdgens. A _pers;m infé'ctéd by bne of the four
| DENV éerotypeé is believed to be immune to that serotype (homologus immunityj, but vonly
transiently (~6 months) immune to the three other serotypes (Heteroldgus iminunity).' The
clinical outcomes of DENV inféction can vary frorﬁ'asymptomaiic inféctidn to dehgue féver
‘to_severe and life-threatening dengue haemorrhagic fever (DHF), of whiéh the rates of
morbidity and‘ mortglity are high in areas with little clinical,éxperience.in Iﬁanagmg the

~ disease (Gubler 1998) (Guzman and Kouri 2003) (WHO. 1997).
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-After an inEubation period of 3 to 7 days, pe_:c;ple With'sy}nptoma.tic illnésé usﬁally'deirelop' at
le‘.ast’ one of the following’ sy&npioms;I high fqifé;, headache;_ rash, abdominal paiﬁ,_ myalgia
.and‘ anhrélgia for 2 to 7 days’. In earligr data on..the;épiderhiO'logy of ‘inépparent dengue
-~ disease and dengue ééverit;@ Burke et .al.‘ foﬁnd that the majorityxof dengue virus infection, 87
pefc_ent, were either‘asym'ptomaticlz or nlinimaily symptoxﬁatig (Burke, Nisalak et al. 1988).
lLater, Endy et al. showed an equél incidence of occurred inapparent.and syr_nptdmatié .
s_ecohdary dengu§ infection (Endy, Chunsuttiwat et> al. 2002). Coﬁveréely, the disease can be
complicéted with ,S)"m'ptorx'm such }diarombéc).ltopenia,' plasma leakage, bleeding, -and'
hypbvolem‘ic shock; this is commonly referred to as dengue hemorrhagic fever (DHF). In a
V probsp.e':ctive pbpplation-i)ased cohort of Thai schd_ol-age children, Aﬁdefsor; et al. §hown,ihat';1 :
sixteen percent of symptomatic. f:dnﬁrmed de'ngue. infectio'ns‘ Weré_ classiﬁgd as’ dghgue '

: haemorrhagic fever (Anderson, Chunsuttiwat et al. 2007).

- 1.6.2 Other sé&iereI dengué sy_nvdvr(‘)mes‘

| There gre,sbme unﬁsual manifeégatibns of dengue. These include severe haefnqrrhage, hepétic s

o damage, cardiomyopath'y; and encephalopéthy (Rigau-Perei, .’1598. #43) (WHO; 1997):
(Sqlpmoq, Dung et al. 2.00(')) (Lawn, Tilley et al. 2003). Neurological ma‘nife’s_tati_ons such as
altered consciousngss, convulsions, and coma' have beeﬁ ascribéd to an 'enc.ephalopathy_
secondary to brolonged:DPIF/DSS (Solomon, Dupg et al. 2000). Other uﬁusual presentations

of dengué infection inplude, OCﬁlar manifestations (Haritog‘lou,‘ Scholz th al. 2000)

(Haritoglou, Dotse et al. 2002). _

1.7 Clinical management

There are no specific therapies or licensed vaccines for dengue. However, careful case
‘management, centered on the maintenance of circulating body fluids, saves many lives.

Without treatment, -the mortality rate associated with DHF can exceed 20% (Stephenson

9
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© 2005). With proper care; including fluid or blood transfusion, fluid resuscitation (in DSS

cases) and supportive care the mortality rete can be reduced to < 1% (Stephenson.2005).
1.8 Clinical and laboratory di"agnosis_ .

181 Clrmcal dlagnosrs

The World Health Organization (WHO) has published guidelmes for the d1agnosrs and
‘ management of dengue 1nfections (WHO. 1,997). There are variable clinical manifestations
associated with dengue infection. DF cases are characterized by an .acute febrile illness with
two or more manifestati.ons- (headabhe, retro-orbital pain, myalgia, arthalgia, rash;

.haemorrhagic manifestations or leucopema) DHF cases are charactenzed by three major.

clinical mamfestations haemorrhagic tendencres thrombocytopema and haemoconcentrationa :

- (WHO. 1997),. All three features must be present for a DHF classification. 'l‘he most common
“haemorrhagic phenomenon is a pbsitive tourniquet 'tes_t and eésy bruising and/or bleeding .at_
'venupuncture . sites. - The other' co’mmon ﬁndings of DF/DHF are - leukopenia;: |

hypoprotemaemia hyponatraemia and elevated levels of serum aspartate aminotransferase

In practice there are difﬁculties in followmg the WHO crlteria for DF/DHF classification. In
) Amany studies, application of strict WHO criteria for DHF has been problematic (Phuong, - -
v'Nha_n et alt 2004) _(Balrnaseda, Hammond et al. 2005). Tlns has led to the suggestion that the
existing WHO classiﬁcetion schemeneeds to be refined (Balmaseda, Hammond et al. 2005) |
(Bandyopadhyay, Lum et al. 2006) (Deen, Harris et al. 2006). A new WHO l)engue case
classification has been _published to resolve this problem (WHO-TDR, 20095. This new
scheme claissify dengue cases into 2 ‘main groups - severe dengue and mild dengue, which in
turn is subd1v1ded into 2 groups - dengue with and without warning signs (WHO -TDR,

2009)

10
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182 -Laboratory diagnosis' -

Laboratory diagnosis of DENV infection can be made by the isolation of virus, detection of

viral antigen, genomic sequence and/or virus-reactive antibodies (Guzman, Pelegrino et al.

>'2003) (Guzman ‘and Koun 1996) (Gubler 1998) (WHO I997).A Currently, ‘the most

commonly used approaches are detectlon of the genoxmc sequence by a nucleic ac1d

amplification technology or detection of DENV specific antibodies and DENV antigen. After " -

the onset of illness the virus is'found in serumor plasma ‘circnlatin'g bloo’d cells and.
selected tissues, especlally those of the immune system for approxlmately 2 to 7 days,

roughly correspondmg to the penod of fever (WHO 1997). Recent studies suggest that

a assays for NS1 ant1gen detect1on could be a potent1al means for the early d1agnos1s of DENV '

mfectlon (Alcon Talarmin et al 2002) (Koraka Burghoorn—Maas et al. 2003) (Young,

Hilditch et al. 2000) (Kumarasamy, Wahab et al. 2007) (Hang, Nguyet et al 2009)

1.8.2.1 Antibody detection

Several methods have been described for the serological detection of DENV-specific

_antibodies including the hemagglutination inh'ibitionv(HI) test (16) the neutralization test

"(77) the .indirect 1mmunoﬂuorescent— antibody test (90), ELISA 6), complement ﬁxatlon _' :

(30), dot blottmg (10), Western blottmg (51), and the rapld 1mmunochromatography test (for
which several commermal kits are available). Among these, capture.IgM and/or IgG ELISAs
and the HI test are the most commonly nsed techniques for the routine diagnosis of DENV
infections. The use of IgM antibody-c'apmre‘ELISA (MAC-ELISA) serves as a valuable tool
for the presumptive diagnosis of acute flaviviral infections since IgM antibodyA titers are

detectable early, peaking at about 2 weeks postinfection, and subsequently decline to lower

-levels over the next few months. IgM antibodies are generally less cross-reactive than IgG in

11
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- pr_imary infections, and the serotype having the highest IgM titer is often the one responsibie._ _

~ for current infection (WHO 1997). -Differentiation between primary and secoridary infections

B has been suggested by determmmg the ratio of IgM to IOG in acute-phase sera (15 29) In

- ;thls context, the term secondary infection” is used to describe the nature of the serologtcal

‘response and does not imply this was necessanly the second DENV mfectlon expenenced by

the patient, since it "could also be third or fourth DENV infection V(GiAbbons, Kalanarooj et al.

» "‘.2007). Several commercial. MAC-ELISA lassays had been validated as both .sen‘sitive and
: specnﬁc methods for DENV antibodies d1agnos1s (Porter, Widjaja et al. 1999) (Vaughn |

: Nxsalak et al. 1999) (Wu, Grouard-Vogel et al. 2000). The IgG ELISA 15 also repoxted asa

‘ dJagnostlc tool of high sensmv1ty and specificity (Hapugoda Batra et al. 2007)

1.8.2.2 Antlgen detectlon

o -,Recent studies suggest that assays for NS1 antigen detectxon could be 'a potential means for
| the early dlagnosxs of DENV infection (Alcon Talarmm et al. 2002) (Koraka Burghoom-‘
_'Maas et al. 2003) (Y oung, Hlldltch et al. 2000) (Kumarasamy, Wahab et al. 2007) (Hang, '
, Nguyet et al. 2009) (Alcon- -LePoder, Drouet et al. 2005). NS1 anngens in the fonn of an

immune complex could be detected in the acute-phase sera of both patients with primary and

"secondary DENV _.infection up to 9 days after the onset of illness (Alcon, Talanntn et al.

V {2062) (.Koraka,.Burghoom-Maas et 'al. 2003) (Y}ou.ng, Hilditch et al. 2‘000_) (Kumafasamy,

: Wahab et al. 2007)' (Alcon—LePodet,‘ Drouet et al. 2005). Hang et al. recently reported the

sensitivity and specificity of two commercial NS1 assays for diagnosing dengue, the Platelia
ELISA and‘a lateral flow rapid test (Hang, Nguyet et al. 2009). Theit results indicate these.

. tests are most sensitiVe when used during the ﬁrst 3 days of illness and are most likely to be

positive if the patient has pri‘mary dengue. Hand et al. also bshowed t,he. relationship between

the sensitivity of both and the level of viraemia in patients.
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1;8.2.3 Viral isolation .

‘Durin'g the febnle phase dengue vlruses can be isolated from serum, plasma or léuéocytes It
can also be 1solated from postmortem tissues ‘'such as hver lung, spleen lymph nodes

: ‘thymus cerebrospmal ﬂurd or pleural/ascrtrc ﬂu1d (WHO. 1997). |

V1rus isolation by cell culture or in mosqurtoes is a gold standard diagnostic method,

although it is less sensitive and requires a longer time for a result when compared to other ‘
methods (Yamada, Takasak1 et-al. 2002) (Teles, Prazeres et al. 2005) The 1solanon of viruses
from clinical samples can be carried out wrth cultured mosqurto cells C6/36 (Yamada,

Takasaki et al. 2002) or mammalian cells, such as Vero, BHK21 V(Guzman and Kouri 1_9-v96j.

1.8.2.4 Molecular diagnosis

- DENV nucl_eic_ac_id may also he detected in tissue or serum samples fr_om'hurnan'or in -
,_mosq_u‘itoe.s. by R.T-AP'CR techniqueS"whiCh were 'developed from the ea.rly. l§90s (Lanciotti; ‘~ | '
Calisher et a].‘ 1992) (Harris, Roberts et al. 1998). (Wang} Lee et_al..~2.000) "(Sudi'ro, Zivny et. -
. ., al. 2001) (Raengsakulrach, Nisalak et al..2002) (De Paula; de Melo Lima et ‘al.-'20'04).‘
(Pinheiro, Tadei et al. 2005). Among these the two-step nested RT-l’CR protocol originally N
reported by Lanciotti et al. is well known (Lancrottr Callsher et al. 1992) (Hams, Roberts et»
al 1998) More recently, the real time RT PCR assay has gradually replaced conventronal
PCR or RT-PCR methods for the rapid dragnosrs of DENV infection as it provrdes
quantltatlve measurements, a lower contamination rate, a higher sensitivity, a higher
specificity, and easy standardization (Chen, Yeh et al. 20t)l) (Drosten, Gottig et al. 2002) ~
- (Houng, Chung—h/Iing Chen et al. 2001) (Shu, Chané et al. 2003) (Wang, Sung et al. 2002) -
(Chutinlmitkul; Payungporn et al. 2005). DENV-specific primers and probes are usually

designed for targeting conserved sequences among four dengue serotypes within the E, NS3,
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NS5 region or'réc‘éntly the 3’ .non-coding _region (Lanciotti, Calisher et al. 1‘992)'(Houﬁg, _

Chung-Ming Chen et al. 2001) (Chien, Liao et al. 2006) (Seah, Chow et al. 1995).

1.9 Immunopathogenésis to dengue infection

1.9.1 Innate immune responses a‘gainst_ den_gye virus infection

Before the proliferation of B. and T cells, the initial host response to bENV 'inféction is likely
to be byl fhe innaté immunevsysteml, Mononuclear éhagocyte Iinéages such as. dendritic cells,
- macrOphages,A monocytes are considered tov‘be; the prime target cells fpr' DENV infection (W,
Gr.oua_rd-Vogél ;;t al. 2000) (Marovich, Grouard-Vogel ét al. 2001) (Kyle, Beatty et al. 2007). o
'Acti‘vatecll" DCs also secrete V<>:y_tokin;cs_ such. as TNF;a and IFN-a 1n response to DENV |

ihfection (Libraty; Pichyangkul et al. 2001) (Hé, Wang et al. 2001).

' Cytoiysis by natural killer (NK) cells‘m‘;iy be alsd importaﬁt in ‘l:ix:nitin.g- DENV r.e;;licat_ion"
(Shresta, Kyle ef al; 2004); Ex vivo ﬁhenptybingdaté imply a potential role for. activated NK
 cells during early DENV infection (Green, Pichyangkul et al. 1999). A significant increase in
circulating NK cell freq;iencies ;Yas found in pafients d:uring acute 'dengue disease (Azeredo,

De Oliveira-Pinto et al. 2006).

In vitro infection of human cells and cell lines witﬁ DENV, or exposure to dengue antigens, .
r‘esulfs in the production of various anti-.viralli cytokihes. For instance, neutrophils may
produce TNF-a that can act directly‘ against viral infections (Navarro—Sanchez, 2005). IFN-a
might play an important role in the mechanisms of hc;st cell defense against DENV. The ‘
release of IFN-a appeared fo be critical for early immune response and resistan(;,e to DENV

infection in a mouse model (Shresta, Kyle et al. 2004). A strong IFN-a inhibitory effect on
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 DENV replication was observed when different cell types were treated with »cytol_'(’inefpﬁo_f to

ex'po'sh_r'e‘to virus (Diamond, 'Robért_sﬁ.ét al. 2000).

The role of cOmplément in'dengue is not well uﬁdersfood. Coﬁlpléftlenf activétion;occurs»
_ duﬁrig the acute and e@rly convaleécent 'phése of the disease, and the ‘vdegree of ac_tivatibn
. appears to be correlatéd with dise;ase severity. .Levcls of C3a, C4é, and C5a in patiehts with
DHF were increased when ?:ompafed to H'those with _ Df (W_ang, Chen et al. 2006)
. (Nascimento, Silva et al. 2009). Tﬁe éomp!ement cascade is activated by DENV antibody .
cor.np'l.ex or ‘by different cytokines to .releasév'CBa aﬁd C5a that may élso have an 'eft;ecf on

vascular penneability (Avirutnan, Punyadee et al. 2006). :

o 1.9.2 Anﬁ_bodies responses against dengue virus infection.
1.9.2.1 Dengue virus-specific aintibodieé after primary and secondéry infectio_h

After afpr"ima_ry‘DENV infection, anti-DENV IgM becomes_dgtectablg m most patients by the

time of defervescence. Levels of IgM peak at two weeks after infection, and decay over a' - .

period of 2-3 months after infection. Lov_v. ti‘tresAof anti-DENV IgG are ‘detectéd_during the:

. e’afly convalés_cént phase (Churdbooﬁchart, Bhamarapravati et al. ..1991). S

During secondary infectidns, IgG levels increase quickly during the acute phaée, but IgM
1¢vels _arellow or even undetectable. IgG specific for.E, NS3 a_nd VNSS DENYV proteins caﬁ _
usually bé dgtécted during the aéu;ce phase of mfectioﬂ, while IgG specific for other proteins
such as ',C and NSI1 DENV‘ proteins can be detectefd during‘the convaleséent' phase
(Churdboonchart, Bhamarapravati et al. 1991). These antibociies tend to be highly cross-
reactive with other serotypes of the virus. Therefore, it is usually not possible to identify the
infecting serotypes éf DENV from the antibody response profile during acute secondary

dengue.
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After a pnmary DENV mfect1on md1v1duals develop neutralrzmg antrbody and. probably, '_

‘ hfelong 1mmumty to the homologous serotype Subsequent secondary mfectron by one or ‘

" 'more of the three heterologous‘ serotypes is generally accepted asa major‘nsk factor for DHF

- and/or dengue shock syndrome due to annbody dependent enhancement (ADE) (Guzman .

" Kouri et al. 1990) (Halstead 1988)

1. 9 2 2 Role of DENV-speclﬁc antibodies in protectrve 1mmumty

. Antrbod1es to DENV have been reported to mediate three blOlOglC functions in vitro whrch :
may contribute to prevention of or recovery\ from 'DENV -infection: neutralization,’
complement-mediated cy}toly.sis,A and antibody-dependent ' cell-mediated cytotoxicity

- (Laoprasop\yattana, Libraty et al. 2007) (Lln, Lei et al. 2001). However, -antibodi.es might ‘

also -augment. DENV ;infection ‘through the phenornenon callled} antibody-dependent l E
- enhancement. Passive protection studie's' inmice havelshown that DEN.V-speciﬁc monoclonal
antlbodres are capable of confemng some degree of protectlon against: further challenges

] (Calver’t Huang et al. 2006)

Antibody-dependent cellular cytotoxicltyf(ADCC) is a mechanlsm m which virus-speciﬁc -
.antibodies bind‘ to the: surface of heterologo_us_DENV-infected cells and mediate lysis by NK
4cells. A higher level of ADCC activity measured before secondaryl)ENV-3 infection was
associated with lower subsequent 'virembia levels, which suggests a protective role vof |

antibodies mediating ADCC (Laoprasopvyattana, Libraty et al. 2007).

1.9.3 Cellular i immune responses in dengue infection

1.9.3.1 T-cell regcognition of DENV protems ’

* Most studles of DENV-spemﬁc T cell responses have occurred in the context of T-cell clones
generated from hve attenuated DENV vaccines, ‘or less frequently, from dengue patrents

- (Dharakul 1994) (Gagnon 1996) (Green, 1993) (Kurane, 1991) (Kurane 1995) (Mathew
16
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- 1996) CD4+ and CD8+ T cell response to DENV is dlrected agamst multlple viral protems

-although the NS3 .protein appears to be an 1mmunodommant protem w1th multlple epitopes
' thIngh'out,the prqtein. Serotyp'e spec1ﬁc and cross-reactlve T cells vary in their ability Vtobl

fecbgnizé ‘dAiffé‘rent DENV .serotypes, depending ﬁpdn Athe degr’eé'éf ébn’;ervaﬁc}n in the
: arﬁino acid sequencés of the ébitope.s and the TCR (Kurane, Zeng et al. 1998) (Ziﬁy, Kurane

et al. 1995).

1.9.3.2 DENV-specific T cell responses in subjects who recelved live attenuated DENV
vaccines _ .

- PBMC from indiyidﬁél‘s ‘who réceived live_l éttenuated DENV vaccination shoWeci
p_roliferative‘responses to 'mulﬁple der_igue’ and other non-dengue ﬁaviviruses wifh the highest .
- response to_h‘omolegbus’D.ENV serotype '(I.)harakl'x__l,l 1994) .(Mathéw, 1996). CD8¥ T ccllé
. were predomiﬁant cytdtdxic céils identified in short t‘efm ge_ne;rated T-cell lines. Gagnon et al.
isblatéd'CD4+ cytotoxic T celié aéains_t core pr‘étein and found that thesé T cells could o
cogqafe target cell as well as bystander target cells (Gagﬁon, 1999). | Most' of the ‘CDI474- and.
’ CD8+ T-cell lines 'geﬁera'téd from the'se'donor respoﬁcie’d to- virus, viral antigenA or. peptidvél
stlmulatlon by secretmg Thl cytokmes mc]udmg IFN-y TNF -, TNF B MIP 1 B and IL- 2:' '

- (Gagnon, 1999) (Kurane 1994) (Kurane 1989)

Serd_type specificity and cross-reactivify T cells vary in their ability to recognize differcnt
DENV serotypes, depéndiﬁg upon the degree of éonservation in the amino acid sequence .of :
~ the epitopés and the TCR (Kurané, 'Zeng et al..1998) (Zi;/ny,» Kurane et al. 1995). Dominance
_of cross-reactive T cells was obsérved among DENV specific ﬁléméry T cells duriﬁg

secondary infection (Mathew, Kurane et al. 1998). -
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-1.9.3.3 DEN\/;:speqiﬁc T cell responses in péltie;lts with natural DENViﬁfeqtions

There have been sofﬁe studies of nafurally immunc péople (Mathew, Kurané et al. 1998)_
(Gégndn, Mori et al. 2002) (Zivna, Green et al. >20102) '(MongkOISap;lya, Dejniratﬁsai et al.
>2'0(-)3>) (Simmons, Doﬁg et al. 2005)_‘ Cyto.toxic T;éell clénes and bﬁlk lines | genérgted‘from
_patiénts following natural secondary infections were broa.dly serotype-cross-reéctive and
directed against. the non-structural protéins (Mathew, . 1998). invn}a et al.’ 'showed. thev
frequency of HLA-B*O?-restrictéd epitbpe specific T célls measﬁred by ELISPOT assay was
-higher in patients witﬁ DHF kc.or_npared with DF (Zivna, 2002). It is poséit->1(*; to detec‘; DENV-
specific CD4+ and CD8+ memory .cytotoxic' T lyrhphocytes (CTLs) up to a year after a
éatural secondary'infectidn (Mathew, Kurane et: al. 1998). A detailed aﬁalysis of a CTL
résponse during ‘aéute' d'engue shbwed that xthere was an association betweeﬁ the fnaghifucie iof -
the T-cell résponsé and disease severity} (qugkolsap;dya, Dejniraﬁisai‘gt al. 2003). Moré_{
- redently, 6ur results éhowed that the T-cell ir'espons'e to DENV;2 péptides was ihdependeht of
fhe infecting DENV vserotype, suggesting  that crqss-reécti?e T célls dpminate the acute

response during secondary infection (Simmons, Dong et al. 2005).

Activated T lymbhocytes and their bybfoducts have been defectea in patients‘ with dengue
(REF). Circulating Ie.vel of soluble' CD4, sCDS8, sIL-2R, and sTNFR are elevated in the sv,erum‘
or plasma of patienfs with servere dis.ease (Bethei DB, 1998) (Green, 1999) _(Hober, 1996)

| (K;lrane, 1991). There wéreﬁ significant increases in the expréssion of CD69 on Cb8+ T éellsb |
and NK cells in children with DHF compared with DF duﬂng the febrile beriod.of illness .

(Green, 1999).

 1.9.4 Cytokine responses in dengue infection

DENV infected monocytes, B-lymphocytes, and mast cells produce different cytokines. At

 the present there is disagreement about the predominant cytokines produced during dengue -
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'-'fever-.an;i" DHF. DENV-infécted "h.uman' peripheral blood_leekocyteé pr‘()dcce. Thl ,aﬁd Th2 -
cvtokines Such as 'l;NF-a, IFN-y " _II;AZ', -1L-4, .IL-5,_ vIL—6f, aAnd’ IL-10 (Chaturvedi, Eibilshbishi
| et al. 1999)> (Chen and Waﬁg»ZOOZ),(Mangadé a‘n'cl_-Rothman 2005) Sorbnestudies ‘have-
suggested that Thl type ‘cytokiﬁe (IL-2, IFN-y) responses are eeen in A.early days of illness a‘nd‘
Th2 type cytokine (IL-5, IL-4) responses occur later. According to Chaturvedi et al., serurAn-‘ ,
.con_cénfrations of TNF-q, IL-2, IL-6, and IFN-y are highest in the ﬁrst three days of illness |
,;vhereas IL-10, IL-5, and iL-4 tend tc appear later (Cha‘turvedi, Elbi‘shbishi et al. 1999). -
| Contra’ril'y, some reports'_suggest_that predominant Th2. responses occur in DHF/DSS, vvhere
' Tiﬂ‘responlses seem to.prcfect against severe infections. Increased levels of IL-13 aed IL-18
have also been reported dlir_ing severe dengue infections, with highest levels seen b’in patienfs
' with' g:ra'de IV DHF. Serum IL-12 levels are highest in batients with dengue fever, bet 4
- undetectab]e in patlents thh grade III and IV DHF Levels of TGF- B (an inhibitor of Thl and
enhancer of Th2 type cytokmes) correlate- W1th seventy of dlsease and show an inverse -
relatlonshxp w1th IL- 12 levels (Mustafa, ElblShblShl et al. 2001) DHF patlents have hngher“
" levels of TNF_-(x,‘ IL-6, -IL-13, IL-18, and cytotoxic fac_tor compared with DF patients. Theseb.
' cytokineé have been impliéated in caueieg increased va;cuiar permeability ‘a>n'd'_shock during>

"dengue infections (Mustafa, Elbishbishi et al. 2001) (King, Marshall et al. 2000)'.
1.10  Risk factors for the development of DHF

Several risk factors have been proposed for development of DHF. These include: serotype
and virulence of the infecting DENV; age, sex, immune stétus; and genetic background of the

host.
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1.10.1 Virulent faété‘rg A |

Viral faétoré are Hypothesized to contribute to the pfogréésion of DHF. The risk for DHF is .
higher'whére two or méré virus‘ serotypes are circulating simultaneously (Halstead,: 1997)‘-

.Particular' ‘structural 'differenc'es in sévéral viral proteins and the.5’ and 3" untranslvatAed.
regions betweenv DENV 'genot.)}pes ,have. been found, to Acorrelate. with disease severity

(Leitmeyer, Vaughn et al. 1999) (Mangada and Igarashi 1998).

~ All four DENV serotypes éan cause DHF/DSS but DENV-2 is more frequently a$sociate_d
with DHF/DSS tBalmaseda, Hammond et al. 2006). DENV-4 usually causéd mild clinical

: symﬁtoms but sometimes it can cause severe dengue (Nisalak, Endy et al. 2003). American
gcnoty-pe' DENV-Z'virus;es i;olatedl in the Pacific islands and Venezuela are associafedeith'

~ DHF and DSS,I and the.albsenc'el of DHF and DSS in a Peruvian 'outbreak could be attributed -

| to antibodies from a previbus outbreak caused by DENV-1 (Stephenéon 2005).

1.10.2 Host immune

*Evidence shows that at the defervescent stage, viral load falls abruptly as the fever abates,
aésociated with severe symptoms such as vascular leakage,. hemorrhage, and shock (Vaughn,
Green et al. 2000) (Wang, Chao et al. 2003). This observation suggested that it may be the

host immune response to the virus, rather than the virus itself, that causes the péthology.

1.10.'2.1 Antibody-debendent enhancement -

Antibody-dependent enhancemeﬁt (ADE) is hypothesized to contribute to the pathogenesis of
severe dengue illness, as seroepidemiological sfudies ha.ve identified secondafy infeétion asa.
risk factor. for DHF and have _showfx that the presence of pfe—existing anti-DV antibodies
» correlates with DHF (Bruke, 1988; Halstéad? 1970). Halstead proposéd that dﬁring secondary
DENV infection, the pre;existing DENV anﬁbodies at sub-neutralizing or non-neutralizing
levels to infecting serotype may result in ADE of infeétidn (Halstéad, Lan et a[. 2002).
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The: mechaniSm of action of ADE is thought‘to‘involve formation of cornplexes of DENV -
and pre ex1st1ng, non- neutrahsmg antlbody agamst a dlfferent DENV serotype; these '
'complexes then bmd to Fcle and FcyRII bearmg cells via the Fc pomon of the antlbody '
(thtaua, Kurane et al. 1990). ThlS allows for the mfectlon of greater numbers of cells w_hxch :
cain_ lead,to a greater v_lral loa(l, particularly'early in infection. High viral load duri_ng DENV
infection have been shown to correlate with progressvion to DHF th defervescence (Vaughn,
" Green et al. 2000) (L1braty, Young et al. 2002) J |

The occurrences of DHF during primary DENV infection in the first year of life in chxldren
born to mothers with immunity to DENV, who therefore acquired antibody agamst DENV
_.transplaeentally,v also euppon the idea of an in ‘vivo‘ role for ADE (Kliks, Nimmanitya ef_ al.~
 1988) (Witayathawomwong 2001) (Pancharoen and Thivsyako.rn 2001) (Chay, Guyen et al.
"~ 2008). However, h‘igh 'virennz.\' titers in ‘o_lder‘ _children ‘and edults "v'vith _pﬁmaw‘ DENV.
infections ano in clinically mild secondary DENV inl‘ections indicate that olher'factor's are

 involved (Sudiro, Zivny et al. 2001) (Vaughn, Green et al. 1997).

1.10.2.2 T-cell activation |
'Ex’ces.si\?ev imlnune activation during seCOndary infection has-also been hypothesized to avct.in
~ concert With oth'er risk factors and nromote.the'developmentﬂ of severe 'vascular- leak. In _
par’tic‘ular -the rapid rnobilisation of serotype cross-reactive rnenlory T cells fhat release’
vasodllatory inflammatory molecules has been suggested to explam some "aspects of the .
clinical syndrome (Kurane, Rothman et al. 1994) Accordmgly, relatwely higher frequencws‘
of actlvated cross-reactive-CD8+ T cell (Mongkolsapaya Dejnirattisai et al.. 2003) (ana
Green et al. 2002) and a range of direct and indirect markers of cellular immune activation

have been associated with severe disease during secondary infection (Gagnon, Mori et al.
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| 2002) (Green, PiChyangkul' et al. 1999) (Green; Vaughn et al. .1.999) (Kurane,(Innis _et. ai.-' '

1991). o h o | )
There 1s strong evidence_of T—.cell activation in vivo ’during DENV, infection, and su’ch'. '
| _activation of CD4+ and CD8+ T cells is greateiﬁin patients with DHF than those with the
milder denguefever (Rothman.2003). Studies of the extent of T-cell actiya_tion in children
from. Thailand with DHF/DS.S indicated that'severe disease is associated with high ievels of

T-cell activation accompamed by massive apoptosis (Mongkolsapaya Deerattisal et al..

2003)

1103 Host genetic |
- Observations on dengue 'eniderniology' in the Americas and in Africa suggest the nost genetic .
. inake-up rnay be risk factors fot DHF/DSS. In Haiti, desnite 'hynerendemic transmission of

| ‘dengue 'fever,‘ DHF 1s not ieported. (Halstead, _Streit_et al. 2(_)0‘1). In Africa; w}iere all four
dengue viral serotypes circulate and epidemlcs of dengue fever oceur, few cases. of DHF are' '
seen (Nimmannitya, 2002) Human- genetlc factors have been little studled in DHF A few
studies have looked at the effect of polymorphisms at the major histocompatlblhty complex
-locus on susceptibihty to DHF Loke et al. found that polymorphlsm at the HLA class I loc1 '
was 51gn1ﬁcantly associated w1th DHF disease susceptibility (Loke Bethell et al. 2001).

Another study suggested HLA A*0203 to be associated with less severe. dengue regardless
of the secondary infecting virus serotype. Furthermore, HLA-A*0207 was associated with
DHF in patients having.secondary DENV-1 or DENV-2 infections only. This study also.
suggested HLA-B*51 to be associated with deyelopment of DHF in patients with secondary
’infections, and HLA-B*SZ to be associated with dengue fever in patients with secondary -
DEN-1 and DEN-2 infections. Moreover, after secondary dengue infections HILA-B44, B62,

B76, and B77 appeared to protect against development of disease (Stephens, Klaythong.et al.
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' 2002). Five polymorphic non-HLA host génetic (IL-4, IL-1RA, MBL, VDR, FcyRII) might -

 influence susceptibily to DHF. The'-less frpquént t-allele of a variant at position 352 of the

vitamin D receptor (VDR) gene was associated with resistance to severe dengue.

~ Homozygotes for the arginine variant at position 131 of the FcyRiIA gené, who have less

" capacity to opsonize IgG2 ahtibodies, may also be protected from DHF (Loke, Bethell et al.

2002). -
111 _ Dengﬂe in Vietnam.
DHF ﬁrét occurred in the rainy season of 1963 in South  Vietnam and at the time was a

* leading causé of . hospitalization and death in Vietnamese children (Halsiead Vbulgaropoulos

-~ etal. 1965) The number of DF/DHF cases and case fatahty mortahty rate in South Vletnam _
from 1994 to 2007 1s shown in Figure 1. 2 In 1998, there was a widespread DHF epldemlc _

‘that affected 19 provmces in southern Vietnam. In thlS outbreak, 123,997 cases were repo_rted

to the Dengﬁe Control Program in South Vietham at Pasteur Institute in Ho Chi Minh City.

This epidemic compﬁsed‘ll9,4_29 cases of DHF and 342 deaths (Ha, Tien et al. 2000)

| (Pasteur 2007). The case fatalityArate haé been decreasing from 0.3% in 1998 to 0.09% in’

2007 (Pasteur 2007).

23



Chapter 1: Introduction . Dengue virus infection

Figure 1.2 The number of DF/DHF cases and dengue mortality rate in South Vietnam

from 1994 to 2007 (Data was obtained from Pasteur Institute, HCMC, 2007)
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Figure 1.3 Correlation between death rate and age in DF/DHF cases in southern

Vietnam (Data was obtained from Pasteur Institute, HCMC, 2007)
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From 1987 to 2007, the circulation of DENV serotypes has changed depending on the period
of time. DENV-2 was responsible for the 1987 epidemic. DENV-1 was predominant from
1990 to 1995 but was almost absent by 1999 (Ha, Tien et al. 2000). DENV-1 has recently re-
emerged as the dominant serotype in 2006. DENV-3 was first detected in 1987 only in Ho
Chi Minh City, and by 1991 it was also identified in Tien Giang Provine (Ha, Tien et al.
2000), (Pasteur 2007). In the largest DHF epidemic in Vietnam in 1998, DENV-3 became a
dominant serotype in hospitalizaed dengue cases. From 2002 to 2006, DENV-2 was the
major serotype isolated in hospitalized patients. DENV-4 was dominant from 2001-2002

(Figure 1.4).

Figure 1.4 Dengue cases and prevalence of DENV serotypes in patients in South of

Vietnam. (Data was obtained from Pasteur Institute, HCMC, 2007)
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Chapter 2: Materials and Methods
21 FSerol'ogic:il conﬁrma't_ion‘

2.1.1 Dehgue IgM/Igin capture ELISA for the' detection ef secondary Dkengue iﬁfectien-
Dengue cases were confirmed Via'serological testing of acute and early convalescent phase
plasma with a commercxal capture—;mmunoglobulm ‘M IgM) -and IgG _enzyme-linked
immunosorbent assay (ELISA) (Panblo Brlsbane Austraha) The ELISA was performed and
results were Amterpreted accordmg to the manufacturer’s mstructlons.. Results were
determined >by comparfsbn with IgM and IgG reference sera provided (cut-dff calibrators). A
positive sample was defined '.as having ‘a calibrator absorbance ratio 'greater than 1.0 and a
negative sarﬁple Mth a ratio less than 1.0. Dengue lnfectlon was confirmed by the elevation

of either IgM or IgG

2.1.2 Dengue serologlcal tests (MAC ELISA)

A Japanese encephahtls virus (JEV)/Dengue IgM and IgG ELISA (V enture Technologles '
Sarawak Malay81a) employmg inactivated viral antlgen from DENV1-4 and JEV, was used
to dlscrlmlnate_between DENY—:or IEV-spec1ﬁc IgM_ and IgG responses. The procedures |
were performed' as described previously (Cardosa, Weng et al. 2002). Brieﬂy,"EIeISA plate
-(MaxAisorp, Nunc) wa.s’ coated with 100 pl -per :well of anti-human. IgM (A 0425,
DakoCytomation) or IgG (I 2136, Sigma) with a dilution ratio of 1‘:2000 and'in'c'ubated'v
_ overnight at 4 °C. Plates were then :blocked .withk2.00 ul blocking solution (3% BSA-PBS)
per well and incubated for 2 hours at room temperature (RT). After washing th‘e plates ‘3
times with phosphate buffered saline with 0.05% Tween 20 (PBS-0.0ﬁ%), 100 pl of diluted -
plasma specimens (1:100), positive control .(1‘:100), and negative control (1:100) were added
and incubated fof 2 hours at RT. Specimens wefe added in triplicate for each sami;ie, three

sets of triplicate positive control and at least five sets of triplicate for negative control. After
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washing the plates 5 times with PBS-0.05% T\‘veen 20, 1003u1 of each antigen (DENV,‘JEV,
.a‘nd control) was added to each well and incubated ovemight at4 °C After washing, the plate
was lncubated w1th 100 pl of mouse monoclonal antibodies to DENV and JEV for 1 hour at

room temperature and then detected by 100 pl of ann—mouse Ig Horseradlsh Peroxidase

' (HRP) (DakoCytomatlon) at a dilution ratio of 1'2000 After washmg, the plate was

developed by o-phenylenedrarmne dihydrochloride (OPD) (Sigma) and stopped by 10%
hydrogen peroxrde The optrcal absorbance of the. samples ata wavelength of 490 nm was
" then measured The IgM and IgG posmve control sarnple was a pool of acute plasma from
; dengue patients. The negatrve control sample was a rrnxture of plasma collected from healthy
- Vletnamese donors. Wells with- PBS in place of DENV antlgen were used to define
: 'absorbance background value. The cut-off value ‘was deﬁn_ed as being 5 times higher than the

- mean OD of negative control samples after the subtraction of background OD.

: A diagnosis of conﬁrmed dengue_was:made if there was“ evidence of rising IgM titres to
DENV antigen in paired plasma. specimens. and the response to DENV antigen was’ g‘reater
‘ than to JEV antigen A determination of primary dengue in patients'vvas made if IgM levels
'exceeded IgG levels at the time of dlscharge from the hospital. Conversely, a deterrrunatlon |
of secondary dengue was made if there was detectable IgG response in panents at thet1me of

4 both hospltal admission and dlscharge
2.2 _RNA extraction and dengue viral PCR

- 2.2.1 RNA isolation

"DENV RNA was isolated from plasma’.by'the Boom method (Boom, Sol et al. 1990).

Reagents for Boom extraction were repaired as following and stored in dark.
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°. LI6 lYSié buffer was'madevby adding 120 g of guanidinium isothiocyanate to 100 mL
of 0.1 MTrls/HCl (pHof64)and22mLof02MEDTApH 8.0, and26gofTr1ton :

' _XlOO and then stirred ovemight in the dark to dissolve. -

o L2 buffer was made by adding 120 gof guanidinium isothiocyanate to 100 mL of 0.1

M Tris/HCI pH 6.4 and then stirred overnight in the dark to dissolve.

. Size-fractionated silica particles were made by adding 60 g of silic'on dioxide to 500
mL of distilled water in a measurmg cylinder and allowed to- equllibrate for 24 hours
at room temperature. A 430 mL of supematant was discarded and solids were re-
suspended in 500 mL of distilled water and allowed to equihbrate again at RT for 5
hours A 440 mL of supernatant was discarded and then added 600 ul of concentrated

HCI (pH of 2 0) and aliquoted into 1.5 mL volumes

In each sample, a standard amount of Equine Aiten'tis Virus (EAV) was used as an internal
control on extractlon and the. PCR process. Bneﬂy, for RNA extraction usmg the Boom .
method 50 to 200 ul of plasma was added to a tube containmg 1 mL of L6 lysis buffer and -
20 ulofa suspensnon of Size—fractionated silica particles; the mixture is then bneﬂy vortexed.
After inc_ub.ation for 10 minute‘s (min) at RT, the tube was vortexed for 5 seconds ‘and
centrifuged for 1 min at 13,000 x G. The supernanant was then discatded and 1 mL.of
| washing buffer L2 was added to the silica-nucleic acid complex, vortexed at 5 eec lelov\led
| by two washes with buft‘er L2 (1 min at 13,005;c G), two washes with 70% (vol/vol) ethanol,
and finally one wash with 1 mL of acetone (Merck). After disposal of the. acetone, the tube
 was dried at 56 °C with open lid in a heating block for 10 min. The pellet was re-suspended'
in 100 pl of 1 x TE buffer, vo,itexed for 5 seconds; and left at 56 °C for 1’0 min to elute the
nucleic acids. After incubation, it was. vortexed again and centn'fuged for 2. min at 13,000 x

- G. Only 70 pl of the supernatant containing viral RNA were gently pipetted to a new 0.5 mL
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eppendorf to avoid. dlsturbmg the pellet In most cases, RNA was lmmedlately used for o
: synthe51s of complementary DNA (cDNA) otherwxse the RNA was stored at negatlve 80 °’C

untll used

2.2.2 ¢DNA synthes:s

cDNA was generated from viral RNA by usmg‘Random hexamers (Roche Lews, UK) and
Superscrlpt III reverse transcnptase (Inv1trogen) A mixture of 8 ul of RNA 1 ul of 100
| ng/ul random hexamers 04 mM dNTPs (Roche, Lews UK) and sterile dlStllled HZO
adjust_ed up to 13 pl was incubated at 65 °C for 5 min and immediately chilled on ice fo_r at.
| least 1 min. A mi:xture of 4 ul of 5x Fi'rst-strand. buffer (Inuitrogene), _.'_)_,5 deithiothreitol '
‘(DTVT)‘ (Invitrogene), 16 units of Rnase: Inhil)itor (Invittoge_ne) and 4I) units of SuperScript III
~RT (Invitrogene) adjusted with sterile distilled H,O to make up a reverse transcrintion_ :
Teaction volume of 20 pl. The content tvas rnlxed by"gentle -pipetting up and down then
mcubated at 25°C for 10 min followed at 48 °C for 30 min, then 95°C for 5 min. The resultmg _

: cDNA was used as template in the subsequent PCR reaction.

2. 2 3 SYBR Green RT-PCR dengue screenmg

Dengue virus genomic matenal was detected by RT-PCR usmg a range of approaches In
. some expenments a dengue virus complex—spec1ﬁc assay was used. Brleﬂy, 4 ul of cDNA
were used astemplate in a fluorogenic PCR in 20 pl of a reaction mixture contammg 1.25%
'HotstarTaq buffer (pH 8.7), l.2nlM MgClé? 0.4mM dNTP, 0.625x SYBR Green, 0.02 uM
FC .one unit HotstarTaq (Qiagen) and 0.8 uM of each forward and reverse primer. Dengue ’
group pnmers were as descrlbed by Shu et al. with minor modlﬁcatxon (mosmes instead of
degenerate positions) (Shu, Chang et al 2003) Sequences of forward and reverse primers

Wwere:
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5’-CAATATGCTGAAACGCGiGAGAAA-3’: .fo'rvs}ard:primer (nucleotide position. .
13s-158) . LT
5’-CCCCATCTiiYCAiiATYCCTGCTGT—3v’:v réverse primer (nucleotide - position . .

"After pré-treatment at-95 °C for 15 miﬁ, rea‘ction.mixturesv were subjeét_ed to 45‘cyc'les of
degaturaﬁdn at 95 °C for 20‘ se%:onds (s), anneéling at 55 °C ‘,fobr 30 s and exfgnSion z;t 72 °C
for 30 s; and‘pr>od.uct melt.at' 83 .°C.for. l.O.s. Th¢ P'CR- prodﬁct was 176 bp »ih'length.
Following ampliﬁcation, a meltiﬂg curve énalysis was perfénnéd to ve;ify the correct product
by the specific melting temperaﬁne (Tm = 83°.C). Meliing curVé anal};sis wés comprised of a -

. '_den_avturatio_n at 95 ;’C' for 1 min, lowered to 66 °C for 10 min, and followed by 70 cycles of
i'qcubati‘o‘nl iﬁ v\;hich the set point :temp.erature was increaséd to 95 °C at a rate of 0.5°C /10 -

s/cyclé with continuous reading of fluorescence.

| 2.2.4 Dengue serofyping by quManreal ti_mé RT-PCR
We used a serotype-spéqiﬁc, ﬂuorogenic r.eaiftime RT-PCR éssay to measure dengué 3
'viljaemia I;Vels in’ plééma. TheA dengpe-speciﬁc primers and. probes .w'ere adapted -'fr.om
previous]y pﬁblisﬁed sequences -and are ‘summarized in: _'fablé 2.1 and Tabie"2.2 (Laue,.
" Emmerich ef al. 1995). Hdtsfar Téq polymerase was usg:d in all ass'ay§ (Qiagen,‘ USA).' PCR
conditions \‘Nere-95 °C for 14 mins fhen. 95 °C for 30 s, 60 °C for 30 s; and 72 °C‘for 30 s for
45 cycles.., Liﬁéariséd plasmids in which the'target'ampl.icon_had been cloned were used to
‘generate a standard curve against which Ct values derived from test Vsamples. were compared.
Results were exp?essed as cDNA equivalents per milliliter ’of blasma. For DENVI, DENV2>
and DENV3, the detection lirﬁit was 1 cop_y' pef reaction. For DENV4, the detection limit was _
10 copies per reaction. All reac;,tions weré perfofmed in‘dUplicate énd sample r;leasuréments

were only valid when positivé and negative control samples were valid.
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Table 21DENV and EAV specific primer seqd_ence '

‘Forward primer sequence (5>-3°) | Position | Reverse primer sequence (5°-3°) | Position

D1 ATCCATGCCCACCAYCAATG 9960-9980 | CAGGGATCCACACCAYTGATC | 10100-10121

| ACAAGTCGAACAACCTGGTCC | - A T . _ '
D2 _ . © | 9938-9941 | GCCGCACCATTGGTCTTCTC | 10095-10115
AT : S .

D3 TTTCTGCTCCCACCACTTTCAT | 9719-9741 | TGGCGTTGGATGCYAGTCT 9915-9934

D4 | GYGTGGTGAAGCCYCTRGAT | 9587-9607 AGTGARCGGCCATCCTTCAT 9744-9764

EAV CATCTCTTGCTTTGCTCCTTAG 1847-1869 | AGCCGCACCTTCACATTG . 1962-1980

. Table 2.2 DENV and EAV specific probe sequghcé

Sequence . . . ‘ o - _ | Position
5'(Familusi, Moore et al)- TCAGTGTGGAATAGGGTTTGGATAGAGGAA-
D1 : . ) .| 10002-10032
3(TAMRA) . :
D2 5'(Familusi, Moore et al)- GTTTTGTCTTCCATCCA (BHQ-1)- 3' : 10038-10055 -
: 5'(f' amilusi, Moore et al)- AAGAAAGTTGGTAGTTCCCTGCAGACCCCA-
1.D3 ' 3 . : 9761-9791
3'(TAMRA)
S'(Familusi, Moore ‘et al)- ACTTCCCTCCTCTTYTTGAACGACATGGGA- i
D4 o Co ' 9612-9642
3'(TAMRA) ’
5'(CyS)- + CGCGCTCGCTGTCAGAACAACATTATTGCCCACAGCGCG |
EAV R : . 1888-1927
(BHQ3)- 3'
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2.3 DNA extraction for human leukoeyte antigen - sequence specificpri’m.ers (HLA-
SSP) PCR o ” -
DNA extraction frorn blood sanrples was p'erformed"usinga commercial DNA er(traction kit
- (Nucleon; Amersham Biosciences, UK) aecording to niannfaeturers’ instructions. Briefly, the -
blood pellet was re-suspended in red cell lysis huffer,'reagent A (10 mM Tris-HC], 320 mM
surose, 5 va MgClz, 1% .Triton-Xl'OO, pH of 8.0), with a ratio of 1:4. The nucleated cells
| .were pelleted after a 10-minute c_enn’i_fngation at 1300 x G. The cell pellet was re-suspended
and lysed m 350 ul of reagent B’ (40 mM Tris;HCL, tSO mM ED"l"A, 1>50 mM NaCl, l% SDS,
PH of 8.0), and incubated for 10 min at 37°C. Then the cell lysate was rmxed with 100 p.]. .
_ ,sodrum perchlorate followed by 600 pl -of chloroform The tube was mixed by hand and |
- inverted at. least seven tlmes Without remixing the phase 150 pl of nucleon resin was added
.'to the. tube and centnfuged at 3‘5‘0 x .G for one minute. Without dlsturbing the nucleon resin
-:layer the 'upper phase was transferred .to a new tube. l\Iext two volumes. of ‘cold absolute
ethanol was added and mixed by mversmn untll the precrpltate appeared The tube was
centrrfuged at’ top speed for ﬁve mmutes to pellet the DNA, and the supernatant was
: discarded. The pellet was. washed with 1 mL of cold_.70% ethanol, re-centrifuged, and the
supernatant was discarded. "l"he pellet -vwas dried for.10 minutes before. dissolving in an

appropriate volume of water or TE buffer.
" 2.4 DNA measurement by PicoGreen assays

" In this 'study, all genomic DNA concentrations were quantit'led using PicoGreen. PicoGreen
is an.nltra-sensitlve .ﬂuorescent nttcleic acid stain for quantifying double-stranded DNA
"(dsDNA). DNA concentration determinations were 4performed_ according the Iman_ufacturer’s
instructions in MicroAmp Optical 96-well plates (Costar, Corning Incoporated, USA) and
nsing a fluorescent microplate reader‘at 485/535 nm (GENios or SPECTRAFluor Plus,
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TECAN, United States). Each plate contained a duplicate set of lambda DNA standards
ranging from 0 to 800 ng/ml. Each sample was assayed in duplicate. The level of
fluorescence in each well was measured and the concentration of each sample was then
calculated based on the standard curve on a Microsoft Excel spread sheet or was
automatically calculated by the reader software. If the standard curve was not linear, the

process was repeated (Figure 2.1).

10000 PG Standard Curve (0 - IOOOng/ml)

N =—

1000

100
0.01 0.1

Concentration [ug/ml]

stl. curve 030304: lg(y)= 0.90034 *1g(x)44.0639 d = 145.5 r=0.99889

Figure 2.1 The standard curve for estimation of DNA concentration. Red tine indicates
the DNA standard curve. Y-axis corresponds to logarithm of fluorescent intensity. X-

axis corresponds to DNA concentration.
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i 2.5PCR using Sequedee-Speeiilc Ilrimers'(l’tR-S_SP) for HLA typing

Typing:of HLA ela'ss .'I‘a.nd elaoo' II al‘leles was performed usmg ‘the ampliﬁcatioh reﬁactory
Vrrlutation syetem PCR (ARMS-PCR)_with sec.lue"nce specific primers as _deacribed previo_usly
j(Bun.ce,. O'Neill et al. 1995){ One hundred and ninety two l’CR b‘rea'ctions‘were performed to
“ genotype HLA-A" B. Cvn; DRBl and DQBl' alleles was performed vusing 96-well
polycarbonate plates - (Thermo Fast 96 Low proﬁle ABgene UK) and a Peltler thermal
cycler: machme (DNA Engme Tetrad 2, BIO-RAD) Each well of a 96-well PCR plate
_ contamed a umque set of allele specrﬁc PCR-prlrners and a set of internal control pnmers
_(ampllfymg a conserved reglon from the third 1ntron of the HLA- DRBl locus) PCR cychng

condmons are hsted in Table 2 3

Table 2.3 PCR cycling condltions for PCR-SSP -

Stage ‘ .Cycling condition . . o No. of cyeles
1 . 96 °C- 1 minute B : 1

2 96°c-vzos,'7o°c-45s',v72°c-_2-5's- s

3. .96°CA- 25's, 65°c‘-50,§, 72°c-'3bs o 21

4 '96A'°C-,3>0‘s, 55°C- 60, 72°c-9o_s' 4
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Each PCR reaction was camed out in 13 el volume contammg pnmers (1 4 uM for allele-
spec1ﬁc primers and 0.1 uM for DRBl control pnmers) PCR buffer (6 mM MgCl,, 1. 63x _
buffer, 0.3 mM dNTP, 0.45M Betaine). BIOTAQT-M polymerase (Bioline) was used for the‘se' -

"PCR reactions. :

PCR products were visualized using 2% Ethidium léromide (EtBr) stained agarosefI‘BlE gel »
(Tris/borate/EDTA buffer: 89 mM Tris base, 89 mM. boric acid, 2 mM EDTA). Tbe presence
of an allele is defined as when the allele-specific PCR broduct 1s presentand negative when
- only the internal control product is vpresent.v 192 PCR reaction was performed to genotype
HLA-A, B, Cw, .DRBl and DQ'BI. alleles. Primer pairs-and the HLA. class I and class II -

alleles they detected are listed in Appendix 1.

The frequency (f) of HLA class I and II antlgens was determmed by the formula f = n/N,
where n is the number of individuals that are posmve for a part1cu1ar HLA . (exther

- heterozygotes or. homozygotes) and N the number of individuals tested.
2.6 Separation of peripheral blood mononuclear cells from peripheral blood

. 2.6. 1 The Ficoll method

APenpheral blood mononuclear cells (PBMCs) were separated usmg Lymphoprep (Ax1s-
Shreld Poc AS; Oslo, Norway) Inmally, Lymphoprep was placed in a 50 mL Falcon tube.
" Then whole blood was added to the Lymphoprep ata 1:1 ratlo and centrifuged at 3000_
revolutions per minutes (rpm)'for 20 to 25 rninutes at room_ temperature with no brake. After
N centn'ﬁgation, the. translucent interface layer (the PBMCs layer) was transferred into other
another 50 mL tube. l’BMCs were washed twice with RPMI or PBS+3% heat-inactivated
FCS. PBMCs were re-suspended in cRPMI (RPMI 1640 medium conta_im'ng 10% HI-FCS, 2

. mM L-glutamine, 100 ug/ml Streptomycin, 100 U Penicillin) for direct use in enzyme-linked
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| 1mmunospot (ELISPOT) assay. PBMCs were also cryopreserved in HI- FCS contalnmg 10% .

' drmethyl sulfoxrde (DMSO) and placed in llqurd nltrogen contalner for future use.

2.6.2 ‘,"CPT Vacutainer method o |

Peripheral blood was collected mto CPT Vacutainer tubes- (Becton Dicl(inson) containing
' sodium heparin. The tubes vl/ere centrifuged in a swing-out centrifuge at 30_00 rpm for 20
minutes at room temperature with nobr‘ake PBMCs and plasma remained above the gel The
PBMCs were transferred-into a F alcon tube then washed once with RPMI contammg 1% FCS

and used dlrectly or cryopreserved as described above
2.7 Counting PBMCs for Elisp()t Assay and CryopreserVatiOn
' 'PBMCs were separated from penpheral blood and counted before cryopreservatron or use 1nv
Ellspot assays Trypan blue (final concentratlon 0. 36%) was used to drscrrmmate dead from
* viable cells. An aliquot of diluted PBMC in Trypan blue were enume_rated on KOVA® glastic “ .

* slides with standard grids (Hycor Biomedical, UK).
o 2.8 Cryopreservation of PBMCs -

PBMC were cryopreser;/ed at a Vcell concentratlon of 5x 10%to 10 x 106 r/iable cells per -
milliliter in freezing medium (HI-FCS + 10% DMSO)' and aliquoted to cryovi‘als (Coming

| InCorporated, CORNING, Mexico). The cryovials were immedlately placed in a slow-freeze
- container (NALGENETM Cryo 1°C Freezing Container USA) which was then placed ina-70
°C freezer for 4 to 24 hours After 4 to 24 hours, the cryovials were transferred into a llquld'
mtrogen—rated box and placed mto the vapor phase of hqurd nrtrogen (- 135°C) containers for

long-terrn storage.
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* 2.9 Thawing of cryopreserved PBMCs
Cryo_vials containing frozen PBMCsAwere removed from liquid nitrogen storage and placed in_
‘a 37 °C water bath untrl the majorrty of the suspens1on had thawed The suspenswn was then -

jtransferred to a 15 mL centrrfuge tube containing 5 mL of chilled ¢cRPMI medrum The |

thawed cells then were washed and counted as descnbed in section 2.7.
210 Peptides for IFNy ELISPOT assay

We designed 260 peptides spanning the structural antige_ns (capsid, preM/M, and Env) and
'nonstruct'ural viral antigen's (NS3 and NS4a) from a dengue virus serotype 2 sequence (strain

16681) Peptrdes were synthesized by standard solld-phase 9-fluorenylmethoxy carbonyl 4

Vchemrstry Punty ranged from 30 to 90% as determmed by hlgh-performance hqurd‘ .

chromatography Peptldes consrsted of 220 15mers and 40 20mers pept1de All peptrdes :

overlapped by 10 amino acrds The sequences of peptrdes are shown m Appendlx 3.
2.11 - IFNy ELISPOT assay

| lhe IFNy ‘EI;ISPOT assay was performed va_c.c_ording to the 5manufacturer’s’ instru_ctr'ons_

o (Mabtech AB, Stockholrn, Sweden). The 96-well polyvinylidene diﬂvuori'de (PVDF)—backed- '
plates (MAIP, Millipore, USA) were coated with coating antibody 1-D1K (50 ul at 15 ul/ml),
ineubated at room temperatur'e for 2 hours or overnight at 4 .°C The wells were then ‘washed
twice with 200 ul of sterile PBS followed by blocking with 100 pl of cRPMI for at least one
hour at room temperature PBMC samples (1 x 10° to 3 x 10° cells/well) were strmulated with
| individual peptrdes or peptrde pools. _Indrvrdual peptides were used at a ﬁnal concentration of
. 2 pg/mL. Peptide pools were used at a final concentration of 5 pg/mL forveach peptide. Two -

hundred and sixty peptides were arranged into a matrix of 32 peptidepools containing 16
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| individual peptides. Each peptide was pheseht in two different pools. A peptide was identiﬁed‘
as evoking a response in Vthe IFNy ELISPCST»assay as it drove a response in two differeht‘ v
pools. In’ every pomhve case, peptldes 1dent1f ed as being antlgemc in this manner were _
retested as individual peptldes Thus each positive response was confirmed twwe first in the
matrix pools then in conﬁrmatory_ 1nd1v1dual assays. PBMCs were mcuhated overnight with

peptides at 37 °C in a humidified ineubator,containirig 5% CO; in air.

3 After overnighf incubation? wells were evashed twice with‘PBS cohtaining 0.05% Tween 20 .
(Sigma) to remov.e. cells and. media. Next, detection monocional ahtibody, ‘7-86.-1-b'iotin (50
| v iil at 1 pg/ml Mabtech Swedeh) was added to each well fof 2 hours at 37 °C. The wells wehe ‘
. washed again twice with PBS contammg 0. 05% Tween 20 before mcubatlng w1th 50 ul of
' streptavxdm-alkalme phosphate (1 ug/ml Mabtech Sweden) for one hour at 37 °C After
washmg agam twice with PBS 0. 05%, streptav1dme-alkalme phosphate conjugate (Mabtech)
was added at a dilution of 1: 1000 in PBS to v1suahze the spot-fonmng cells The number of
' spot-fomung units (SFU) in each well was counted with the a1d of a dissecting m;croscope ‘-
and the:‘ hackg'round_ (no antigeh : stimulatioh) was subtracted. ~ For each assay, the L

_ phytohemagglutinin ’(Sigma, Poole, UK) was used as the positive control.
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Elispot wells are pre-coated with anu-IFNy antibody ilgi
Y N Y Ig bound to nitrocellulose

Transfer of T cells to Elispot plate
v

"X * Tcells
%\ %

k T cells tat known concentration) were stimulated with
I Y Y Y specific antigen before transfer to Elispot plate

Incubation of cells,

secretion of cytokine

YY. Y

W ashing off of cells;

4 coating plates with secomlary aitlilxHIly

Streptavrdinc - alkaline phosphate
(enzyme -coupled secondary arttidiHly 1binds to IFNy

W ashing of plate;

v addition ot substrate

Insoluble coloured product

Scoring of positive ‘spots" under microscope

Figure 2.2 Elispot assay to quantify secretion of cytokines by T lymphocytes

40



Chapter 2. Materials and Methods

‘. 212 Cl)‘4‘_‘ and CD.8+' T cell depletlons

. CD4" and CD8" T cells were depleted from PBMCis using anti-CD4 or anti-CDS8 antibody;
cOated _immunoma‘gneticvbeads (bynal, Qslo? Norway).-'The'PlBMcs. were-_inCubated with the
appropriate immunomagnetic beads in 0.5 mL of cRPMI, at a ratio of ﬁve_beads per cell, at4
°C for 30 minutes with gentle‘ mixing. Cells attached ‘t0' immunornagnetlc beads were
rem0ved using magnetic r)article concentrator (Dynal); and the remaining‘cells.were collected
‘for further analysis..F lowcytometry' anal_ysis lndicated this approach routinely achieved over

95%‘ depletion of the target cells. -

2‘.13 . Cytotorricity‘ assay ,

. T—cell llnes were generated by pulsmg 2x lO6 PBMCs with 100 pM of Envai4422 peptide for
V_one hour. Cells were cultured in cRPMI supplemented with 25 ng of IL 7/mL for 3 days
Thereafter 100 U of IL—2/mL was added every 3 to 4 days After 14 days, cells were‘
- harvested and used as effectors i in-a 51-chrom1um (Cr)-labeled release assay. Target cells in.
the chromium release assay consrsted of a 51- Cr—labeled B-cell line (BCL) that was HLA
‘ matched wrth effectors only. at the B*07 locus The BCL was pulsed for 1 hour wrth theﬂ.'
EnV4414_4,22 peptide, Washed, and. a_llquoted in rmcrotlter plates (5,000cells/well). Then effector
- cells were'added ina range of effectorfto-tmget ratios. v |

" Un-pulsed cells- were used as negative controls. The 51‘-cr release was calculated from the
following equation: |

Cr. -Cr
C == exp spon 100%
Cr_ -Cr_ .

max spon
([experimental release spontaneous release)/[maximum release spontaneous release]) x

- 100%.

Nonspecific killing of un-pulsed target cells.was subtracted from that of pulsed target cells.
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214 Reagents and monoclonal antlbodles for CD8 T cell phenotype

Cell phenotype for T cell activation was determlned by cell surface and mtracellular stammg

© . Cell surface staining was routmely performed on- 100 uL of fresh whole blood The mouse

'antl-human surface monoclonal antlbodles (mAbs) used in thls study mcluded APC—~
: conjugated ant1-CD3, PE—conJugated ant1-CD8, PE-Cy?-conJugated ant1-CD38, and PerCP-
v conjugated antl-HLA-DR Intracellular stammg marker used FITC-conjugate ant1-K1 67 All
antxbodles were purchased from Becton Dickinson, CA, USA. Data acqulsmon was
: .performed on a BD FACS Canto II ﬂow cytometer (Becton Dickinson, San Drego, CA,

USA). The data analysrs was usmg FlowJo software (Tree Star, Inc OR USA)
215 MHC‘tetramers and FACS analysis

Tetramer were prepare as described pre\}iously ,(Altman, Moss et al'. ]99‘6)‘. ‘Brieﬂy', the
recor_nbinantv HLA-A*l ll)l h'eayy chain contains the BirA-recognition site, v&rhich has heen
incorporated into the. carboxyl terminus of the MHC molecule The monomer adopts an
appropriate conformatlon followmg the addmon of B2 rmcroglobulln (ﬁzm) and synthetic
| peptlde (NS3 133-142 pept1de) Then the enzyme B1rA is used to attach a blotm molecule to
~ the specific B1rA-recogmtlon sequence. Four"MHC-blotln complexes are link to a single
‘ streptavidin molecule, using the spéclﬁc biotin';avidin interaction, to form' a.tetrame_r. The

o streptavidin molecule here is tagged With phycoerythrin ﬂuorochrome.

HLA*A-I 101 MHC class I tetramers containing the NS3i33.142 epitope from all four DENV
serotypes were synthesized as previously described (Mongkol.sapaya,‘ Dejnirattisai et al.
2003). Thevfour tetramers (DVINS333.142 _GTSGSPIVNR, DVZ.INS313§-;42 GTSGSP'IIDK,
DV2.2NS333.147 GTSGSPIVDK, DV3-4NS313$.142 GTSGSPIINR) were pooled at equal

concentrations and used to stain fresh whole blood. Briefly, whole blood was stained with
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- pooled PE-labeled NS31 33;142 feﬁameré at 37°C for 30 miﬁ in the dérk and then for'svurfacév

makér§ at 37 °C for 15 min by addition of AP_C-conjugaféd anti-CD8 Ab Stained blood were R

then lysed, washed, fixed, and_énalyzed by flow cytometry.
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Chapter 3: Genetic susceptibility to DHF/DSS — HLA class I and II alleles
31 Genetic susceptibility to infectious Hi_sease 3

The :intéraction between the r_nig:robe, the host and the §nvironmenf_is a major selective force
in evolution. Interest in the role that ho‘st genetic variation_ plays in susceptibility to infection
has occurfed from both the individual seVgrity .of diseas¢ and. its progréssion, as well as
infecfiﬁn rate at a pépulation levei. Genetic associations might therefore proVide answers to
_fundamentél questions about the _pathogen_esis of an organism and the host fésponsé; .'The bést ,
known example y‘of éuch, genetically determined faqfors is found in malaria and -
: hzier_ndglobinbpathy_4('H‘ill,v'Bennét’t et al. 1992). For exampl>e,}heter‘ozygosit‘y for s‘ickle cell

“haemoglobin is strongly associated with protection against death and severe disease. -

Ti_w outcome of ii.nfe'ctiorvvl ‘With  several Vdiseases: su"ch as tuberculosis '_and‘ humaﬁ
' innnunoc.ieﬂcienc:y-yi.rus (HIV) v'vas.su.bseqliently cofrelated with polymorphiéms in some
host génés (Hill 19.96). Addifiqnal evidence 6f thé seléctive génctib pressul;e. of infectioiis
agents can be demons&étéd by the highef level Qf polyrh.orphis'.ms seen in the human
leukocyte antigen (HLA) ‘reg.ion wﬁen compared With other regions in the human genome.
Positive and i}egatiifé genétic as‘soc‘iatfons between pénicular'HLA»vériants and a vériety of
major infectious diéeases, such as HIV/AIDS,. hepatitis, leprosy, tuberculosis, V‘malaria', :
leishmaniasis, and schistosomiasis havé beeﬁ feported to include _(rc\;ieWed in Blackwell,

2009).
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32 j Ciisé and control studies for studying geneﬁc susceptibility to infectious disease -

There are t\;vo main approaches to deter.mine' tl'le.l con_fributiqn' of genee te _di_séas’e. '
" suseepﬁbility, i_nVolving either linkage or associatiqn studies',' or both. While linkage studiesh .
~ can -only use fanlilial d‘a.ta,: association studies can be famil.y or case-contrql based. The. '
collection of case-control series is often evasier'th'an multi—cese families. Case-contr‘ol studies .
need to be well-matched in'terms of ethnieity (genetic backgroundj ‘and. enviromnentﬁl.
Matehing for-'age and sex is less imnonant as allele freﬁuencies seldom differ between sexes -
“nor change w1th a.ge.. A further adv'antege of tne case-control study is thaf the completion time
for the study is rela‘tiv‘e].y éhort,_ eﬁ%i_mnlti-risk faetbr can be cornpared in the same study .
popnlation. However, _1arge eample sizes ere usuaily required qu ‘these Smdies sO Fhat'
sufficient nower is .obfained to detect'effects m the order of two;fold change in risk. B
Mereover,. th'e.results do not provide direet ﬁfor@etion a‘nout the mechanism c_)_f diseaee risk;

it only provides an estimate of relative risk.

' To.'-determine if a gene is a .C‘ontn'B.uting 'risk fac.tor. te' the disease p.henotype, its. o
pelymomhiSrns are'exarnined for'assoeia'tionvin case-eontfol studies. Signiﬁcant differences '
-between genotype frequencies in the eases and centrels nnght suggest a role for genetic
factors in disease outcor_ne-. In the simplest form, the ass'ociatien.be.tween a partienlar risk
factor and the disease outcome can ne assessed us‘ing a 2x2 contingency table (¢ test of
‘association). The Odds Ratio (OR.)A is the ratio of odds of disease emong people with the fisk J

factor to the odds of disease among people »wi.thoutlth_e risk factor.
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3.3 Studies of,Genetie influences on Dengue Vi’_rus infections

' Central in the pathogenesm of DHF and DSS is the loss of endothehal mtegnty that is
~ believed to be the result of an “abnormal” immune response and a dlsturbance in 1mmune :
regulatlon. There are several possxble reasons why some infected individuals might produce a

greater inﬂammatory response than others. Retrospective analysis of the Cuban epidemic of

. dengue hemorrhagic fever in 1981 suggested that those of Afncan descent were hospltahzed

~ less frequently thh DHF and DSS than those of European descent (Kouri, Guzman et al
1989). In addition, desptte the hyperendemlc transmission of multiple DENV serotypes in the
Haman populatlon neither DHF/DSS outbreaks nor sporadlc cases has been reported

(Halstead Streit et al. 2001). The results of these studles suggest that human genetlc factors

may mﬂuence susceptlblhty to ‘DHF. Several studles have conﬁrmed that some genetlc _ -

' olymorphlsms may protect or predlspose an md1v1dua1 to DHF or DSS
34 HLA andvdengue :

One of the functions of the ':hurnan- leukocyte 'antigens (HLAs), encoded by the 'major
E histocompatibility eomplex (MHC)_ and whose_genes are onchromosome 6, .is to display
anttgenic peptides to re.ceptors‘on host T;tymphocytes in order to activate cellular host
immune resoonses. HLA genes 'show great yariability_and specific polymorphi's_ms:seen in
human HLA gene regions inﬂuence peptide epitope binding (Cooke and Hill 20t)1). Several -
studies have looked at the variation in the HLA genes and found'some of them to be

associated with the severity'of dengue virus infection (Table 3.1).
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fTal.)_le 3.1 Summary of associations between human leukocyte antigen class Iand X

* alleles and DF/DHF
' Class - Allele Population - Type of . - Refefence_
' : ‘ association®
" Class I Al . Cubans- - (Paradba Perez, Trujillo et al. 1987)
' A2 Thai - (Stephens, ‘Klaythong et-al. 2002)
A*0203 "Thai T+ (Stephehs, Klaythong et al. 2002)
- A*0207 Thai - ' (Stephens, Klaythong et al. 2002)
A24 Vietnamese —  (Loke, Bethell et al. 2001)
' Vietnamese - (Nguyen, Kikuchi et al. 2008)
A29 " Cubans . (Paradoa'Perez,.- Trujillo et al. 198_7) '
" A33 Vietnamese (Loke, Bethell et al. 2001) - |
B blank Thai - - (Chiewsilp, Scott et al. 1981)
I 'Cubans - (Paradoa Perez, Trujillo et al. 1987) N
B13 Thai + . (Chiewsilp, Scottetal. 1981)
. Bl4 Cubans - + ' (Paradoa Perez, Trujillo et al. 1987)
'BI5 Cubans - . (Sierra, Alegre et al._2007‘)-
B31 »Clibans » - '(Sierra,'Alegre et al. 2007)
B44 Thai' o + (Stephehs, Klaythong et al. 2002)
B46 - Thai - - (Stephens, Klaythong et al. 2002) -
BSI . Thai - (Stephens, Klaythong et al. 2002)
B52 Thai + (Stephens, Klaythong et al. 2002)
B62 Thai S+ (Stephens, Klaythong et al. 2002)
B76 Thai + (Stephens, Klaythong et al. 2002)
B77 Thai + _(Stephens, Klaythong-et al. 2002)
Class Ii DRB1*04  Cubans + (Sierra, Alegre et al. 2007)
Mexicans + (LaFleur, Granados et al. 2002)
DRBI*07  Cubans + (Sierra, Alegre et al. 2007)
DRB1*0901 Vietnamese + (Nguyen, Kikuchi et al. 2008)
DQ1 ~ Brazil - (Polizel, Bueno et al. 2004)
Brazil -

DR1?

(Polizel, Bueno et al. 2004)

? +, protection against DF/DHF; -, suscep'tibility to DF/DHF
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| 3 41 HLA cless Iand denéue ‘ |

The HLA class I reglon can be dlulded mto elght exons encodmg the dlfferent domams and

' . three md1v1dual loci, HLAA -B, C -E, -F, —G (F1g11re 3. 1) HLAB is the most
vpolymorphlc followed by HLA A, and HLA-C (Steven G E. Marsh 2000) Each 1nd1v1dual
expresses up to two <alleles for each locus. Alleles at each of these loc1 are related'
phylogenetically and can be separated into families. .H'LA class I products have wicle
distribution and are present on the surface of all nucleated cells and on platelets. Antlgens '
assocmtted with HLA class I products will interact with CD8" T cells during an 1mmune

] response.

. == classliregion = €= c]asslllregion - — class I region ———)

D

DP|DM|DQ DR ' complemenl ‘

I I I l CaBiC? ” I
g 1]

a— > '
— ‘
———— - .

<« centromere relative position (megabases) . telormere —>

- Figure 4.1 Simplified map of the HLA complex (Steven G.E. Marsh 2000)
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Chiewlip ét al. was the first to report an association between HLA cleiss I and the seye‘ri'ty'.of
i ““derigue _virus ihfe}ction :(Chiewsilp, Scott et al. 'l981).vahe‘ frequency of the HLA '.typés‘ .in
uhrelated Thai children who had (_:linical DHF/DSS deviated ﬁ'QI‘ll those of coritrols, with p <
0.05, for six antigens: HLA-A1, HLA-A2, HLA—AQ, HLA-BI3, HLA-BI7, and HLA-B.
Later, a study m Cuban patients who had been hospitalized with DHF/DSS‘ also_’ showed a
signiﬁcaht differsnce in the frequency of HLA antigeris when compared with a control group
(Paradoa Perez, Trujillo et al. 1987). This Cuban study reported that HLA-A29 was
associated with protection agamst DHF whereas HLA Al and HLA- Cwl were associated

-with susceptibility to DHF.

Sub‘sequentl'y, a largeir case control study in Vietnamesé demonsttatg:cl that polymcifphi‘sm.s in

the HLA class I region, barticularly of the HLA-A gerie ‘were sighiﬁcantly éSsociated with

.susceptibihty to DHF (Loke Bethell et al 2001) Of the 26 alleles of HLA class I and II
stud1ed two particular alleles were . relevant patients with HLA-A33 were less likely to.
. develop DHF (P = 0.01; odds ratio', 0.5‘6; 95% conﬁdence interval, 0.34-0.9‘3)7 whereas those
with’ HLA-A24 allele were at an increased risk to dévqlop DHF (p = 0.02; odds rati(.),fl'.54;
95% confidence interval, 1.05-2.25).'HLA-B_ alleles were not associated with DHF disease

susceptibility.

Another case'-control study, in Thai children, suggested that the HLA-AZ locus sero_tyhe was
associated with disease susceptibility (Stephens, Klaythong et al. 2002). HLA-A*0203 was
increased. in all DF.patients with secondary infections when compared with either thé csntrhl
or DHF with secondary infections. In this stiidy, HLA-A*0207 was associatcd with
susceptibility‘ to the more severe DHF in patients with secondary DENV1 and DENV2
infections only. In the same study, théy also observed dengue virus-specific associations

within the HLA-BS group of related alleles, whereby molecularly determined HLA-B*51 -
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 alleles were associated with DHF after secondary dengue virus 1nfect10ns By contrast HLA-

N B*52 showed a strong association wrth less . severe DF secondary DENV 2 1nfectrons

o ‘Moreover, the reduced frequency of the HLA—BlS-related alleles (B62, B76 and B77) was

B observed in the patients wrth secondary dengue virus mfections suggestmg that they may be
protected against developing clmical ‘drsease in 1rnmunologically pnmed individuals. By.
contrast, HLA-B46 ’was increased in the DHF patients with seconday infections. Since l—lLA,- .
| lB46'is in .strong linkage disequilibrium HLAA—A‘*0207 it- is.'believed that theeffect of B46_
was likely to be an adjunct to that of A*0207. Fmally, HLA-B44 appeared to be protective
agamst the development of severe disease in patrents w1th secondary dengue virus mfectrons

‘ Recently, a hospital -based case-control study in two provmces in Southern Vletnam showed_ )
an increase of frequency of HLA-A*24 in both DHF and DSS panents (N guyen Ktkuchr et'
al. 2008) The frequency of HLA-A*24 w1th hlStldlnC at codon 70, based on main anchor
'bmdmg site specrﬁmty analy51s in DSS and DHF pat1ents was srgniﬁcantly higher than that

in the population background groups. -

342 HLA class II and dengue

The orgamzatlon of class II genes is similar to class [ genes, wh‘ere each of the exons encode , E
a different domain. HLA class II products consist of HLA-DO, -DR, -DP, and -DQ (Figure
'3.l). ‘The HLA class IT products have more limited 'distribution on B-cell, macrophages,
dendritic Acells, Langerhans cells and activated T cells.' HLA class II molecules_are involved 1n

the presentation of exogenous antigens to CD4" T helper cells.

"A study of HLA-DR iantigen frequencies in Mexican patients with dengue found that the
frequency of HLA-DRB1*04 was lower in ‘DHF patients than.in DF patients and that this
. allele was negatively associated with DHF risk (LaFleur, Granados et al. 2002). These

ﬁndings are in contrast to the finding of Loke e al., who studied polymorphisms in the HLA- .
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DRBI1 gene in Vietnamese DHF patients but did not find an association (Loke, Bethell et al.

2001).

Recently, a s1gn1ﬁcantly increased frequency of HLA-A*Sl and HLA-B*IS has been
' demonstrated in Cuban 1ndrv1duals w1th a history of symptomatrc dengue virus mfectmn
compared with controls (Sierra Alegre et al. 2007). HLA-DBR1*07 and HLA DRB1*04, on '
the other hand, showed an evaluated frequency in control subject compared with dengue case -
patients suggesting these alleles are associated with protectron (Sierra Alegre et al. 2007) In
a study of HLA alleles and severe dengue in Southern Vretnam the frequency of HLA--
DRB1*0901 in particular was srgmﬁcantly decreased in DSS when compared with DHF in

- DENV-2 mfection (Nguyen KlkllChl et al 2008). .

' Notwithstanding the previous studies of HLA and dengue, the interpretation of previous case-
control studies. is potentially confounded by a number of factors including heterogeneity in
the case classification, serological and yirolbgical features of the patients being investigated

- leading to smallzsul')group analysis and limited power.
35 Study desivg‘n' .

Human leukocyte antigens expressed on the cell surface function as antigen presentmg
molecules and that polymorphism can shape an individuals’ adaptlve immune response.

In this study, I first aimed to investigate the HLA.class Iand IT polymovrphisms present in a o

population of Vietnamese children with DSS resulting from secondary infections vyith

DENV-2, compared to a group of popu]ation COntrols (cord bloods).. Then we aimed to

confirm the correl,ati;on appearing m the second independent case-control study in wider

.

range of clinical presentation.
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3.6 Patient recruitment "

3 There _are'-.tw'o prospective studies described. In the first study, pediatric patientslwith dengue
. 'shock syndrorne (515 yrs of .age) yyere r_ecruited into a’prospectiye study at the Pediatn'.c. .
Intensive Care Unit of- the bHospital for Tropical ljiseases, Ho Chi Minh City, Vietnain,
between 1999—2002 All patients were of Vietnamese Kinh ethnicity and .'had a clinical
dwgnosrs of DHF/DSS Grade III or IV. Blood samples were collected at- study entry (day 1)
and then on day. 2 and day 4 for research and hematological mvestigations

The second study was a prospective study of children w1th mild dengue at Ward Pediamc A
of the Hospital for Troplcal Diseases, Ho Chi Minh City, Vietnam between 2002 and 2006 |
Any Vietnamese Kmh child between 2 15 years of age hospitalized w1th clinically suspected :
‘dengue and fever for < 72 hours was eligible for study entry. Any child who developed Shock.
(DSS) was transferred to the Pediatric Intensrve Care Unlt All patients had daily haematocnt
and platelet count ‘Blood samples were collected at study entry and then on the 6th day of '

illness for research purposes.

For both studies, DNA was e)'(_t'racted from the blood pellets usiné ‘a’ commercial DNA'
extraction ikit (Nucleon, Amersham Biosciences, UK) according to the rhanufacturer’s

mstructions. Clinical symptorns were recorded in standardlzed case record fonns ‘and
laboratory mvestigations (see Figure 3. 2) were used to conﬁrm the diagnosis.

Written mformed consent was obtained from a parent or guardian of each study participant.

' The"study protocol was approved by the ‘Scientiﬁc and Ethical committees at the Hospital for

Tropical Diseases and the Oxford University Tropical Research Eth_ical committee.
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. Figure 3.2 Dengue diagnostic algorithm

Clinical syhdrome that could be dengue

ves

Paired plasma >3 days apart and 1% sample collected within 7 days of illness onset

A ) ) Jv A . . A :

PCR positive ~ Viral culture positive DEN IgM or IgG
' ' 4 seroconversion -

from S1to S2

yes : 'Jyes .| yes.
A A 4 ) N 4

Confirmed acute dengue

3.7  Control samples

‘Unvﬂ.;ilica‘l'c_ord blo'od .g;amples v‘vere,:'used ésthé .-control samples for this stﬁdy. Cord blood
. éamplles were colle?ted from the umbilical cord of healthy neonates at .the timé of deliv'_ery.to :
_mothers of Vietnamese Kinh ptﬁniéity at Hung VuoﬁgObstetﬁc Hqsﬁital, HCMC. ‘Aft_e'r
.cer.xtriﬁlgation of cord blood, the célls and the plasma were separated and stored at —20°C. _
Written infofmed coﬁsents were dbtainéd from mothers. The study protocol Was approved by
the Scientiﬁc and.ﬁthical cbmmiﬁees at Hung Vuong Hospital and the Hospital for Tropical

Diseases and the Oxford University Tropical Research Ethical committee.
3.8 Statistical analysis

HLA class I and II typing was performed to establish the frequencies of the major HLA

alleles. The frequency of HLA class Iand II antigens was determined by the formula n/N,
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_’ where_ n eduals the,_n.urnber‘of individuals that_'are_positive :fo'r a particnlar_HI;A (elther:
heterozy'gotes or homozygotes) and N eqhal's the number ot‘ individuals tested. 2x2 12 test

and P values derxved from StatCalc (Ep1Info) software were used for comparmg allele
-frequencres P values of less than 0. .05 were consrdered 51gn1ﬁcant The odds ratio (OR) and
95% conﬁdence mterval were used to assess the risk of dlsease assocrated w1th a specrﬁc

class I and II phenotype
3.9 Results

3.9.1 ‘C.llaracteristic of patient ponnlation ,

" As the first purpose,' of this study: was to lnye'stigate the association of HLA allelesvand '
' dengue‘sh'ocl( syndror.ne in Vietnamese‘ children tvlth s‘econdary' DENV-2 infectione, we o
| selected l)NA sarnples from a Subset of patients enrolled in a prospective study of DSS at the .

g Ped1amc Intenswe Care Unit of the Hospltal for Tropxcal Dlseases Ho Chi Mmh City,

: V1etnam Between 1999 and 2002, there were 120 patlents who were expenencmg a"
secondary DENVZ- mfectxon After applying the former ‘WHO case class1ﬁcat10n cntena '

‘ (WHO 1997) to each dengue case, there were 113 DHF grade I patrents and 7 DHF grade ,

v patlents. The characterrs’ncs of the pat1ent populatron are described i in Table 3.2.
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Table 3.2 Characteristics of the patient population selected for HLA typing-

DHF grade Il _ "DHF grade IV _

Variable , A N=13 - |, . N=T .
Male sex, no. (%) 2 S ' 62 (54%) — , 3({42%) -
Age (years) | 0314 | 11613
Day of illness . — 5(3-10) _ - 4 (3-5)
Petechiae ) 95/95(100%) SI1(T1%)
Skin bleeding . T 59/112 (52%) 417 (57%)
Other bleeding* T 251109 22%) 177 (14%)
Effusion . 207107 37%) 177 (14%)
Ascites . 32/107 (29%) T 177 (14%)
Hepatomegalye(mean) v_ 1.8£0.1 - ‘ - 2103

| Platelet nadrr cells/ uL 22,000 (8,310-90,000) 20,000 (12,000-50,000)

,Maxrmum hemoconcentratron % 389 (21.5-66.7) ‘ 50 (32.4-53.4)

* Other bleeding including Gum bleeding; Epistaxis, Purpura, Gl bleeding, PV bleeding

- 392 VHLA. c]ass Iand II genotyplng by PCR sequence-‘s;‘)ecific primers
All DSS patie’nts (n:lZO) and cord blood conrrol samples (n.=120) were typed for HLAf'class_
Tand II using amphﬁcatlon refractory mutation system PCR (ARMS-PCR) w1th sequence
‘ specific primers (SSP) (Brunce et al., 1995). One hundred and mnety two PCR reactions |
were performed to srmultaneously detect HLA- A B, Cw, DRBI and DQBl alleles At the
tlme this study was conducted, thrs approach was recogmzed as a high resolution technique =
and better at distinguishing HLA alleles subtyoes compared to serological methods. Indeed
HLA typmg by PCR-SSP has proven to confer 51gmﬁcantly greater sensitivity, accurate, and

resolvmg power than serology typing methods (Petersdrorf EWwW, 1999)

56



Chapter 3: Genetic susceptibility to DHF/DSS - HLA class I and II alleles

The results from this integrated class 1 and II method can be visualized on a single
photographic or electronic image and hence is described a “Phototyping”. A phototype is
determined successful when the control amplifications are positive and at least one allele or
group of alleles is present in each locus. Amplification of control primers gives a product of
796 base pairs fragment from the third intron of HLA-DRB 1 locus. An example of HLA

phototype of dengue patient DF398 is shown in Figure 3.3.

Figure 3.3 HLA PCR SSP phototyping of patient DF389. The sample type was A*24,
A*33, B*15, B*35, Bw6, Cw*04, DRB1*04, DRB3, DRB5, DQB1*04, DQB1*06
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393 Phenotype frequencles of HLA class Tand II alleles

We 1dent1ﬁed 14 HLA-A alleles, 21. HLA-B alleles, 10 HLA-Cw alleles 13 ‘HLA- DRBl _ :
" alleles and 5 HLA-DQBL! alleles in the study subjects. Ma_]or alleles (phenotype frequenmes
having more than. 5% in either the patient _(Sr co_ntrel greups) are shown in Table 3.3-3.7,

accounted for about 80-90% of the total phenotypes.

" The most coﬁlmbg'HLA}A, -B, -Cw, -DRBI and bQBI' alleles were A*02, A*11, A"ffzcl and:
A®33; B*15 and B*46, Cw*0l and Cw*07; DRBI*12 and DRBI*LS; DQBI*03 and
DQBl*OS respect1vely Alleles of HLA- A*74 @ 5%), -B*48 (0.8%), -B*52 (1.7%), -B*54
(0.8%, -Cw*16 (0. 8%) -DRB1*01(2.5%) were observed in DSS patients but not in control~

subjects. '

Table 3._3 Frequenfcy‘of HLA-A alleles in DSS patients with secondary DENV-2

. infection and control subjects

. HLA-A = Case patient Control subject "0dds ratio (95% C) 2 P
antigen  (N=120¢  (N=1200 = R . ‘

S TRL 867 60 T 136(041458) . 030 0.8
k02 57475 62(5L7) £ 0.85(0.49-1.45) 042 0518
*11 55@58) 60 (50) 0.85(0.49-145) = 042 0518
%24 40(333)  38(L7) 108(061-192) 008 - 0783
#33 - 27(225) 34 (28.3) " 0.73(0.39-1.37) 108 0.299

22 test and P values derived from Statcalc (Epilnfo) sofware.

? Data are no. positive for antigen (frequency of antigen).
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' Table 3.4 Freqhehcy of HLA-B alléle’s in DSS patients with secondary DENV-2 infection

and control subjects

- HLA-B Case patient - Control subject = Odds ratio (95%.CI) : x? P
Cantigen  (N=120f © . (N=120)" . A .
%07 4(33) . 9(15) 0.43(0.11-1.57) 203 0153
13 13(108) - 8(67). - 1.7(0.63-4.7) 13 0253
*15 60(50) - 65(54.2) 0.85(0.49-1.45) 042 0518
7 . 1109.2) 5(4.2) 2.32(0.71-7.95) 241 0120 -
*35 8(6.7) 78 . 115(0.36-3.68) 007  0.789
*38 11092 . 9(15).  124(046-342) 022 0.640
*40 112 - 11092 1(0.38-2.6) 0.00 1.000
*44 4(33) S 14(117) 0.26(0.07-0.89) 6.01,' 0.014>
*6  21(17.5) 27(225)  0.73(0.37-145) 094 0333
sl 542 1(58) 0.7(0.19-2.56) . .0.35 - 0.553
56 11092 13(10.8) 0.83(0.33-208) - 019  0.666
57158 65 1.18(0.34-4.1) ~ - 008 0775

*58 12300 . 15(125) - 0.78(0.32-1.86) 038 0539

22 test and P values derived from Sfat'calc (Epilnfo) sqfware.
* Data are no. positive for antigen (frequency of antigen).

> Statistically significant.
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. ‘Table 3.5. Frequency of HLA-Cw alleles in DSS patients with ‘secondary DENV-2

ihfectio_n and control subjects

- "HLA-Cw - Case patient Control subject . Odds ratio (95% CI)  y* P

" “antigen (N=120)* - (N=120) . 1 )

%01 34 (283) . 43 (35.8) . - 0.71(0.4-1.27) 155 0.21
+03 27(225) 17 (14.2) . 1.76(0.86-3.62) 2.78 . 0.095
*04 21 (17.5) 26 21.7) | 0.77(0.38-1.52) 0.66 0416

%06 1 9(7.5) - 6(5) © 1.54(0.48-5.06) 0.64 0423
*07 46 (38.3) 49 (40.8) - 0.9(0.52-1.56) . 0.16 0692
*08 ‘ 23 (19:2) 14(1L7) 1.8(0.83-3.92) © 259 0.107
*12 12 (10) ,- 4 (3.3) ' ' 3.22(0.93-12.25) o 429 0.038"

*15 1 22(183) - 17 (14.2) - . 2‘1.36(0.65—2.87) 077 0.381
22 test and P values derived from Statcalc (Epilnfo) sofware. '
® Data are no. positive for antigen (fréquency of antigen).

® Statistically significant.

Table 3.6 Frequency of HLA-DRBI alleles in DSS patients with secondary DENV-2

infection and control subjects

' VHLA-DRBI Case patient - Control subject -Odds ratio (95%.CI) _XZ P
antigen ~ (N=120) (N=120)* ' . B L
*03 8(6.7) 6(5) - 136(041458) 030 _ 0581
04 23(192) . 29(242) - 0.74(0.38-144) - 0.88  0.347
*07 15(12.5) 25(20.8) 0.54(0.25-1.15) ~ 3.00  0.083
*08 C16(133)  © 14(117) LI6(051-2.68) . 015  0.696
*09 - 25(208) . 35(29.2) 0.64(034-12) - . 222 - 0.136
©*10 18(15)  12(10) 159(0.69-3.71) . 137 0241
*12 59 (49.2) 57 (47.5) 1.07(0.62-1.83)  0.07 . 0.796
*3 433) - 8(67) | 0.48(0.12-1.83) 140 0236
*14 14 (11.7) 9(75) . - 1.63(0.63-4.28) 120 0272
*15 29 (24.2) 23(19.2) 1.34(0.69-2.61) 0.88 0347

22 test and P values derived from Statcalc (Epilnfo) sofware.

? Data are no. positive for antigen (frequency of antigen).
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Table 3 7 Frequency of HLA-DQBI alleles in DSS patlents w1th secondary DENV 2.

mfectlon and control subjects

HLA-DQB_l. Case patient Control subject Odds ratio (95% CD) 2 P

- antigen (N=120)* (N=120)* o o .

R02  19(15.8) 27225 0.65(0.32;1.3) - .72 0.189 |
*03 79 (65.8) 52(433) - 2.43(1.4-423) 1135 0.0007°
*04 15(125) ~ 9(15) . 1.76(0.69-4.58) - 1.67  0.196

- *05 52 (43.3) 8 (43.3) 1(0.58-1.72) 000 - 1.000 " -

- *06 - 1 40(333) . 48(40) '-"0.75(0.43-1.31) 115 0283

2 test and P values derived from Statcalc (Epilnfo) sofware.
*Data are no. positive for antlgen (frequency of ant1gen)

Statlstrcally s1gmﬁcant

3.9.4 Association of HLA-B HLA—Cw, and HLA-DQBI alleles and DSS

‘We analyzed only these major alleles for the evaluat1on of the risk of dlsease seventy because
rare alle_les- might have 11tt1e 1mpact on populat1on_rlsk. Studying fewer alleles, would also

-'mitigate the prohlem of multiple. cemparisons.

A summary of the statrstlcal comparxsons is shown In Table 3.3 3.7. There was an increase in
the frequency of the antrgen HLA DQB1*03 in the DSS patient group (65 8% vs. 43. 3%, P=
. 0.0007), wlth an OR of 243 .(95%CI = 1.4-4.23), 1ndrcat1ng that md1v1‘duals carrying HLA-
- DQB1*03 have a higher chance of developing DSS than individuals not eXp_ressiné this
hkantigen. The antlgen .‘ frequency . of HLA-Cw*12 was 4also moderately increased- in- DSS
patients when compared with the control (10% vs 3.3%, P = 0.038, OR = 3.22, 95%Cl =
0.93-12.25). Conversely, -HLA-B*44 decreased in frequency in the DSS patient gronp vvhen 4

- compared with the control (3.3% vs 11.7%, P = 0.014, OR = 0.26, 95%CI = 0.07-0.89).
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‘Thel;ef were no other statistically significant associations bétweef; the typed HLA alleles and

DSS. -

395 Assoclatlon of HLA-DQB1*03 al]eles and dengue

To explore more- fully the correlatlonshxp between the HLA-DQB1*03 and DSS in
. Vietnamese children with secondary DENV-2 infections, we selected DNA samples from a
- independent subset of patients ahd cord blood controls. Patients who. were experiencing
secondary DENV-2 infections enrolled in two prospective studies on either the Pediatric
Ward A (uncomplicated patients) and the Pediatric intensive Care Unit (DSS patients) of the
Hospital for Tropical Diéeases, Ho Chi Minh City, Vietném répresented the case population.
The contr_ols were cord blood samples collected at the same time as the previously described
cord blood samples_but from different newborns. The_chaf’acteﬁstics“ of the dengue patient

populations are described in Table 3.8.

Table 3.8 Characterlstlcs of the DENV-Z mfected patlent populatmn selected for HLA-

'DQB1*03 typmg '
- - uncomplicated t.lengue' 1
Variable ’ DSS (n=98) i .
| . . , (n=147)
‘Male sex, no. (%) - . 48 90
Age (years) o 10(3-14) 12 (5-16)
Day of illness - _ 4.5(3-7) - 32-5)
DF 1  ' 37
DHF . .
Grade 1 - o 39
Grade I : ‘ 71
Grade III : 85
Grade IV : ‘ 13- '
Platelet nadir, celfs/ uL | 24,400 (6,000-80,_000)  49,900 (10,800-290,000) .
Maximum hemoconcentration, % 37.8 (20.0-71.5) 19(0-55.7)
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A suinmary of the statistical coxhparisbns.betweeﬁ the two pétient groups and cord blood" - '
controls, which are independent of the above 'contfoi_group, are shown in Table 3.9 — 3..11.
The HLA-DQB1*03 allele was signiﬁcantiy' increased in frequency in DSS patieiﬁs P=
0.0001, OR = 10.54, 95%CI = 2.25-6.82) and DF/DHF patients (P = 0.0007, OR = 4.39,
95%CI = 1.64-12.15) wheh‘co’mpéred to the controls. There was no different in frequency of N

HLA-DQB1*03 alleles between two patient groups (DSS patients versus DF/DHF patients).

Table 3.9 Frequency of HLA-DQBI aﬂeles in DSS patieht§ with secondary DENV-2

infection and control subjects -

v HLA-DQB1.  DSS patients  Control subject Odds ratio (95% CI): x’ P
antigen ~  (N=98°*  (N=100" .. .. : :
%02 ©19(194%)  17(17) 117(0.54-2.57) . 019 0.663 .
*03 96 (98%) 82(82) 10.54(2.25-67.82)  13.88  0.0001"
%04 882  6(6) 1.390424474) 035 0552
%05 | 44(44.9) 43 (43) - 1.08(0.59-1.97) 0.07 0.787
*06 » 14 (14.3) 25 (25) © 0.50(0.23-1.09) " -3.59 - 0.058

I, 72 test and 'P values derived from Statcalc (Epilnfo) sofware.
? Data are no. positive for antigen (freduency of antigen); )

® Statistically significant.
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-Table 3.10 Frequency of HLA-DQBl al]eles in uncomphcated dengue patlents w1th

A secondary DENV-2 mfectlon and control subjects

HLA-DQBI uncomplicated - Controls ~Odds ratio (95%CI) XZ P
antigen - dengue patients - (N=100)* SR ' :
'  (N=147) , _ : o ,
02 22(15) 17317 0.86 (0.41-1.81) - 0.19 10.666
*03 - 140 (95.2) 82 (82) 4.39 (1.64-12.15) 1146  0.0007°
*04 : 4(2.7) 6 (6) . 0.44 (0.10-1.81) . 1.65  0.199
*05 . 63(429) - . 43(43) ©0.99 (0.58-1.72) 0.00 0.982
%06 , 30(204)-  25(5) ~ 077(040-147) 072 0.394

- 2 Ftes't and P values derived from Statcalc (Epilnfo) sofware. -
: Data are no. positive for antigen (frequency of antigen).

® Statistically significant.

: Table 3.11 Frequency of HLA-DQBI alleles in DSS and uncompllcated dengue patnents

»_ wnth secondary DENV-2 mfectlon

»HLA-DQBI_ v DSS patients uncomplicated_ © Odds ratio (95% CI) . »? P

-, antigen- - .(N=98)" . dengue patients
' (N=147) L -
*02 ©19(194) 22(15)  1.37(0.66-2.83) 0.83 0.363 . A
*03 © 96(98) 140 (95‘.2.) - 2.4(0.44-17.11) - 123 0.267
*04 ' 8(82) . 47 - 3.18(0.84-12.97) 374  0.053 -
*5 4 (44.9) 63 (42.9) - 1.09(0.63-1.88) - 0.10 0.752
*06 v 14 (14.3) 30 (20.4) 0.65 (0.31-1.37) 1.50 0.221 - .

" 2 test and P values derived from Statcalc (Epilnfo) sofware.

* Data are no. positive for antigen (frequency of antigen).



Chapter 3: Genetic suéceptibility to DHF/DSS — HLA class 1 dnd 11 alleles

"Cd_llectively,: this 's_tudy has found-that HLA Class I and II»po.lymorp'hism _signiﬁcently i'nﬂuences L

| genetic suscept{bility to DSS, ' in- particular, Secondary D'ENV-Z infected' cAhildren with HLA- A :
B*44 were lrkely to have DSS, whereas secondary DENV—Z infected children wnth HLA-Cw* 12
) and HLA-DQBI*(B were at mcrease risk of DHF when compared w1th the controls. HLA Aand "

- HLA-DRBI polymorphrsms were not associated to DSS
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3.10 ‘Discu'ssion 4

- There is still much to be learnt about the possrble influence of host genotype in resxstance or -

susceptrbility to DSS For most HLA/DENV studies performed to’ date the HLA allele
frequencres in DF, DHF and some_times DSS patients were compared to frequenmes observed
; m control age-matched healt_hy individualsvof the same ethnicity. Allelic frequencies that o
?si‘gniticantly deviate from frequencies observed in the control population suggest a negative
" or posrtive association between the HLA genotype and DENV disease status. Prev1ous
studies have focused on polymorphrsms of HLA class I and II (Table 3 1). Nonetheless, none
- of the reported assomations has been rephcated in different populations The 1ncons1stency of _
v' ‘these HLA assocxations'may. be the result of drfferences in ethmcrty,. differences in the
. predommant virus serotype durmg the study penods and HLA typmg techmque (Chaturvedl .
Nagar et al. 2006). In our study, we tested the hypothesrs that some HLA class I and II alleles
_may. be associated with the occurrence of a particular c11n1ca1 disease form resulting from |
‘DENV-2 mfection Our data demonstrated a higher frequency of the antigen HLA-B*44 in
_ controls compared with DSS patients. -Co_nversely, HLA-Cw*12 was assocrated with the |
B deve]onment of DSS in patients with secondary' l)ENV-Z _infection. Our ﬁnding_was_ similar .
' A to the ﬁndings of Stephens et al. (Stephens, Klaythong et al. 2002) who showed the antigen
3 frequency of HLA-B44 were reduced in all DHF patients w1th secondary mfections compared
| with the controls although the frequency of HLA-B*44 and HLA-Cw*12 in our results are -
‘ smaller than 5% in case patients and controls, respectively. The association here is more
difficult to.characterize in HLA and disease association studie_s due to the small frequencies
“of the HLA antigens in study population. A 'second independent study with a larger patient- _

sample may resolve this issue.
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, _A Thesé Victﬁ#mése d:ata.bn HLA class I asséciatiqn with DHF s'uppbc‘ﬁt:‘thc relévaﬁce of MHC _
. {:lass.I variation sugéested‘ by some pre?iéus studies F(Tqble'v3'.1), even thoﬁgh the allelic
associations ih e_ach study differ, perhaps aé a Aresuvlt of viral, clinical oﬁtc.:qrﬁe:and.other non->
: 'MHC host genetic vaﬁatiqn pélymorphism. A fecenf c-ase-cénfrol study of HLA associations
-in \'/'ietn.amese -DHF batieﬁts revealed .evidence fbr" HLAfA*24. énd 'HLA-A*33 1n .
"‘susceptibility_and res'istance.respe‘cti'vely DHF (Loke, Bethell» et al. 2001). We di(vi' not
-cénfum ihese. assoéiaﬁdris in '(')uf current study. A possible re;ison why we d‘id not copﬁnn an
association between -HLA-A*24 or HLA-A*33'a'md DSS s that in fhe stuvd}'l by Loke et al,
i DENV iﬁf_ection's were conﬁrmed: s.'erologically in only a sméll proportion of DHF patients .
(Loké, Bethell et al. 2001), and there was ﬁo 'inform;'_ition on the infecting serotypé. In
coritrést, our"DSS pﬁfient_ set éémprised oﬁlyjI laboratory cbnﬁfxﬁed secondary DENV-2 _:
_infection. In‘addit-i‘on,' ’D.ENV-.Z was the. prevélent serotypes in Soﬁth of Vietnam'fromAl999 ..'
to 2006 Whilé ‘DENV-.l was bredominaﬁt from 1990 to 1995 when Loke et al. collected their - ...
A samples (Ha, Tiéﬁ et al. 2000) (Pastéuf ‘2007);- The study perforfned By ng&en et al 1s also .
found association between D_HF/DSS patients and HLA-A*24 But not -HLA-A*33. (N guyen,
Kikuéﬁi et al. 2008). Infact,_th'erei _vwve‘reA inconsistent association results ‘.bétwle'en- their three
patient groﬁps as fhey Aévided péfieht i‘hto primary/secondary. T_héré \évas also no infoﬁnation

on the infectihg DENV serotype in Nguyén et al study.

HLA-DQB1*03, which Wés : the mpét' frequent class II allele in our study popula.ltion- an_d‘
appeared to be associated witﬁ increased sﬁsceptibility to DSS, with OR 2.43 and P §alué of
| 0.0007 (Tablé 3.7). This association was conﬁrrﬁed m another indep.ende-nt pépulation of
cases with either DSS or DF/DHF grade I and 1. We hypofh%:éize that the HLA—DQBI;‘O3
association observed mi-ght be explained By its higher efficacy in presenting DENV-2.

' ‘epitopes to CD4" T cells. In this model, HLA-DQB1*03 m'ight_facilitate a greater level and
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breadth of the lmmune response to vlrus pebtrdes and th1s may contrrbute to the pathogenesls
of dengue (King, 2003) Although HLA class I restricted cytolytlc CD8 T lymphocytes are
also 111<er to be_most rmportant for clearing yrrus 1nfected cells, dengue specific HL}Aclass 1I
. restricted CD4* T_‘cell _<:1§nés uvith‘-cy_t'olytic activity have been raised from individuals
v infected or vaccinated with dengue virus (Kurane, Okamoto et alf.. 1995) (leingston; Kurane
et al. 1994) (Green,.Ku‘ra‘ne_ et al. l993) (Luhn, Simmons et al. 2007)_. Such DENV—speciﬁc.
Cb{f T IYmphOC);tes may contribute-to immunopathology .by lys'mg. virus-infected MHC
- class II exoressing cells, e.g. macrophages, and secreting vpro—_ivnﬂammatory. cytol_cihes _that
might lead to capi.llary leakage (Kurane Innis et al. 1990). For example CD4" T cell clones
are capable of secreting a range of cytokmes 1nclud1ng IFNy, TNFa and IL-2 upon re-
stimulation and it is concelvable that these molecules have an 1mpact on normal vascular

' endothehum functlon.

HLA-DQB1*03 could also be just a marker for variants of other genes linked to the HLA or

other HLA linked gene that has the potential to inﬂuence the ’diseases' outcome; The N a

DRBl*0401-DQA1*03 DQB1*0302 haplotype is reportedly more common in type I
 diabetes pat1ents (Volpm1 Testa et al 2001) and DRB1*0402—DQA1*03 DQB1*0302 in -
Insulm-dependent diabetes mellitus patients (Saruhan, 2000) Thus to determme whether the

" association 1dentrf ed above are because of the marker being part of one spe01ﬁc halotype has

' to be address in further studles

Due to the complex1ty of the immune system genetic susceptrblllty to infectious diseases is
" most likely to be the combmed effects of many genes. With the candidate gene approach tve '
are lookmg for an effect at one of the many genes. There are some strength of thelstudy
design. (i) Our DSS patient set comprised only laboratory conﬁ'rmedv scorldary DENV-2

infection. At the time samples were collected, DENV-2 was the most prevalent serotypes in
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South of Vietnam (1999 to 2006). (ii) All our patients and control were intensively typed for

HLA class T and II alleles.

There are obvious 'vi/eakn'esses with this study design. lf tlie.ef_fectof the indi_vidual genes is
small or the alle_les ofa polymorpliism are rare, extremely large studies‘ would be needed to
see an effect. It is only possible to stlldy genes and .polymorphisms that"have been rnap_ped
and sequenced and,.this will.be’come easier with the Human ‘Geno,me Project. Improvements :
in technology ntliat permit high-throughput genoning of genetic polymorphisms have
allowed a genome-wide approach to mvestigating host genetlc susceptibihty Essential to this
approach are large sample s1zes in order to make statistical correction of the number of
comparisons being made. Replicationlof the genetic association in a second population is now

considered an essential validation step.

An‘otherv methological issue is that of selection of 'study population and s.arnpli.ng .strat‘egy.
Most candldate gene studies use a case- control approach and unrecogmzed ethmc differences
. _' between the groups are hkely to be reﬂected in fake genetic associations that 'are unrelated to
tlie disease of interest. This issue of * population stratiﬁcatlon can be rmmmized 1f cases and
.controls are carefully matched and 1ts presence can also be quantified from the genetlc data -
themselves The majority of Vietnamese people (85%) belong to the Kinh ethmc whereas the- |
remaining (15%) represent 60 minorities (Vu-Trieu, DJoulah etal. 1997). In fact there was a
ﬁrst GWAS to look at host susceptibility to dengue shock syndrome (Long et al, unpublished
data) demonstrated for the first time that Vietnamese Kinh is distinct from other Asian
populations such as the Chinese ‘and Japanese. ’l‘his genotypiing data of SNPs in all the
Vietnamese Kinh cases and control were compared with those of SNPs ‘in Caucasian (CEL),

African (YRI) and Asian populations (HCB and JPT) indicated that the case and the control
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- samples are homogeneous To these ev1dences we are conﬁdentthat our Vlemamese Kmh'»
:'cases and controls are 1deal populatlon for case-control genetlc assocxatlon stud1es
A ,Collectwely, these gcnetlc data underscore the potential 1mportance of HLA class II-alleles 1n
: DHF/DSS, howeyer, it rs not p0351ble to co_nclude from this e‘v_1denc_e t_he actual role of HLA
_ class II—restr‘icted responses in pathogenesis. Association between HLA, .DENV serot}rpe, and
l)ENV infection outcome are complex".and require further explanation and research. L
Association-based ohsertrations require conﬁrmation.‘withAfnnctional studies that :validate‘
»interaction between HLAfaSSOciated genotypes and <lenglre. The only way to understand th.e
. Tole of HLA restricted. responses in dengneinfe'ctions and DHF pathogenesis is to initiate

studies in naturally immune individuals.
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‘Chapter 4: »Spectrum and l(inetic of T cell responsesv to epitopes in denguevviruses
‘41 Background | | | | | |
' Epiderniological studies suggest that individuals_ ’wh_o experience a secondary infection witha
‘hete’rologous dengue serotype are at significantly greater rislc of developing‘ DHF (Burke,
1988) (Graharn, Juffrie et al. 1999) (Thein, Aung et al. 1997). In endémic countries 'children
carry most of the symptomatlc disease burden but young adults are also mgmﬁcantly affected -
Several hypotheses have been proposed for the risk factors of severe dengue -Viral, host
genetic, age and nutritional factors have been associated with susceptibihty to DHF (Gamble,
B.ethe.ll et 91. 2QOO) (Leitmeyer, 1999) (Loke 2001) (Loke 2002) (Stephens 2002) A
(Thisyakorn) (Stepherlson,‘ 2005). Viral risk factors include infection with a more v1rulent'
~ dengue virus nnd the size oi‘ theviral load. Antihody.-dependent- enhancernent (ADE) is also :
. hypothesized to contribute to the pathogenesrs of severe dengue illness. Halstead proposed
' that dunng secondary DENV mfectlon the preex1st1ng DENV antlbodles at sub- neutrallzmg
or non-neutrahzing levels to 1nfect1ng serotype may result in ADE of 1nfection (Halstead

2002).

Profound immune activetion during secondary infection contributes to other risk factors and
promotes the development of severe plasma ledkage. There are evidences of CD4" and CD8f
T cell activation in vivo during dengue infection. Accordingly, frequencies of CDv8+ T cells
are higher in'patients‘ with DHF than in‘ those with mild dengue fever (Rothman, 2003)
(Green, 1999) (Mongkolsapaya,,2003) (Zivna, 2002). FolloWing the viral replication and
preSenting antigen to T cells, activation of CD4* and CD8" memory T cells in secondary

‘ infection leads to proliferation and release of proinflammatory cytokines (Mangada, Endy et

al. 2002). Several plasma cytokines of cellular_ immune activation, including tumor necrosis
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factor-alpha, garnma. interferon lnterleukin—Z receptors‘ interleul(in-6 interleukin-l3 and.
mterleuk1n—18 are elevated m DHF compared to DF . (Rothman 2003) (Kurane, 1991)
(Juffrle 2001) (Mustafa 2001) These cytokine ‘can act dlrectly upon vascular endothelral
cells to ehcrt mcreased vascular perrneablhty Together, these studies suggest a vital role of
~ immune response in 1mmunopathogenes1s of viral mfectron However, the mechanism of how
T cells contrlbute to DHF pathogenesrs is less clear since only a few studies have drrectly
exarmned the responses of T cell dunng acute dlsease (Gre‘en, 1999')..(Mongkolsapaya, 2003).
Thus there exists a need_ to study the cellular immune responses of T cells and serotype cross-
4reactlvity in a patient population with a rnixed HLA background to determine the relationship
between T cell 'response and disease severity. ’lherefore, the airn of the current work is to
identify novel T cell epitopes in dengue viruses that ‘are restricted- through HLA alleles
common in Vietnamese population. Fuxtherrnore; vve'seek_to 'determine the kinetics and _

~ cross-reactivity of the responses to novel epitopes. _
4.2 - Study design

During bpn'mary infection, inﬂammatory' cytoldnes are‘releasjed from infected‘-cells, including
dendritic cells, B cells, monocytes, and hepatocytes that can attract adaptrve immune cells
including T cells NK cells and B cells. Narve T cells specific for the 1nfect1ng serotype are
' v'preferentxally expanded. In the secondary infection, the level of T lymphocyte activation is
rnarkedly increased, reﬂeCting the increased antigen presentation, the increased freque.ncy of
DENV-specific and cross-reactive T lyrnphocytes in secondary, and the more rapid activation
and proliferation of rnemory T 'lyntphOCytes. Infected cells present 8-11mers or 15-20mer
peptides, dependent on_.the class of HLA molecules bound to the peptides, to speciﬂc. T
' lymphocytes. Hence,lidentiﬁcation of antigenic peptides recognized by dengue virus-specific

T lymphocytes may suggest new way to suppress viral replication and prevent prolonged
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V  infection. Recently, studies of dengue patlents have successﬁllly 1dent1ﬁed several peptldes o

" that are spemﬁc for CD8" and CD4" T lymphocytes (Table 4. l) In this study, we sought to
“identify the novel epxtopes- and measured ex vivo responses to-a’ spectrum of dengue virus

antigens by 's'tu'dying' T cell responses to péptide antigens spanning the DENV-2 genome. °

Due to several limitat.ions we were unable to collect enough blood from patients to study'the
: T cell responses to peptide antlgens spannmg the entxre genome Therefore, we focused our |
» mvest1gat10ns on- structural ant1gens (caps1d preM/M and Env) and nonstructural viral
antlgens prev1ously nominated as being T cell imunogens (NS3 and NS4a). A total of 260

peptides (including two hundred and twenty 15mers and forty 20mers) span the capsid, preM,

M Env, NS3 and NS4a sequences from a DENV serotype 2 isolate (stram 16681) (Append1x -

3). PBMC were tested in IFN-y ELISPOT assay agamst the total of 260 peptxdes arranged
into a matnx of 32 peptlde pools, w1th 16 peptldes in each pool and each peptlde present in
' two different pools. The exceptlons were pool 16 with 20 peptldes and pools 29, 30 31, and’ :

‘32 w1th 18 pept1des (Append1x 4). A peptlde is 1dent1ﬁed as bemg antlgemc if 1t.dr1ves a ':'
' '_.'response in two dlfferent pools in IFN-y ELISPOT assay. In every case, 1dent1ﬁed peptldes .

were retested as 1nd1v1dual peptldes
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" Table 4.1 Epitopes on dengue Q{iral _pr_dteihs recognized by virus-specific human T cells

Protein | Amino acids Sequenée Subset HLA . Referénce
- C - -47-55 ’ VLAFITFLR CD4 " DPw4 (Gagnon, Zeng et al. 1996)
8392 | GFRKEIGRML .| CD4 DRI, DPwa | (Gagon, zégg etal. 1996)
NS3 .| -~ 7179 SVKKDLISY CD8 862__ . (ZiQny,.DeFronzo etal. 1999)
- 130-144 GTSGSPIIDKK - CD8 A1101 "(Mongkolsapaya, 2003)
146—154 . VIGLYGNGV _ CD4 DRI15 (Kurane; 1995)
-202-211 RKYLPAIVRE CD4 DRI15 . (Kurané, 1995)
222-230 APTRVVAAE CD8 " B7 .. (Mathew, 1998)
"224-234 TRVVAAEMEEA CDh4 | DRI15 (Kurane, 1998) .
235243 AMKGLPIRY CD8 B62 (Zivay, 1995)
241-249 IRYQTTATK ’ CD4 - DRIS ~ (Kurane, 1995)
255-264 EIVDLMCHAT CD4 . DPW2 (Okamoto, Kurane et al. 1998)
352362 | WITDFVGKTVW CD4 DRI15 (Zeng, 1996)
500-508 TPEGIIPTL CD8 - B35 (Livingston, _ 1995)
4.3 Patient recruitmeht

Adult.pa'ti.ents ‘with aléli}nical sﬁspicion’ ozf. dengue virus.infeCtionv were recruited from the
intensive care unit of the Hospital for Tropicél Di'seaée, Ho Chi Minh City, Vietnam. Venous
blood sarhples were collected from patients on the first day after a_drr.lissio‘n (Study Day 1), on
Study Day 3 and on Study Day 5 unless the patient was discharged earlier. Convalescent
samples weré.obtained ét 2 weeks gndil month post-adr'nission. WHO classification criteria

(World Health Organization, 1997) were applied to each case after review of the study notes.

Platelet counts and haematocrit values were recorded regularly during hospitalization. The '
extent of hemoconcentation during symptbmatic illness was determined by comparing the
maximum haematocrit recorded during hospitalization - with the value recorded at

convalescence.
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Wntten mformed consent was obtamed from the patrents The study protocol was approved
by the Smentrﬁc and Eth1cal Commnttee at The Hosprtal for Troplcal Diseases and by the

Oxford Tropical Research Ethical Commrttee.
44 Results

4.4.1 Characteristics of patient populatinn _ _ _
This amdy was Aearried out at’ The Ho's'pi_tal for Tropical l)iéeases, Ho _Chl. Mmh City, |
Vietnam. Between June of 2002 and April ef 2003, we recruited 51 'patlents snspected of
_havmg a dengue virus 1nfectlon from the adult mtenswe care unit into a prospectrve study of
cellular i immune responses. After applymg WHO cntena (World Health Orgamzanon 1997)‘ V
. to each caee, all patients were classrﬁed as DHF cases, meludmg DHF Grade I (n=13), DHF
"~ Grade Il (n=17), and_DHF Grade'III (n=20)§benly.1 patient was diagnosed wi.t_h‘ DHF Grade
IV . 'Two snbjects had clinicalj rnanlfesfation ofv plasma leakage (e‘.g‘, pleural'efﬁ15i0n) .and- ‘"
mueosal ble‘e.di'ng; but platelet counts were between' 100,000 ,and lZ0,000. We elassiﬁed these -
. cases as DHF grade II The patients’ rrlean age wae 19 years (SD, 3 years; range, 15 t027
years). The mean duration of illness vl'as 5 days (SD, 1 day; range,-l to ll) days). Serology of -
paired plasma samples lndlcated that all patients were experiencing a secendary dengue v1rus
Vinfection. bFor the‘p_erlo_d of hospital 'a'dmisAsion,vthe average maximum haematocnt recorded

was 49% (SD, 4.7%, range, 41 to 60%) and the mean nadir of the platelet count was 47,700 X
10*/ml (SD, 33,900% 10°/ml, range, 13,900 X 10°/ml to 115,000 X 10%/ml). Amongst the 51

investigated patients, 39 patienls (76%) had a response to at least one peptide in the IFN-y
ELISPOT assay. The characteristics of the patients with positive SFU in response to at least

one peptide are shown in Table 4.2.

76



Chapter 4: 'Spectrurh and kinetic of T cell fesponse§ to epitopes in dengue viruses

© Table 4.2 The characteristic of the patients respond to DENV-2 pepfides E

Age * Dayof . . ' Dengue
" Patient ~ (years)- Sex’ illness Serology Diagnosis®. serotype® - HLA class I type
’ I ' A B Cw
BC309 24 F .5 Secondary Bl 1 24/34 ~ 15/46 03/03
BC310 - 17 F . 3 Secondary- I 1 11/24 35/51 - 04/14
BC311 19 M 4 Secondary I 4 24/26 38/15 07/08
BC313 19 M '5 . Secondary  III 0 - 24/26 38/15 - 07/03
BC314 18 M 4 Secondary Rt 2 02/11 46/15 01/08 .
BC315 19 ‘F 10 ‘Seco'ndary I 2 29/33 58/81 03/15
BC316. 22 . M 5 Secondary 1 0 29/30 07/13 06/07
" BC317 S22 M 6 Secondary. 1 S 11726 38/15 07/08
BC318 15 - F 6 Secondary . II 2 - 24/33 44/15 04/07
BC320 18 F 5 Secondary m 0 02/33 -46/58 01/03 .
BC322 26 M 3 Secondary I . 2 11730 . 07/54 . 01/15
BC323 31 M 4 'Secondary III 0 1124~ 46/51 . 01/14
BC324 200 - F. 5 Secondary = IV 2 29/68 07/51 15/-
"BC325 17 M Secondary = - 1I 0 0211~ 56/15 - 01/-
BC327 20 M 4  Secondary = I’ 14 02/31 51/39 - 07/-
BC331 17 M 5 _ Secondary o 1 1124 . 4035 03/03 -
BC332 16 M .5 . Secondary pul -0 02/11 38/37 ° 07/06
BC333 - 22 M -~ 5  Secondary 1 0 T 1126 3815 . 07/08
. BC334 .31 M - 5 ' Secondary I 0 0211 - 07/57 . 06/07
'BC336 . 21 F 4 Secondary  II 2. - 02/31 46/51 01/14
BC337 16. M 4 Secondary . I 1. 1124 15/46 01/08
. BC338 22 F 3. . Secondary I 2 11/33 .~ 13/46 ©  01/03
- BC343 S22 M 5 Secondary -~ 1II 1 24/29 07/15 -
BC347 20 - M 5 - Secondary 1N 2 . 0211 - 15/46 01/03
BC348 16 ' M 3 ‘Secondary IIX 0 24/33 “15/58  03/08
BC349 17 F 4. Secondary’ I ° 2.
BC350 - 17 F 5 Secondary - . ) . 24/34 15/46 01/03 -
BC352 15 F 5 . . Secondary - II' 2 24/29 . 07/48 ~ 08/15
BC353 15 ~F 6 Secondary = III . 2 . 11/~ - 39/56 01/07
BC354 17 F 4 - Secondary II 1 - 11/- 15/- - 08/-
‘BC500 26 M 2 " Secondary I 4 . 01/11 15/57 06/08
BC501 . 20 M 5 Secondary - -+ 1. 4 . 02111 51/54 01/-
BC502 16 M -5 Secondary B | -0 0229 07/13 03/15
BCS503 23 M 4 " Secondary I 1 o1 07/46 01/15
BC504 27 M 4 Secondary’ 1 4. 11/29 07/46 01/15
BC507 - 26 M 57 Secondary - 1 4 -02/24 15/15 04/07
~BC508 - 15 M 5 Secondary I 4 02/03 46/15 --01/08 .
BC509 20 M 5. Secondary 1 0 02/03 38/35 .07/12
BC510 15 M S Secondary | 1 33/- - 18/44 07/07

-*F, female; M male.
® WHO classification: I-DHF grade I; II-DHF grade 1I; III-DHF grade 11I; IV-DHF grade IV.
° DENV serotype: 1- DENV] 2-DENV2; 3-DENV3; DENV4
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442 IFN-'y ELISPOT responses agamst a panel of peptldes spannmg the capsrd

preM M, Env, NS3 and NS4a viral antlgens :
To measure the breadth and magmtude of T cell“,respon.ses to moltiple dengue virus antigens,
PBMC samples from dengue virus-i_rnmune Vietnamese'. advults  were tested in | IFN-y -
| ELISPOT assays against overiaoping peptides spanning the:capsid, preM, M, Env, N'.S3,‘.and
‘ NS4a viral antigens from-a DENV-2 isolate. Arhon'gst th,e' 51 DHF patvients,‘ we haye defined
the IFN-y ELISPOT response‘to dengue _pepticies in PBMC sa‘mples from 39 patients. In these
- 39 patients', one or more i_nd_i'vidualv peptides that reproducibly evoked an IIITI_\.I-'Y response in
the ELISPOT assay exceeded 25 spot. forming units (SFU)'per'mlillion PBMC. In tota],.T .
' celvls from the 39 oa_tients'recognized.47v different peptides. In terms of the percentage of
_ peptides recogniied of the total .number.tested’for each'viral antigen the peptides- from the

_ caps1d and M protem were most frequently recogmzed n ELISPOT assays (Frgure 4.1).

B However in categoncal terms, there were more peptrdes (n—30 64%) from the N83 protem

‘ that evoked.T cell responses in IFN—y. ELISPOT assay compared to 11% for cap51d, 6% for

prM/M, 17% for Env and 2% for NS4a. -

The magnimde of responses to individual peptides rangeti from 27 SFU to 500 SFU per .r
» mrllion of PBMC. vThe,breac.lth of the vresponse in individual patients ranged from 1 to 10 |
. peptides. The breadt_h and magnitude of responses from all patrents are shOWn in Aopendix 5.
A summary of the individual peptldes that reproducrbly evoked responses 1n IFN-y ELISPOT

: assays is provided in Table 4.3. In several cases, two adjacent and overlappmg peptides
. eyoked a response in the same patient; suggestmg that they contam a shared eprtope or
'altematlvely, the presence of overlapprng epltopes Thrrteen of the 47 peptldes (28%) '
recognized by PBMC contain sequences that have previously been characterized as dengue- -

 or flavivirus:specific CD4" or CD8" T cell epitopes (Table 4.3).
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Figure 4.1 T cell responses by viral antigen. Shown are the numbers of peptide antigens
from different viral antigens that evoked T cell responses in convalescent dengue patients.

'(Study days 5-14).
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Table 4.3 Summary of antigenic peptides recognized by T cells from secondary dengue

patients

Sequence® Location | N® ELISPOT Sul::i- Minimum e'plfopf, HLA

. frequency* set restriction

PFNMLKRERNRVSTVQQLTK Capsid);.3; 1 100
RVSTVQQLTKRFSLGMLQGR Capsidyy. 1 70
TAGILKRWGTIKKSKAINVL Capsidis.a1 3 97(60-130) CD4
IKKSKAINVLRGFRKEIGRM Capsid 72.01 5 58(30-120) CD4 Capsidgs 90 (GFRKEIGRML)/DPw4
RGFRKEIGRMLNILNRRRRS Capsidgr.io, | 5 58(40-80) CD4 Capsids; s> (GFRKEIGRML)/DPw4
LGELCEDTITYKCPLLRQNE preMar.eo 3 203(28-500) CD4
MSSEGAWKHVQRIETWILRH Mag30 2 95(60-130)
QRIETWILRHPGFTMMAALI Mgy 1 120
FVEGVSGGSWVDIVL Envi.s 1 500
SGGSWVDIVLEHGSC Envien 2 230(60-400)
LRKYCIEAKLTNTTT Envsezo 2 115(80-150)
.VTMECSPRTGLDFNE Envigi.igs 1 120
MENKAWLVHRQWFLD Envaoiais 1 80
TLVTFKNPHAKKQDV Envasease 1 66
KKQDVVVLGSQEGAM Envaea60 2 96(75-117)
RMAILGDTAWDFGSL ' Envaians 8 142(60-300) CD8
TFHTMWHVTRGAVLM NS34s.50 S 151(55-390) CD4 :
IEPSWADVKKDLISY NS36s.79 3 151(100-194) CD8 NS31.5 (SVKKDLISY)/B*62
ADVKKDLISYGGGWK NS370.84 1 97 . NS371.70 (SVKKDLISY)/B*62
AVSLDFSPGTSGSPI NS3 12513 1 140
FSPGTSGSPIIDKKG NS3 3010 5 167(53-240) CD8 NS3133.142 (GTSGSPHKY/A*11
KVVGLYGNGVVTRSG NS3 5,150 3 140(140-140) CD4 - NS3y46154 (VIGLYGNGV)/HLA-DR15
TKRYLPAIVREAIKR NS300.214 3 63(40-85) . | CD4 NS32,.211 (RKYLPAIVRE) HLA-DR15
GLRTLIAPTRVVAA NS3315.229 3 92(75-100) :
ILAPTRVVAAEMEEA NS30.03 7 150(40-350) CD8 NS32-22 (LAPTRVVAAEME)/B*07
EMEEALRGLPIRYQT | NS3330.244 3 213(120-260) CD$ NS3235.243 (AMKGLPIRY)/B*62
LRGLPIRYQTPAIRA' NS3255545 2 47(45-48) -
IRYQTPAIRAEHTGR NS3240.256 4 109(27-210)
EHTGREIVDLMCHAT NS3550.264 1 200 CD4 NS3255.6 EFVDLMCHAT)/HLA-DPw2
EIVDLMCHATFTMRL NS3as5.260 2 150(100-200) | CD4 NS3555.50( EIVDLMCHAT)/HLA-DPw2
LSPVRVPNYNLIMD NS3570.284 3 173(90-230) :
VPNYNLIIMDEAHFT - NS3175.280 3 213(190-230)
LIIMDEAHFTDPASI NS3:¢0.208 3 172(85-310)
EAHFTDPASIAARGY NS3 45009 4 160(80-200) CD8
EMGEAAGIFMTATPP NS3305.319 1 70
AGIFMTATPPGSRDP NS3310.324 3 105(80-153)
KKVIQLSRKTFDSEY NS3300.394 1 118
NDWDFVVTTDISEMG NS3a00414 1 100
LDNINTPEGIIPSMF NS3405.509 2 155(80-230) CD8 NS3s00.s0s (TPEGIIPTL)/B*35
TPEGIIPSMFEPERE NS3s00.514 3 167(70-240) CD8 NS3s00.508 (TPEGIIPTL)/B*35
GDLPVWLAYRVAAEG NS3s20.55 1 60
VAAEGINYADRRWCF' NS3s50.564 4 222(100-310) CD8
INYADRRWCFDGVKN NS3sss.560 1 310
EGERKKLKPRWLDAIY NS3sz5.599 2 68(38-97)
KLKPRWLDARIYSDP | NS3se040 1 85
WLDARIYSDPLALKE NS 3505609 1 250
LATVTGGIFLFLMSGRGIGK NS4aq.50 1 58

* sequence is derived from DENV2 isolate 16681

b N indicates the number of patients who responded to each peptide

¢ shown are the mean (range) number of SFU/million PBMC evoked by each peptide

4 the T cell subset responding to peptide stimulation was determined by bead depletion of CD4" and
CD8" T cells 4

¢ the peptide sequence and HLA restriction of published epitopes that are present in the larger,

- overlapping 15 or 20mer peptide is shown. References link to table 3.1

fPeptides shown in the boldface were studied further
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. 443 Antigen specificity of IFN-y ELISPOT responses and their relationship to
~ recognized structural motifs

All 1dent1ﬁed peptides recognlzed by T cells from dengue patients were evaluated for the1rA
relationship to r,ecogmzed‘conserved structural rnotif. 'l‘he spectrum of 1dent_1ﬁed antigenic .
| peptides was examinéd in the context of lcnoWn biological features in each of the respective
viral antigens. Several antigenic vpeptides were identified in the capsid protein. primarily
located near to the conserved cleavage pomt of the C- tenmnal hydrophobic signal sequence:

(Table 4.3 and Fig 4 2. A) Antigemc peptides were also detected in preM/M (Table 4.3 and

-. :Fig. 4.2 B) Env (Table 4. 3 and Fig. 4.2.C), and NS4a (Table 4.3 and Fig 4 2. D) proteins.

These antioemc peptides ‘were tiot assocrated with any recogmzed conserved structural
motifs."NS3 a 618 ‘armno acid long serine protease and helicase contained the highest
number (n—30) of antigemc peptides (Table 4.3 and Fig 42. E) Fourteen from 30 (47%) of
' these antlgemc peptides were clustered within a 124 amino acid long stretch of NS3 (NS3zoo |
324) (Fig. 4.2.E). Alignment of consensus amino a(:1d sequences from- all _four dengue-
serotypes indicated that this region of NS3 is rnore conserved (78%) than NS3 as a whole
. (68%). N}S3 ‘was the rnost frequently recognized viral a_ntigen, with _56% of all tested p.atients'
' responding ‘to at least one‘antigen‘ic peptide c'ompared to 27% for.Env, 23% for the cansid, ‘

10% for prem/M and 2% for NS4a.
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Figure 4.2 T cell responses by viral antigen. Shown is thefrequency with which individual
antigenic peptides in the (A) capsid, (B) preM/M, (C) Env, (D) NS44A and (E) NS3 viral
antigens were recognized by PBMC collected on Study Days 5-14 from 51 patients with
secondary’dengue. Shown within each viral protein are recognized structuralfeatures and in
parentheses their amino acid location with respect to the start ofthe protein.
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4.4.4 Relationship between the serotype of the infecting virus and the breadth and
magnitude of responses to overlapping DENV2 peptldes in IF N-'y ELISPOT
- assays

A dengue serotype-specxﬁc PCk performed on acute pldsma samples collected from all 51
, patlents 1dent1ﬁed the serotype of the mfectmg vxrus in 35 md1v1duals (68%). Dengue v1ral.
RNA was detected in 28 (72%) of the 39 patients who made responses to one or more
individual peptides. Amongst.these 28 patients dengue serotype 1 (DV1) was detected i in 9

(32%), DV2 in 12 (43%) and DV4 in 6 (21%). One patient had a mixed infection compr'isingd

DVl and DV4 (4%) Dengue viral RNA was detected in 7 of the 12 patlents (58%) who

failed - to respond to any of the peptlde antlgens Interestlngly, the- spectrum of viruses
detected in these 7 PCR—p051t1ve_1nd1v1duaIs was narrow, with DV2 detected in 6 (86%), and

Dv3 detected in 1 (14%).

We sought to determme whether a relatlonshlp ex1sted between the breadth and’ magmtude of
the T cell response to mdmdual peptxdes and the serotype of the mfectmg v1rus We did not -
“include the patlent thh a mlxed DENV1/DENV4 1nfect10n in this analy51s In cases when‘ .
patlents responded to adJacent‘ peptldes, we included responses to both in the analysrs;
Amongst the 47 patients analysed,' the breadth of the responses was’ not significantly
associated with the serotype of the infet:ting virus. Thus, patients ‘infected with DENV2
(n=18) did not respond to significantly more peptides (median=2, range 0-10) than patients
infected uvith either DENV1 (n=9, median; 2, range 1-7), DENV3‘ (n=1, median; 0), DENV4
'(n—6 median; 2, - range 1-4) or patxents in whom a dengue virus could not be detected (n=16,

median; 1, range 0-5) (Flgure 4.3.A). Like the breadth of the’ response, the mean sum of

ELISPOT frequencies to. mdmdual DENV2 peptldes in patients infected with DENV2 did .

_not sngmﬁcantly exceed (meanistandard devxatlon 62+57 SFU/rmlhon PBMC) those in

patlents 1nfected with erther DENV1 (189+127 SFU/million PBMC), DENV4 (112i61.
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SFU/million PBMC) or patients in whom a dengue virus could not be detected (90+86

SFU/million PBMC) (Figure 4.3.B).
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Figure 4.3 Relationship between the serotype of the infecting virus and the breadth and
magnitude of T cell responses to DENV2 peptides. Shown are the breadth of IFN-y
ELISPOT responses (A) and the mean of'the sum ofIFN-y ELISPOT responses recorded (B)

to peptide antigens in dengue patient by infecting DENV serotype.
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' One pessible explana_tioh for the‘absenee ‘of' signiﬁc_antly stronger responses to DENV2

vp.epr_ide‘s in patients infected with a .serotype 2 virus is that. the DENVZ-speciﬁc response had
' dnet sufficiently matured ar the time of analysi_s (Study Day 5).: ’fo" test this: hypothe_sis,

ELISPOT r'espons'es to pools of overlapp'ing‘ DENV?2 peptides rzvere rrreaSured m serial PBMC

-samples collected frorrr 5 prospectively recrqited patients infected with DENV2 Responses
.deteeted. against pooled peptides were verified. using ind_ividual peptides. In the 4 patients

vv.vho nrade responses to _one.or more peptide bantigens, the‘breadth of the response actually -
contracted ratheér than expanded with time since infection v elapsed (Figure 4.4). The
narrowrng of the breadth of responses corncrded with a reductron in the magmtude of
4responses to each antrgemc peptrde Thrs suggests a srgnrﬁcant DENV2- spemfic response '
does not evolve wrth mcreased time smce secondary mfectlon ‘The DENV2- specrﬁc response

had sufﬁmently matured- at convalescence.

O =~ N W AN 00O
1

1.3 3.6 10-20  30-60
Studyday _ ‘

Flgure 44 Breadth of the ELISPOT response to DENV2 peptides in patlents infected
WIth a dengue serotype 2 virus at dlfferent ‘times post-presentatron The number of

individual peptide antzgens that evoked szgmf cant responses (>50 SFU/million PBMC) in
PBMC samples collected from four patients infected with DENV2 was determined at different
times post-infection. Shown are.the number ofpeptides recognized in each patient at different

times post-diagnosis.
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4.4.5 Relationship between clinical parameters and the breadth and magnitude of o
responses to overlapping DENV?2 peptides in IFN-y ELISPOT assays '

Chnrcal drsease grade had no apparent relatronshrp with the breadth or magnrtude of the T
cell response. With respect to~the breadth of responses, patrents with DHF grade I (n=]3)
recogn_ized on Aa\rerag'e 1.9 peptides (range Q-8) in ELISPOT,aSSays, which was'virtually
" identical to patients in grade II (n=17, 2.4 peptides (range 0-7)) or III (n=20, 2.1 peptides,
(range (.)-6)).>v0nly one patient with_A'-DHF.grade IV was recruited to the study,‘, although '.
- interestingly, PBMC from this individual recogniaed 10 dift’erent peptides. Like the 'breadth v
| of the response there were no signiﬁcant differences 'between the mean sum of ELISPOT
'responses recorded for patients in each of the disease grades (Grade I: mean+tstandard

deviation: 103+127, Grade II 117487, Grade III: 85:1:76 Grade IV: 110; see Frgure4 5).

.The magmtude of the responses to mdrvrdual peptides in each patlent was also compared to -
the minimum platelet count and maximum relat1ve increase in haernoconcentratron recorded
dunng hosprtahzatron. The' extent ‘of acute‘. haemoconcentratlon was determined by .A
comparing the .r'naxirnum. haernatocrit record'ed dnring hospitalization to the 'haematocrit '
recorded at follow—upA in each patient. This data ‘was available for 24 patients, all of whorn .
had detectable acute - ELISPOT responses. Correlation analysis revealed a signi.ﬁcant
o 'relationship (=041, P=004) between the rnagnitude of IFN-Y ELISPOT responses measured
on Study Day 5 and the extent of haemoconcentration in individual patients (Frgure 4 6). |
Conversely, the nadir of thrombocytopaemra d1d not srgmﬁcantly correlate with the sum of

Tesponses to peptides n individual patients (r=0.13, P=0.56).
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Figure 4.5 Relationship between clinical disease grade and the breadth and magnitude

of T cell responses to DENV2 peptides. Shown are the breadth o fIFN-yELISPOT
responses (4) and the mean o fthe sum o fIFN-y ELISPOT responses recorded (B) to peptide

antigens in denguepatient by disease grade.

87



Chapter 4: Spectrum and kinetic of T cell responses to epitopes in dengue viruses

50

40 ' o

% haemoconcentration

o 200 400 600 800 1000 - 1200

" SFU/million PBMC

'F.igure.'4.6 T cell respoﬁses ghd haémocoﬁcentratién. Shown is the correlation between the
sum ofindi\}idudl peptide—speciﬁc T cell .f’»esponses.detéctéd in IFN— yELISPOT assays .anc.I

- ?he mw?imdin p'-ercenﬁ_zge hqemocéncentrétibn }*ecordéd in each p.atie'n:t (P=0.04, Pea;’.lvon

. -correlation)l The maxfﬁzum péicentagé.haémoconcentration occurring in.éach patient was
deduc‘ed,.l;y"cuo‘mparisdn of haemétq’crit_ values obtained durihg hoSpitali_zatién to those o
obtained frdn paired cb_nvales&nt blood sampks _éollected Sfrom 14 to 31 days after hospital

- admission.

4.4.6 The minimum determinant and HLA restriction of T cells responding to Env,;;4s

For several of the peptjde ahtigens from 47 different peptides _that was found to evoke T cell
responses, we employed IFN-y ELISPOT gssay‘s with PBMC dépleted of eifher CD4" or
CcD8* T celis to identify the responding T‘cevll" subset. These experiments. identiﬁéd several
" peptides (capsidg2-s1, preM41.6(), Envyiiazs, 'N‘S345-59, NS3285.299, NS3550-564) that contain novel

CD4" or CD8+ T cell determinants (Table 4.3). Where possible, we attempted to predict the
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~ HLA restriction of CD8" T cell responsesby ‘compar:ing the HLA types of all individuals who
" responded to the pept_ide in question; In cases with only.one HLA antigen in common

between all the responders, we nominated this allele as the restricting determinant.

The peptide RMAILGDTAWDFGSL (Envnmzs) was alrrlOHQSt the most. freduently
recognized by patient T‘cells in ELISPOT assays. Cells ﬁom 8 of 39 patients recognized
Enva;1425 with a mean response of 153i76 SFU per rmllron PBMC (Frg 4. 7A) In ﬁve
patients, depletlon of CD4" or CD8 T cells from PBMC pnor to ELISPOT assay revealed

that both cD4* and CD8 T cell ennched fractions responded to Envm-m peptide stimulation

' (Frg 4, 7B). In two patrents truncated synthetic peptrdes and ELISPOT assays were used to

. determlne the mlmmum epitope wrthm Env411425 that was " recognlzed by CD8 T cells.
Peptrdes with the sequences MILGDTAWDF ILGDTAWDF ILGDTAWDFG and,'
‘RMAILGDT-AWDF were recogmzed-, equally well by PBMC enriched for CD8 T cells,
.suggesting thet s_equence ILGDTAWDl:_ (EnV4'14;422) rnay -represent the nrjnirrlum deterrninant i |
for C'DV8J}r T cell responseS'(Fig. 4.8). HLA typing of natients ‘possessi_ng CD8" T cells that
recogni_zed peptide Envaissz revealed that .'HLA-B*O7 was the onl)r cl_las.s‘I HLA antigen
shared Aby' all responders. We confirmed the HLA‘ restriction of Envy4i4-42> Vla a'C"l'L kllling
aSsay.'A short term T cell line generated fronr Enwmazé"pepvtide—s.timulated.PBMC from
BC5(l3,was lyticto a pepfide—pulsed BCL that shared only B*07 in common with the effector
cells (25% speciﬁc lysis at an effector to target ratio of 10:1 for Env;1;422 p?.ptide pulsed

targets versus -2.5% for targets alone) (F ig_. 4.9).
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Figure 4.7 T cell responses evoked by RMAILGDTAWDFGSL (Env4iM2) stimulation.
(A) T cell responses evoked by RMAILGDTAWDFGSL (EuViii-zs) stimulation from seven
adult dengue patients. (B) PBMCfrom five adult dengue patients who recognized Env4ii-42s
were depleted of CD4 or CDs T cells via magnetic beads. In each case, depletion removed
>95% of targets cells. Untouched PBMC and cells remaining after CD4 or CDS T cell

depletion were co-cultured with Env4ii-425s in IFN-y ELISPOT assays.
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o BC502
1000

Figure 4.8 Recognition by CD8+ T cells of truncated peptide variants of
RMAILGDTAWDEFGSL (Env4ii-425). Shown are the frequencies ofIFN-y SFU elicited by
truncated Env4ira2s peptides in IFN-y ELISPOT assays against PBMC from BC502 and

BC503 after enrichmentfor CDS T cells.
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Figure 4.9 HLA-B*07 restricted recognition of the Env4442 peptide. A CTL line from
BC503 was co-cultured in a 4hr s51Cr release assay with an Envsis.e22-pulsed B
lymphoblastoid cell line that matched the effector cells only at the B7 locus. Shown is the

specific killing attained at a 10:1 ratio ofeffectors to targets.
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4.4.7 Klnetlc and cross—reactmty of responses to Envm.m

To measure the dynamic and serotype specificity of T cells specrﬁc for EnV414477 yve

. prospectively identiﬁed six HLA-B*07-posit1ve patients with secondary dengue 1nfect10ns.‘ -

‘The dengue serotype responsible_ for the: current infection was determined in 4 patients: =

‘BC385, BC389 and BC395 were infected with DV2 and BC504 was infected with DV4.
 Virus was not detected in BC400 or 'BC414. Patients BC385 BC389, BC400, BC395 and.
. BC504 were classrﬁed as DHF grade II whilst BC414 was DHF grade I1I. Initially, the extent

of sequence variation present at Envyy4.422, across all four dengue serotypes was exarmned :

The sequence of Envsjs.422 in DENV1-3 was invanant_(ILGDTAWDF) WhllSt. DENV4Env414_
4z differed by oniy one amino acid (ILGETAWDF). The dynamic of T cell responsesto these
variant peptides were then: measured in 6 prospectively- identiﬁed HLA;B*074positive L
patients. Al] 6 patients responded to the HLA- B*07-restr1cted epitopes EnV414_472 (Fig. 4.10.A
“and 4.10. B) in ELISPOT assays w1th the peak response measured at Study Day 3 or 14
. ELISPOT"responses to each of the epitope variants were gener'ally simil‘ar. In samples from ’
. patient BC414 hoW’evei’ we observed ‘muchv stronger responses (6—foldj to the DENVI to
) DENV3 Env414-422 (ILGDTAWDF) epltope varlant than to DENV4 Env4l4~422A
_.(ILGETAWDF) Stronger responses to DENVI1 to DENV3 Env414-422 were also observed
in patient BC504 (3.5-fold at days 3 and 14) and patient BC395 (2-foid at day 14) but were '

" less pronounced.

The generally conc_ordant responses to the Envaisazn peptide variants were conﬁnned in
peptide titration assays using PBMC from BC400. ‘These: experiments indicated that the
fr’equenc'y of T cells responding to each of the B*07-restricted peptide variants was virtually
identical across ail peptide concentrations, including low peptide eoncentrations that are more

likely to reflect i;i vivo conditions (Fig. 4.10.C).
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Figure 4.10 Kinetic and cross-reactivity of responses to Envais«22- The data depict the
number of IFN-y SFU detected in PBMC enriched for CDs+ T cells from ¢ HLA-B*07-
positive patients with secondary dengue infections. PBMC were incubated with peptides
corresponding to (4) DENVI-3Envis.422 and (B) DENV4Env4js.422- Patients BC385, BC389,
BC400, BC395 and BC504 were DHF grade Il. BC414 was DHF grade Ill. Patients BC389,
BC395 and BC385 were infected with DENV2. BC504 was infected with DENV4. Virus was
not detected in BC400 or BC414. (C) A peptide titration experiment suggested T cells from
BC400 were cross-reactivefor the variant peptides DENVI-3 En>4j4.422 and DENV4Env4i4.422

even at low peptide concentrations.
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4.4.8 ' The'm.inimum détermﬁiant and HLA restri'cvti'on:of T Eells resp.onding to N 53550_'5;4
In IFN—y'E‘LISPOT'assé){s, patient BC313 (HI;A-A*24, A*26, B38, B15, Cw7, Cw3).
| responded to three non-o.\}‘erlai)ping NS3 peptides:‘ VAAEGINYADRRWCF (N835§0-554),
EAHFTDPASIAARGY (NS3s5.299) and IEPSWADVKKDLISY'(NS365-79).»Depletiqﬁ of
- CD4" or CD8" T cells from PBMC prior to ELISPOT éséay"indicated the responding cells
. were :CD8+ T cells (Fig. 4.11.A). The 'p_eptide spanﬁing NS365.7.9A contained a previously
deﬁﬁed ‘HLA-B*15-restn'cted.ep'it_ope, NS371.79 (Zivny, DeFronzo et al. 1999). Sinc;e patient
BC'3V13 was also HLA-B*I}positive, it was not further investigated. Two lines of evidence
s_l_lggested the NS355'0.564.‘peptidé contained an HLA-A?“24 epitope. Firstly, a péptide_
P containing this sequence héd previously been shéwﬁ to evoke T celi.réspohses in HLA- A*24_
' pos'iti»ve Vietnamese dengue patients (Lokc»:,_ Bethelj et al. 2001). ‘Second.ly,_'t,he sequénce
NYADRRWCF (NS355;.5;;;) ¢onfprmed to the c_ons‘énsus'A*2‘4 sequencé, Which predicts
V peptides with-a tyrosine or phénylal’aniﬁe af the 2"‘% posit.ion and an uncharged amino abid_ at
the C-témiinal anchor position. The minimum. détermihémt in NS3550.5é4 fhat evli.cited a
rcspénse- from patient BC31-3, who was HLA;A*24-positi§e, was. ideﬁtiﬁed by usihg
truncated peptides spanning the predicted epitope .in ;ELISPOT assays. _INYADR_I'{WCFV
'(NS3555.564) was the minimum iaeptide that e'x’fokedv the Strongeét respoﬁse at the lowest

_ peptide concentration from BC313 (Fig. 4.11.B). .
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Figure 4.11 NSssss.s64 is a CD8+ T cell epitope. In IFN-y ELISPOT assays, PBMC (study
day 3) from subject BC313 responded to the DENV2 NS3 peptide VAAEGINYADRRWCF
(NS3s50-564) in a CD8 dependentfashion (4). The truncated peptide INYADRRWCF (NS3sso-
sm) was the minimum peptide that evoked the strongest ELISPOT response at the lowest

peptide concentration (B).
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_ 4.4.9 Kinetic "and‘cross-rea‘ctivity ovfbre’spon‘ses to NS355(,564 o
- Responses of T cells to peptides, corresponding to all known: nétural ;Iariants'of the A*24—
restricted NS355%;564 »epitope, _were,mea-sur>ed' ir-1v>_16 prospectively recrui'ted,ll'HLA—A*24_
‘positive deﬁgue patiénts during early 6onvales§ence (_hospifal- discbérge). The séquénce of
4NS3'556.564~ was variant from four serotypes. T cell responses io any‘o.ne of the NS3ss6.564
variants were detected in 4 of 16 (.25%) subjects, suggesting this is not a dominépt epitope.
'Thé déngue serotype responsibie for the current infection was . determined in» 2 patients:
BC3 11 (infected with DENV4) and BC398 (infgqted with DENV.2).‘ In all patients, the peak
response_tov'eakch'of the_epitope _Qariants wﬁs f_écqrded on Study Day 14 (Fig. 4.12_).. Th_e'
_sbectrﬁm of réspoﬁses deteqtéd in éach of the four pa_tie‘rits varied éccordiﬁg to the peptide
_ éﬁtigen (Fig._4.12). Thus, some paticnts made m_dhotypic réspohs‘eski(BC_Slfi) vwhilst others'
~ had responses against 2 éept_ide variar}tsbv(.BC_’;l 1, BC398, 'BC404.).. In bothv patients wvherel
infonﬁétion on the infec’tin'g viral »se>rotype was ,ava-ii.ab;le (BC311-DENV4.a;’1d_:_BC398-
DENV?2), there Was ah ELISPOT res;;(;née to the NS3ss6.564 ebitopc matching the ;erowpé of
'virus 'fnediafing the éufrent infection, but alserll response to a sécond natufal N83556.564‘
epitope'sequéncé_(Fig. 4.13). Patients BC311 and BC398 alsvoAres‘ponded to the sééond
NS3556_.564 epitopé Sequence at iow 'peptide concentrations that is reﬂective ‘of' z'ﬁ Vivo

conditions (Fig. 4.13).
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Figure 4.12 Kinetic of T cell responses to NS3sss-ses. Shown are the kinetic and magnitude
of IFN-y ELISPOT responses in 4 patients with secondary dengue infection to each of the
recognized peptide variants ofNS3sssse4- PBMCfrom each patient was stimulated with (A4)
DENVINS3555564 (FQYSDRRWCF), (B) DENV2NS3sss-ses (INYADRRWCF)  (C)
DENV3NS355556¢4 (IKYTDRKWCF) and (D) DENV4NS3555564 (ISYKDREWCF). Subject

BC311 was infected with DENV4 and subject BC398 with DENV2.
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Figure 4.13 T cell responses to NS3ss5 564 variants during acute secondary dengue
infection. Shown are (A) peptide titration curves in IFN-y ELISPOT assays for PBMC
collected acutely (study day 5) from BC31J (infected with DENV4) and stimulated with
DENVA4NS3555564 (ISYKDREWCF) or DENV2NS3535M (INYADRRWCEF). Show in (B) are
peptide titration cwves in IFN-y ELISPOT assays for PBMC collected acutely (study day 5)

from BC398 (infected with DENV2) and stimulated with DENV2NS3sss.s64 (INYADRRWCEF)

andDENVJNS3<; 33564 (FOYSDRRWCF).
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4.5 - Disclission' o

' T'lymphocyfes (CTL)vpvla); an important role in the elirﬁinétion of dengue vir_us-iﬂfecied cells
~ (Kurane, 1994). identiﬁcation 1)f antigenic peptides recognized by dengue virus—'spe'ciﬂ_ch
o lympAhocytevs may suggesf novel ways to suﬁpress viral ‘.replic.ation and'preventpersistent :
_ ‘in'fection. Multiple peptides from the con;éwed regions Of the dengue §kus may’ti>e essential
~in the developmem ofa universally immunogenic vaccine (Pervikov. 2006). Ovef the lgst few
yéars, studies of, dengue patients have éuccessﬁllly identiﬁe_d several ﬁeptides tha't‘ are specific _
for CcDS* énd' CD'4f T iyfni)hocytes. Thé breadth and specificity of the responses of T cell to
aéngue viral aﬁtigens in populations of areas'Where dengue is endemic remain relatively
» poorly' characterized. This ‘sérologica'l gnd viroiogical : sfudy of Vietnarﬁese adults | with
: secondéry dengue virus infection mégsu_réd the breadt_h.a'nd frécjuency of the fésponses of T. '
‘ célls to 260 bveriapping p,epﬁdes from a DENV2 virus. A strength of the study is the large
-nﬁmbers of subjects_ and 'peptides included. 4One‘ of the key findings 1s that néither the bréadth '
nor rﬁégﬁitude of the recorded peptide-spe;:iﬁé T cell réspons‘es‘ was signiﬁcandy a‘SSOCiatéd
' with clinical dise;.ase grade or the serc;type of dengué Virus_mediéting the current infection..
Another ke}; finding was the‘ ideﬁtiﬁéatién of 34 différent peptide sequences thét potenfially
contained many novel T cell:epit.opes.- These é.ssays facilitated the identification of a novel

K HLA-B* 07-restricted epitope in Env and an HLA-A*24-restricted epitope in NS3. |

' Most studies of dengue yvifus-speciﬁc T cells was' conducted using T cell clonés generated
ffofn _ live attenuated dengue virus iracciﬁes, or less frequentlsl, frorﬁ dengﬁe '
' pa_tients(Dharakul, Kurane et al. 1994) (Gagnon, 2002) (Kurane, 1991) (Kurane, 1995)
(Mathew, Kurane et al. 1996) (Mathew, 1998). This study is the first attempt to kd‘eﬁne the
" relative antigenicit'y> of peptides from multiple dengué viral antigens in a large number of _

patients from a hypereﬁdemic' country. Peptides from the NS3 region were recognized by
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celis fr'ovm‘ more than_ half of all Vietna‘mese adult patients. In addition, they contained the
largest number ‘o_f_ antigenic peptides to which T cel] preferentially appear to respond. These
"results are consistent w1th previous studies that have emphasrzed the. 1mp0rtance of NS3 as.
the target of T cells (Mathew Kurane et al: 1996) Fourteen of the 30 NS3 antigenic peptides.
'(.47%) were clustered within a 124 amino acid long stretch of NS3200.;24 that represents 20%
of the whole protein. N.S320‘o.324 is highly conserved (78%) across all four serotypes of dengue
'virus, con'taining rnotifs and charged residues that are essential for helicase activity and ‘viravl ‘
replication (Matusan, 2001) (Matusan, 2001). Given the conserved natlrre of NS3.(68%), and
particularly_- NS32§0.324, Iit' seems’ likely‘ that rn'any' of the NS3TderiVed antigenic peptides
“identiﬁed in this snidy were targets of reactivated, dengue virus cross-reactive T cells that
. were primed hy a previoius dengue virus infection. In addition the breadth andmagnjtiide of
the responses to DENV2 peptides in patients mfected with either DENV1 or DENV4 were
' equlvalent to patients mfected with DENV?2. This observation supports the contention that
~ serotype cross-reactrve rather than serotype-specrﬁc T cells dommate the acute response
durmg secondary mfection In patients infected with DENV2, there was 1o ev1dence that the.
T cell response to DENV2 peptides mcreased in breadth with time since secondary 1nfect10n
All patients in this stu‘dy‘ experienced a secondary. infection, suggesting that a previously
‘mounted immune response against the virus is_.being boosted, a phenomenon referred to -as
“original antigenic sin” in the antibody response. This siiggests the early, cross-reactive T
cells’ response _rernains dominant in late convalescence when the memory T cell pooi has
been established. This is suppoxted by a previous study done with Thai schoolchildren in
which dominan‘ce of cross-reactive T cells was observed amoné DENV-speciﬁc memory T
cell 12 months after secondary DENV infection (Mathew, 1998). It is thought that peptides of

non-structural proteins recogniz'ed by both serotype-specific and serotype cross-reactive
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CD8" CTL. will have ‘important implications for the design of effective subunit vaccines

‘ (Livingston, 1995).

Thc purpcse of peptide titration (ﬁgﬁre 4.13)- 1s to show whether scrotypc cross-reactivcf'
© exists ih parallel with serotypeQSpeciﬁc T cells at the acute responéc during secondary.
~ infection. The response of DENV infected patients to the Second NS3 epitope sequence was
virth:ﬂly identified at all pcptide concentrations, including low-peptide concentrations that is
likely reflective of in vivo conditions. Although the figure shows lesser response to ihfectihg
strains at lower concentration, the differehce is not signiﬁcaht. The'ELISPOT_ respcnses to

infecting and second epitcpc peptides are equivalent in breadth and strength.

In this ‘study, several patients clso responded tc the pfot‘eihs .cai)sid,' .preM/M, Env, and NS4a.
- The capsid protein cohtains a C-Vtermingl‘hydrcphobic ddrha_in ahd is present_in infected cellc.
This hydrophobic domain may serve to locélize | ah assefnhly ‘of nucleocapsid at .the
membrane site and fuhction as a si’gnal sequence for prtM _(Buli,ch and Aaskov VlQ?i).v The E
-protein 1s ‘th_o.ught tc contain peptides that predonﬁhahtly induce virus-neutralizing‘ antibody
responses. This protein is responéible 'fof vxrus attachment to suscep'tible _cells and
- consequently Virus_ growth. This antigen also inedigces vims-speciﬁc ‘membrane fusion, which
‘ presumably allows the hewly infecting vifus to escape the endocytic vesicle and initiate lits
intracellular replicatjon Cycle- (Gubler, 1999). NS4A .an(vi NS4B may be involved in
» membrane localization of NS3 and NS5 feplication complexes »via protein-protein i_nteractio'n,
since the NS3-NS5 complex is weékly acsoci'atcd with the rhe_mbrane in spite of its
hydrophilic characteristics (Chambers T.J.,  1990). Unexpectedly, identified _ éntigenic
.peptides Werc not associated with any recognized conscrved'structural motif (prOfein C, 'E',

pr_M/M).
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The - mechanlsms underlymg the 1ncreased vascular perrneabrhty that occurs in some
.1nd1\r1duals followmg secondary 1nfect10n with a dengue virus remains poorly understood In.
 this study, no 51gmﬁcant d_rfferences were observed in either the breadth or mag_mtude of the
:totat T cell response between patients with different clinrcat disesse grades. We did, however,
.observe that the sum of peptide-specific responses measured in_ELISPOT assays correlated,
albeit 'we.a‘kly,..with the extent of hernoconcentration_ recorded‘_in each patient. These data ﬁt‘
~ with the general observation of relatively greater rmmune activation in patients ‘wrth severe
: dengue disease. For example, relatively higher ﬁ'equencies of activ_ated, crossreactive CD8'T
cells (Mongkolsapayzr, 2003) (Zivna, 2002) and a range of direct and indirect morkers of
» ‘CD4‘+ and CD8" T cell activation haye been associated"jWi'th increasing disease seuerity
' during 's-econdary_ infection (G‘a.gnon 2002) (Green, 1999) (Green 1999) (Green, 1999)
| -(Juffne 2001) (Kurane 1991) An 1mportant distinction of this study is that we performed a
' comprehenswe analysrs of the functional T cell response in adult patients- to 260 peptldes-
spannmg ﬁve viral anngens as opposed to an anal'ysrs of responses m'chlldren to a smgle
- CDs8" T cell epitope - m other studles (Mongkolsapaya 2003) (erna 2002). Other
confoundmg mﬂuences such as ethmcrty, HLA background -and v1ral factors may also

- explain differences between thrs study and those that have been reported pre\(lously. _

Two novel Clh)v8+ T cell epitopes were identiﬂed in this study. The peptide Envajj42s was
among peptides evoked the highest responses of T cells in. ELISPOT assays from‘dengue
patients.' Responses to the ‘HLA-B*O7-restricted epitopes Envaii4zs Were ‘detected in all
prospectively identified HLA-B*O7-positive patients, suggesting this is a dominantepitope. ‘
~ The rationale for -stud;dng the NS3ss0_s64 peptide was threefold.A First, previous studies had
suggested this peptide might contain an HLA-A*24 epitope (Loke, 2001). Second, A*24 is

one of the more common alleles present in the Vietnamese population (33%) and hence an

102



- Chapter 4: Spectrum and kinetic of T cell responses to epitopes in dengue viruses

T A¥24 epitoi)e might bé | w..idely reccl)gni‘z'ed. | Thlrd, A*24 hés “been associated with ,
' ...susceptibility té DHF iﬁ :Vietn.amcsle clllildrAenb(Lbke, 2001), suggestiﬁg irﬁmune responses
:;gstriéted' thl;o"ugh this all‘ele’migl‘llt. be»boorly protective and/or pathogénfc. Résponses to fﬁé o
:A*24v-rest'ricr:tedv NS3ss6-s564 §pit6pe w>ere> detected in a minoﬁty 'of: HLA—A*24- posifivéf
patients, sﬁggesting that if is not a dominant epitope. Cénéistent with other studies on |
unrelated epitopes (Mongkolsgpayé, 2003)_ (Zivnq,. 2002), responseé to the CD8* T cell
. epitopes defmgd in this study were generally strongest after the patient had been discharged _b )
- from hospital (St_udy day 14), suggesting that thé antigen méy continue to persist; possibly in
the form of immune gorﬁplexes, well ‘aft'erﬁ the resolution of viremia: Other exp]anatidn for
 this thaf there might be higher levels '.of apoptésis in PBMC of pati¢nts with DHF, ihdicating
" .'that T g:éll expanéioﬁ dﬁriné écuie DV infection may be balanced by apoptosis- so the peak ;
_ responsé to th(".'_CD.S+ T cell epitqpes was not recorded at ‘discharged day (s_tudy day 3). The.'
‘ establishment ofa library'of deﬁnéd T cell.epitopés from dengqe viruses‘ will help to define
- the ?ole of T cells in iMunity aﬁd disease pathogenesis.' They »should also p?oVe i;scful i'n
- méaSuring the immunogéhicity of live dengue v1rus vaccine candidates (Edelman, 20.03.)-

(Gwinn, Sun et al. 2003) (Sabchareon, 2004).
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Chaptet'S' :

Timing of CD8+ T cell responses
~ in acute dengue infection

104



vC_hapter 5: Timing of CD8" T Vcell responses in acute dengue infection

Chapter 5: Timing of CD8+ T cell responses in'acute dengue infection
5.1  Rationale

' Results from the genetrc susceptlbrllty study (see chapter 3) suggest that HLA class I and II
restrrcted cellular 1 1mrnune responses 1nﬂuence susceptibility to DHF However thrs genetic
study does not. provrde any functional evrdence for the mechamsm by whrch HLA-restricted

‘responses might take effect. In order to understand the role of T cells 1n natural dengue
infection, be it recovery or pathogenesrs, we would need to study cellular 1mrnune responses

" resulting from natural dengue infection.

Data on DENV-eprtope specifi c responses during the febrile phase i is sparse We prevrously
showed that DENV eprtope specific responses are drfﬁcult to detect in the acute febnle phase
by ELISPOT assay and that the magmtude or breadth of early convalescent responses was not- -
‘assoc1ated wrth the _chmcal phenotype (chapte'r'4). Srmrlarly, Mongkolsapaya et al showed
CD8" T cells specifrc .f‘or.thedominant HLA-A*1 l-rest'ricted epitope NS3,33.142 Were present - .
only at‘.very low _frequen_cy;dun'ng the febrile phase of dengue in Thai_- children,' but vvere

readily detected in early convalescence (Mongkolsapaya iDejniratti‘s‘aiA et 'al. 2003). Other

' ‘studles to characterrse DENV-epitope specrﬁc T cell responses have used PBMC collected in
late convalescence and so itis drfﬁcult to know whether these ﬁndrngs can be extrapolated to
| ‘the febrile phase (erna, Green et al. 2002; Bashyam, Green ‘et al. 2006). A thorough_

characterization of DENV-epitope specific immune response in people experiencing natural -
dengue infections, especially ,those‘ who live in dengvue-endemic. regions, may contribute
towards the understanding of DHF pathogenesis and the role of cellular immune responses in

“dengue infections.
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A syStemétié dés’cripfion of the kihetiés of CD8:+,{T cell acti\./_ation,'and ’parﬁchlariy DENV- o
sj)eciﬁé cps* T cells, in thé qoﬁtext of dyﬁarﬁié changeé in viréemia and ha_emoconééntrétion :
would provide furthé_r ihsighté iﬁfo 'the. role.of thése céllé ,ir;bimmunity and patho’genesis._ To-
.,this 'end,' the éirﬁ Qf the cﬁrrent study was to measﬁre' the timing of specific aﬂd nén-speciﬁc
CD8+ T cell responsesv and vi'rplbgical and clinically i?hpértani h'aematolo'gic.al eventé during

the febrile phase of dengue.
5.2 Patient recruitment

Two prospective studieé are ‘des.cribed. In the fuét study, consecutive children (<15 yrs) with
‘ susbgcted dengue and léss fhan 72hrs of .illness Were erirolled at a private Clinié Ain'HCMC,
Viet Nam between October 2007 and'March' 2068. All patien_ts wér_e exarflin.ed by the samé
E ;.)hysician“ (TVN).- Blood. sérﬁples wére cOlléct_ed .da.ily‘ during the febn'le-‘.'period for
measurement of virgemia and :routiné haematologiéal-invéétigatibns. Convalescent blo.od

- samples were obtained 2-3 weeks after first presentétion.

Tﬁe 2n stﬁdy was a brospective study of children with dengue at Paediatrié Hospital #1 and "
#2 between ~Augﬁst 2006.and March 2007. Inpatiénts ébove 6 months of age wifh suépeéted

- dengue and fever for less than 7 days were enrolled in the étudy. All patients were assessed
daily by a study physician and had daily serial haematological measﬁremen_ts andv an

“ultrasound within 24hrs of defervescence.

For both studies, if patients received laboratory 'conﬁnnatio_n of dengue then World Health
Qrganization élinical classification - criteria (Organisaﬁon 1997) were applied to each case.
-Written informedconsent §vas obtained from a parent or guardian of each s.,tu'dy. participant.
-The study protocols were approved by the Scientiﬁc and Ethical commjttees ét each
pértiéipating hospital. .'
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© 53 Summary of siudy method

.In‘sfvl_xdy'%#l, T cell phenotyping sﬁining'waé roﬁtiﬁély pefforrned' bn frésh whol}e bloéc_l.
| Staining fpr l.intracéllular mérkcrs of cellular érolifefation (nuclea? antigen Ki-67) and‘ sur'facev
. markers of ._activation'(CD:38+ andeLA-DR+), \.Jvere performéd at enrdlme;nt and every 2
day on fresh whole blood‘sample‘s. To examiﬁe DENV-speciﬁc responses, whole blood
Samples ﬁ'qm each studyv Iparticipant was stained at enroirnent and then every second 'da.y with
~a péol'of HLA-class I tetrame‘rs carrying the HLA-A‘*I 101-restn'cted NS3i33.142 peptide frém
- DENV-I,'DENV—Z and DENV-3/4. The limit of detec"cion.was set at 3 times the standard .
- deviation of ;he mean ‘percent‘age .'of tetramer p;)sitive -event's in 23 patients' with no

virological or serological evidence of acute dengue.

In study #2, T cell te_trainér' staining was perfofmed to paired (study enrolment and early
convalescent) peripheral bléod samples by using same pooled tet.ramers‘a"s study #1. Patients
with blood samples were.eve'r positive with the pooled NS3133;142- specific tetramers were

confirmed as being HLA-A*1 l-pbsitive by SSP-PCR.
» 54 Definition

In study #i, the ex.tent of hagmoconcentration in dengue cases was determined by cofnpa.rin.g
the‘ makimum hz_lematocritvrecorded during the ‘acute phase.with the baseline haematocrit. ‘
Baseline ilaematocrit was defined aé the lowest of either the value recorded before day 2 of
illness if platelet count Was >= 200,000 (available for 6% éf patients), or the value recorded
ét follow-up 2-3 weeks after illness ohset (aya,ilabie for 82% of cases), Aor a mean of age- and

sex-matched healthy population value (13% of cases).
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In -study_#-z_, theextent of haenroconcentration was de’termined by cornparlng the maximum
: haematocrit irecdrded during hospitalisation with a mean age- and sex—rnatched healthy
| population baselme haematocrlt These populatlon values were determm.ed from Hct values _
measured in healthy ch1ldren attendmg the Hosp1ta1 for Troplcal D1seases for follow-up study‘

. visits. The reference Hcet valuesfor males were; age 1—4 yrs, 34.4 (n=5); age 5-9 yrs, 36.0
(n=116); age 10-V13vyrs,-‘37.7 (n=l-90); age 14-15 yrs, 40.2 (n=54§. vThe reference_Hct values
forvfe‘male_s were; agel-4 yrs, 33.0 (n=4).; age 5-9 yrs, 362 (1d_=111)t age lQ—lS yrS, 37.8 '

© (n=188); age 14'-_15 yrs, 37.0 (n=34).A

The platelet nadlr in study #1 and #2 studies was deﬁned as the lowest platelet count recorded
in patlents w1th a minimum of 4 platelet counts The day of defervescence was deﬁned as the
day the fever dropped below <37 5°C (ax1llary) and remained so for 48hrs The day of 1llness ‘

'was as self-reported by the patlent s parent or guardran._ N
| 55 . 'Statisti_cal analysis _
The nonparametric Mann-Whitney test was usedto evaluate differences in. frequencies of -
‘,HLA-A*I_lOl-'re_Stﬁcted NS’3133,14z-speciﬁc CD8+T‘cells during the course of disease. P-

values lower than 0.05 were considered statiStically significant. The program Prism (version ‘

5.0) was employed for analyses (GraphPad‘Software, San Diego, CA, USA).
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5.6 Results

5.6.1 Charécteristics of stud_y population : |

(_,‘hildren' With dengue are not usually hospitallised until_‘ the 3—4“‘ day of illness so all clinicél

finding ﬁom'dengue infecfed children ha_Vé not been recorded in the v.er_y' ea:rly_phaséof |
diseases. 'fo focus on the éarly chnts-df déngue patients, we berfomied a community Based

| study. This élldws us to. follow a cohért of patients'_from.iﬁrst presentation t&ough all the

| various sfages of disease. This s>tudy‘ was cérﬁéd out at private clinic, district 8, Ho Chi Minh

City, Vietnam.

" The characieﬁsﬁcs of the 126 p,at'ients_.inv \&hom CDS8" T cells were phehotype_d aré"de.scﬁbed
in Tablé_ 5.1 "I’hesev‘ bati_ents >W"er'e a subset of 138 cbﬁsécutively enrolled patients at an
. outpatient pnmary care c.linié of whom there were 12 patieﬁts who were not investjgétéd due
to. inadequafe' samples v(cl:lo"tteic_i 6r inspfﬁcient ,sam_.ple). Afnong'st the .126 enrollled and
: inves‘tigated‘patie'gts ther:;c. Wéré 103 pétients with laeratory confirmed DENV infection and
~23 patiéhts with other febrile illnes;es (CFI) that wé;e_not deﬁgue (Table 5.1). Theré were 92

- patients who retufned for follow-up 15-30 days after enrdlment.

| After applying‘WHO criteria (Orga'nisation- 1997) to each dengué case, there were 17 DHF
patients and 86 DF patients. Dﬁﬁng the beriod time ..of study, the mean‘-nadir of the platelet
. count of thg DHF patients Wés_ considerable lower thaﬁ of the DF patients, 47,100 (range,
11,600 to .88,3(50) vs. 116,000 (range, '35,200 to 270,000) resbectively. And the average
méximum perceptaée c;hang;a in .hematocr_it attained of the DHF patients was significant
higher than of the DF patients, 27% (range, 22 to 53%) vs. 8% (range, -13 to 54%)

respectively.
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Table 5.1 Characteristics of the patient population in whom serial blood samples were

investigated for CD8+ T cell phenotype and frequency of NS3;33.142- specific T cells.

Other febrile

DF (n = 86) DHF (n = 17) iliness (n=23) P
Median (range) Median (range) Median (range) value ®
Variable or No. (%) or No. (%) or No. (%)
Male sex, no. (%) 40 (46.5) 12 (70.6) 14 (60.9)
Age (years) 11 (4-15) 13 (8-15) 11 (5-14)
Day of illness® 2 (1-4) 3 (1-4)
Fever day™® -3(-5t0-1) -3(-6to-1)
Infecting serotype, no. (%)
DENV-1 39 (51.3) 10 (58.8)
DENV-2 10 (13.2) 3 (17.6)
DENV-3 26 (34.2) 4(5.3)
DENV-+4 1(1.3)
Secondary infection, no. (%) 60 (69) 14 (76) ‘
Log10 of peak viremia,
) 7.37 (4.45-9.90) 7.81(5.88-9.63)
mean(range), cDNA copies/mL
. 116,000 47,100
Platelet nadir, cells/uL : < 0.001
(35,200-270,000)  (11,600-88,300)
Maximum hemoconcentration, % 8(-13 to 54) 27 (22 to 53) < 0.001

NOTE. Data are median (range) values, unless otherwise indicated.

? Mann-Whitney U-test.
® at time of study enrolment

® the day of defervescence (axillary temperature) was regarded as fever day 0.

5.6.2 The timing of overall activated CD8+ T cells during dengue infection

Cellular immune responses in children with dengue in the early events of dengue diseases

have not been described elsewhere. To study the timing of overall CD8+ T cell activation in

the relation to the course of disease and correlate response to viraemia and clinical outcomes.

We therefore studied the phenotype of activated, proliferated CD8+ T cells in both acute and
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, early convalescence dengue mfectlon of paedlatnc patlents w1th mtracellular and surface
: marker such as K1-67 CD38, HLA-DR The study ‘was pnmanly camed out dlrectly on fresh
‘whole blood whlch provrdes a more sensrtrve staining | than the -use of purlﬁed perlpheral_

- blood mononuclear cells

Our studles show that the frequency of double marker activated CD8+ T cells was hlgher in
:dengue mfected patlents as compared to control during the course of acute dengue infection.
‘The populatlon of activated CD8+ T cells appeared low level at febrile phase but increased in -
afebrile phase. Asi we expect' the frequencies of activation markers were reduced in the .
follow—up samples. We observed a srgmﬁcant increase. in the. activated CD8+ T cells in

-dengue patlents after defervescent day, peak at fever day 0-3 (Frgure 5. lA-C)
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Specimen 001-DRIZ8212/01/08 Experiment Name: FR 6abs/Itube 07/01/08..

Specimen Name: Specimen_001

Tube Name: DR1282 12/01/08
Record Date: Jan 13, 2008 7:25:25 PM
GUID: 39e587e3-2363-47c8-8f..
SOP: Administrator
Population #Events %Parent
I All Events 105,350 #H#H#H#
m P1 52,419 49.8
o P2 11,660 22.2
®Q1 1,273 10.9
SQ2 1,998 17.1
SQ3 7,200 61.7
Specimen_ QQ1-DR1282 1: SQ4 1,189 10.2
. S oM 3 0.0
-1 S oM 3,236 27.8
SQ3-1 1,587 13.6
SQ4-1 6,834 58.6
SQ1-2 12 0.1
S Q2-2 3,257 27.9
SQ3-2 1,683 14.4
S 04-2 6,708 57.5

CD8 PE-A

Specimen QQ1-DR1282
©

CD38 PE-Cy7-A

Figure 5.0 Flow-cytometry plot showing an example ofdouble markers stainingfor CDs + T
cellphenotype (CD38/Ki67).
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N= 2 9 24 2949 44 51 5525 6 1 4 17 19

Figure 5.1 Frequencies of activated CDs+ T cells during the course of acute dengue
infection and follow-up. Shown in each box and whisker plot is the percentage of CDs T
cells that were double positive for Ki-67 /HLA-DR (A), CD38/Ki-67 (B) or CD38/HLA-DR
(C) from 103 dengue patients by fever day. Fever day 0 was regarded as the defervescent
day. Days prior tofever day 0 are designedfever day -1(1 day before defevescence), fever
day -2, etc. Days after defervescence day arefever day I, fever day 2, etc. The number of

patients that were evaluated on each dayfor T cell phenotype is shown below panel C
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5 6.3 Clrculatlon of surface-actlvated CD8+ T cells and thelr relatlonshlp to vxraemla N
dynamlcs o o

There were 93 patients with a measurable viraemia at enrolment, with DENV-I the most
prevalenf serotypeldétécted (49/93 (52%))‘(Table 5.1). Staining Vfobr iﬁtracellhlar marke'rs of
fcell'ular‘ 'pfdliférétidri (nuclear anﬁgéh Ki-67) and surface markers of activation (CD38" and

'HLA-DRf), were performed at ehrolrhent and every 2™ day on fresh whole blood samples.

' Results are shown for DENV-1 and DENV-3 only as the Sample size fdr other serotypes was .

small. Double-po'sitiv.e' CD8" T cells (CD38"HLA-DR', CD38'Ki-67" or HLA-DR'Ki-67"

 were mcreased in blood only when the DENV-1 (Figure 5.2A; C, E) or DENV 3 (Flgure L

5. 7B D, F) viraemia had already begun to declme Indeed phenotyplcally actlvated CD8" T .
cells were most promment afterdefervescence, a time when most patients: were aylraemxc. _
g vCollecAtivély, fhes¢ data suggests the cOmr‘nex.icementl of clearance’o.f yiraémia, and ‘a sizable 1

3 fractiod of the resolved viraemi,a,v décurs in the absence of measuréble peﬁpherdl blood T cell '

 activation as defined by the activation markers used here.
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| Figur‘e 5.2 Relatidnship ‘bétweeri Kinetics of viraemia and the appeérance of surface
aétivated CDS8+ T cells in .’per‘ipheral blood. .Shown in e_éch pqrzel are the m'ea.n :(i95 % CI) 
of DENV-1 (panel A, C and E) or DENV-3 (panél B, D.-and F) vz;rdelnia levels in serial
plasma samples from vchildren with DF (DENV-1, n=39 and DENI_/-J",. n=26) or DHF
| (DENV-1, n=10 and DEN V-3, n;4) by fe?er day. In each panel, the box and ,whisker‘plois
represent the percentage of CD8" T cells fhat were doz;tble positive for ‘CD38/ HLA-DR -
(panel A, B), CD38/Ki-67 (panel C, D) or HLA-DR /Ki-67 (panel E, F). The number of

patients that were evaluated on edch'day ére shown below ‘panels E and F.
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5.64 CDS8" T cell actlvatlon and their relatlonslup to thrombocytopaenla and vascular " o
leakage , :

Thrombocytopaema and vascular leakage are two of the most ptormnent features of DHF In _
:DHF patlents_ (n=17), haemoconcent[atlon began durmg the ~febr11e'pha_se and on avera’ge |

. peake'd 1 day tfever day -1) 'before defetvescehce (Fig. 5.3A B and. C) Similarly, |
thrombocytopaema was ev1dent dunng the febnle phase and before mcreased CD8 T cell |
' actlvatlon in DHF patlcnts (Flg 5.4A,B and C).In contrast an increase in the percentage of E
surface activated CD8" T cells (CD38 HLA—DR CD38"Ki-67" or HLA-DR Ki-67+) did not A
occur in DF or DHF patients until the day of defervescence (F1g 5.3 and F1g 5. 4) suggestmg

' ’haemoconcentratlon and thrombocytopaema in DHF patlents commenced in the absence of

N any increase in the percentage of surface actlvated CD8 T cells in penpheral blood
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Figure 5.3 Relationship between haemoconcentration and the appearance of surface
activated CDs+ T cells in peripheral blood. Shown in each panel are the mean (£95% Cl)
percentage levels of haemoconcentration in serial plasma samples from children with DF
(n-s6) or DHF (n=17) byfever day. Haemoconcentration was measured against autologous
convalescent samplesfor 82% ofpatients. In each panel, the bars represent the mean (£95%
Cl) percentage of CDs + T cells that were double positive for Ki-67 /HLA-DR (panel A),
CD38/Ki-67 (panel B) or CD38/ HLA-DR (panel C). The number of patients that were
evaluated on each day for either T cell phenotype or level ofhaemoconcentration is shown

belowpanel C
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Figure 5.4 Relationship between thrombocytopaenia and the appearance of surface

activated CDs+ T cells in peripheral blood. Shown in each panel are the mean (£95% Cl)

platelet count in serial plasma samples from children with DF (n=s6) or DHF (n=17) by

fever day. In each panel, the bars represent the mean (£95% Cl) percentage of CDs + T cells
that were double positive for Ki-67 /HLA-DR (panel A), CD38/Ki-67 (panel B) or CD38/
HLA-DR (panel C). The number ofpatients that were evaluated on each dayfor either T cell

phenotype orplatelet count is shown belowpanel C.
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5.6.5 - DENV-specific CD8+ T cell responses and their relationship to vascular leakage
Previous studies have suggcsted the thé.envelope and NS3 proteins are frequent targets of

'im'mune_ responsesv in ﬂai{ivirusvinfections, including déngue (Kurane and Ennis 1994), .

- (Mathew, Kurane et al. 1996). Our previous finding is c_ohsistent with these findings 'thét

have emphasized the importance of NS3 as important T-cell targef (chapter 3). The result

found a T-cell response to peptide FSPGTSGSPIIDKKG, which covers NS3 residues 130-

144, in four of 39 patients.. This result are in ‘agreement with Mongkolsapaya et al shown .

péptide NS3133-142 as a dominant, DENV-specific HLA—A*liOl-restricted T cell epitope

(Mongkolsapaya, Dejnirattisai et al. 2003). HLA-A*11 is one of the most ﬁéquent alleles_iﬁ

Vietnamese population (Loke et al, 2001). To examine DENV-specific responses, whole

blood samp‘les (median, 4, raﬁ_ge, 2t06 sainplcs investigated per patient) from each study
paﬁic’ipant was stained at enrolment and theﬁ évery second day with a pbol of HLA-class I
tetramiers carrying the HLA-A*] I-restricted NS3133-142 peptide from DENV-1, DENV-2
and DENV-3/4. Of the 103> deﬁgué patientsv,'33 patients (32%) had at least one sa_rﬁple v"vith a
_ measurablé NS3133-142- s{pcvaciﬁc’tetramevr staining populatfon of CD8+ T cells, ‘includiﬁg 9
denguev patients with DHF and 24 dengue patients with. DF (Figure 5.5). Thg: mediap fever
| day on which tetrémer positiv¢ cells were first detectea iﬁ the 9 DHF patients was +‘1 (fange_ -
3 to 12) and fhis was‘2 days later than the mean peak in haemoconcentration described for

these patients in Fig. 5.3. -

Amongst the 33 patiénts who were ever tetramer positive, NS3133-142-specific T cells were

detected during the febrile phése in lesé than half (13/33, (39%)) the cases. In the early

convalescent afebrile phase, measurable NS3 133-142-Speciﬁc CD8+ T cells were present ina .

sighiﬁcantly greater proportion of patients who were ever positive (2?;'/33 (70%)) (P =0.02).

The percentage of circulating NS3133-142- spe_ciﬁc CD8+ T cells during the early
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p g A yZ g A

_coniralescence phase was sighiﬁ"canvt.highér than,dining»the febrile _phasé (paired t test, P=
'_0.037) (Fig. 5.6): These results suggest NS3133-1‘42;spéciﬁc'CD'8+'-T cells reach measurable
: -frgquenc':iesv' around -the time " of defervescence and after the commencement of

'haemoconcentration in DHF patients.
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Dengue confirmed patient Non-dengue patient

DF (n=24)

Fever day

Figure 5.5 DENV-specific CDs+ T cell responses. Whole blood samples were double-
stained with apool of PE-conjugated HLA-A* 11 tetramers carrying the HLA-A* 1 1-restricted
NS33s.102peptidefrom DENVI-4 (Tetramer Al 1 (GTS) PE) and APC conjugated monoclonal
antibody to CDs (CDs APC). Panel A shows the specificity of the A1l tetramer. Flow-
cytometry plot showing detection of NS3i33.142-specific CDs + T cells in whole blood of
dengue confirmed patient (left) and non-dengue patient (right). Panel B and C show the
frequency of NS3133.142-specific CDs + T cells in whole bloodfrom dengue patients with DF
(n=24) and DHF (n=9) byfever day.
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P=0.037 . -
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Figure 56 Frequencles of N‘i3133.14z-specfic CD8+ T cells during the febrile and

: afebrlle phase Serzal whole blood samples from 1 03 children wzth dengue were stained with .

a pool of tetramer_s (DEN V-1, 'DENV-Z a_nd DENV-3/4) speczﬁc for NS3 133- 142-sp'ecﬁc CD8 T

. cells The scatterplot shows the ﬁequencv of tetramer - staining NS3 ;3. 142-specf ic CD8 T

cells in mdlvzdual patient samples accori dmo to whether they were detected dur ing the febrile
ph‘ase' (fever day, FD, -6 to -1) afebrzle plzase (FD 0 to 3) or con.valescence (FD 1 0—24).

The frequency of cir culatzng DENV- speczf cCD8" T cells at early convalescence phase were

szgmf cant hlgher than at febrzle phase (P 0.037, by Mann- thtney test). The lower limit of |

detection (solid horizontal lzne) was def ned as the mean plus 3 standard deviations of the
frequency of tetramer-positive staining events in. blood samples from patients with no

. evidence of dengue (62 measurements in 23 non-dengue patients).

5.6.6 - Timing of DENV-speclﬁc CD8 T cell responses in relatlonshlp to haematological
markers

To explore more fully the relationship between the appearance of measurable NS3133-142-

specific T cells in blood and haemoconcentration and thrombocytopaenia in a larger patient _
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:pbopl»ilation,u pooled Ate.tramc’r'sv- _Werc ﬁéed ‘to sfai_n 'paired (study énrolm;:ﬁt v‘and eafiy’ -
: péﬁvaléscent) peﬁpﬁeral bldéq éémplés '_from_ 422 children hospitalised With suspected_-'

: .de.ng;le, fof wﬁom 390 .:Were laboratdry ._conﬁnne;i. Thg : characteristi'cs“_ qf this patiéﬁt :

po'p'ula'ti'on‘ are des.f:ribed_ in Table 52 At _enrolr'hént,' the median illness déykwas 4 déys (rangé |
1—6) aﬁd the median nﬁmber of days priof to defér;/ésceﬁce 2 days (range -6 to 0). Amongst
the 390 patients with laboratory conﬁrméd dengue, &ere were 62 (16%) patients (41 with
5 DHF and 21 bwith DF) with blood ‘sar.nplgs that'werg ever bositi\ze with .the pooled NS3133-
- .142- spe.ciﬁc tetrar'rllers.‘All 62 patiéﬁts were conﬁ@éd as being HLA;A*.I 1-positive by SSP-

" PCR.
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“Table 5.2 Characteristic of the patient population in 'whom“tet'ra‘mer‘ staining was

- performed for NS3;33.14;- specific T cells

Tetramgr pbsitive

Tetramer negative

Log 10 of viremia, mean (range),

'cDNA copies/mL®

- Platelet nadir, cells/pL

. Maximum hemoconcentration, % -

| 6.82(3.98-977)

61,000 (33,000- -

124,000)

13.9(22-19.4) -

'7.49(3.78-12.21)

36,000 (10,000-

96,000)

DHF (n = 41) Dengue (n=328)
. DF (n=21) . 5
Variable - median (range)/ No. median (range)/ No.
median (range)/ No. (%) .
(%) (%)

"Male sex, no. (%) ~13(61.9) 25(60.9) 176
Age (years) 10(3-14) 10(2-15) 10(1-15)
Day of illness at enrolment - 3(1-4) - 3(1-6) 4(2-7)
Fever day at enrolment ® 2(-3t0 0) -2(-510 0) -2(-6 t0 0)

* “Infecting serotype,. - R o o
DENV-1 ' 4 (22.2%) 12 (31.6%) 186(63.9%)
DENV-2. 10 (55.6%). 19 (50%) 83(28.5%)
DENV-3 . 4(22.2%) 7 (18.4%) 21(7.2%)
DENV4: - _ S 0(0%) "0 (0%) 1(0.3%)
Secondary infection, no. (%) '18(85.7) ©34(82.9) 247

6.80(3.03-11.83).

50,000 (1,000- °
'270,000)
22(-22.6-52.78) .

| 28(10.554.1)°

NOTE. Data are median (range) \)alues, unless otherwise indicated.

N Thé day of defervescence was regarded as fever day 0. .

® DENV viraemia measured at enrollment.

¢ one patient without vhaemoconcentra.tion but with pleural effusion by ultrasound finding

Daily haematocrit measurements indicated haemoconcentration (>20%) was first present a

median of 1 day (fever day range: -5 to 2 days) prior to defervescence in the 41 patients with

DHF that were ever positive with the pooled NS3133-142-specific tetramers (Fig. 5.7A).

Thrombocytopaenia of <100,000 cells/mm3 was also first detected a median of 1 day (fever

~day range: -5 to 2 days) prior to defervescence in the same patients (Fig. 5.7B). In contrast,

NS3133-142-specific CD8+ T cells first became detectable in DHF patients on fever day +1
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. (fet/er day range: -3 to 4 days) (Flg 5.8A), e trte_dian ef 2 days (fetler day range, 0 t_o 5‘da}.ls.),
aftet thrombocytobaenie (<10‘0,0700' eells)mntﬁ) was ﬁrst detected (,c_o‘mpérison of rtdedian
fever day, P<0.0001) (Fié;- 5'8}'3)' and a m'edia‘nA of 2 days (fever day range, 0 to 5 'days)-afteri _
. haemoconcentratlon (>20%) was’ ﬁrst detected in each patlent (comparlson of median fever .'
day, P<0 0001) (Flg 5. 8C) ‘The ttmmg of these events is summansed in Table 5. 3 _ -
'.Collectlvely, ‘these data mdlcate NS3133-142- specific CD8+ T_— cells generally become

meastxra_ble in the peripheral blood ohly’after the cOmmenceAment‘of vascular ieakage or .}

“th'rotnbocytot)aetlia in patients with DHF.

125



Chapter 5: Timing of CD8" T cell responses in acute dengue infection

5 4 -3 2 1. 0 1 2 3 4.
v Fever day
N= 2 6 11 25 32 39 36 25 12 2 .

e,

. ] . Fever day
N= 2 6 11 24 ‘29 37 17 10 2 ' 1.

Figﬁre 5.7 'fiming (')f haemoco_ncé_:ntration in childrgn with DHF Th.e box and Mzi&kér
plots répreseni percentage haémocolzéénti'atiqn"(Ipar;zrel A).a.r.;d plétélet count'sr (panel.B) in
child'ren with DHF (n=41) by févef day. Levels of haérno.cqncen;)'&tidn were deterndi;iea by
compﬁ}ison of daily Hct va.lues' iﬁ patients against healthy popz)la.tion. age and se‘xA stratified
* mean Hct v'alu'e; (see Table 1). Haemocoﬁcent.ration of >20% was first detected a median of
-1 day before defervekncé in these children. T he_nurhber of children with haematocrit orb

platelet measurements on each fever day is shown beneath the X-axis.
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Figure 5.8 Temporal relationship between detection and frequency of HLA-A*1101-

restricted NS3,13.142-specfic vCD8+' T cell responses and haemoconcentrat'io_n',

thrombocytopaenia and defervescence in children with dengue. Shown in each scatterplot

is the .per'centage of N§3;33. 142—specﬁ.c_CD8+ T cell detected by.tetramer Staining in individual

patient blood Samples against a reference timepoint of day of defervescence (day 0 in panel

" A), day when platelet count of <100,000 cells/ul was first detected.in each p'atient (day 0 in

panel B) and day when haemoconcentration of >20% was first detected in each.patient (day

0in pdnel C). The values below the X-axis are the number of patients évaluated on each day.
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‘_Téble 5.3 'Tim.ing _of haematological events in relatibﬁ to appearance. of NS3133-142-

spééiﬁ‘cT cells o

Event in DHF patients (n=41) . Median fever day . Pvalue
o ' R | (range)_.: -
First haemoconconcentration (>20%) ' -1(-5to 2)
* - First thrombocytopaenia (<100,000 . ‘ -1(-5t02)
_ _cells/mm’) SR ,
First detection of NS333.142-specific T cells +1(-3to 4) ‘ P.<O_0001”"b, -

al‘Comparé,d to first haemoconbentratipn (>20%)

® Compared to first thrombocytopaenia (<100,000 cells/mm®)
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‘5,7 Discussion .

-'Seco'ndary 'hete'rotypic DENV infections are a tisk factor fcr DI—lF in childr_en andvadults.. -
Anaemestlc, cross-reactiye-’l‘ Cell'si respo'nses‘.are.» a part of the host respcnse to- secondary
- infection and have been suggestedto contribute to'imrnuncpathogenesis The major findings
in the current study are that surface actlvated CD8 T cells and NS3,33.142 spec1ﬁc CD8' T
cells are generally not measurable in penpheral blood prior to the commencement ofb.
haemoconcentranon, thrombocytopaema or resol_utron of vrraermaland therefore it seems

unlikely they are critical triggers of these events.

Signiflcant immune activation undoubtedly occurs . Iin .pat‘ients with DHF and .secondary__
' infeétibns. Relatively higher levels of vari'ous pro-inﬂammato'r‘y'cytokines and their receptors ‘
‘and s§1u51e CD4/8 are found in a_cute sera of children wlth DHF compared with children with
DF (Kmane Innis et al. 1991? ‘Green Vaughn et al. 1999- Libraty, Endy et al. 2(')02)‘ DHF -
patlents also have a greater percentage of CD8 T cells bearmg the early activation marker.
CD69 than DF patlents dunng the febrile phase (Green Plchyangkul et al 1999) In the"
‘context of virus- specific responses, Mongkolsapaya et al detected very low freq_uenc1es of -
NS333.142-specific T ce‘lls'in th_e late febrile phase with a subsequ.ent peak in frequency a few
- weeks after'illness onset (Mongkol_sapaya, Dejniranisai et al. 2003). The very low frequency'
. of NS3y33.140-specific T cells during the febrile phase was suggested to be a consequence of
huge proliferation balanced by massive apoptosis (Mcngkolsapaya, .Dejni'rattisa‘i et al; 2003).
" However these findings were not analysed in relation to the commencernent ovf capillary
leakage. Our own prevxous studres have indicated DENV-epltope specrﬁc T cells are drfﬁcult. |
to detect during the febnle phase by ELISPOT assay, but that responses are read1ly measured
in early convalescence (Simmons, Dong et al. 2005). Other studies of v1rus-spec1ﬁc_

responses demonstrated ELISPOT frequencies of T _cells speciﬁc for the HLA-B*7 restricted-
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ehltope NS3222-3;0 were higher in the lat'e cenvalescent‘phase'ivn .p.atients who had DHF
_colrlpalea to DF; asse_ssrhenls during the febrile ph-a_.se.wer'e not pe_rfomled (Zivna, Green' et
al. 2002). Cellectl\'(ely, aj limitationlclf previous sludies of T eell responsee'ln’dengue is that
‘the terhpohal relatlonship (er lack .t‘her'eot)‘ between‘fnea'surahle T cell immune activation and
" the corhrhencement o_f vascular leakage (as‘opposed to wheh vaecular leakag_e is at its most
severe) has not been directly addressed. This is important for understanding the tﬁggers for

 capillary leakage:

_In- two. populations of children with DHF we found that -haempconcentratien- and
thrombocytopa_enia first occurred prior to the appearance in peripheral blood of CD8+ T c'ells
‘ hearlng m'ar‘kerslof ‘ac‘tiva.tion (CD38 HLA—DR) er-proliferation (Ki-6'l). Frequencies ‘of
‘prohferatmg CDg* T cells (KJ 67" ) were hlgh in early convalescence and thlS was consistent
with prev1ous stud1es that have used thlS marker (Mongkolsapaya Dejnirattisai et al. 2003). .
- VNS3133-142-spec1ﬁc cpsg* T cells were also rarely _de_tect_ed durmg-the febnle phase,. and
signiﬁeantly,. were generally not measurahle ’p,rier to the detectien of haemecohcen_tr_atien
(>20%) or thrombocytopaenial'.i-n;childvren with DHF. The ferrlpofal'nlismatch bel\veen the :
| ‘ﬁrst detection of haemoconcentratwn in pamcular and measurable CD8 T cells or NS3 ;3. '
142-spec1ﬁc CD8' T cells suggests these cells have a neghg1ble role in tnggermg cap1llary
leakage. Our ﬁnding differ from studies on acute viral infe_ction that activated. HCMV and
- EBV specific CD8 was detected during bathological hl.xmanv viral infection (Doisne et.al;
2004) (Tuuminen et al, 2007) (Paﬁagno, et al, 2004) (Sandalova et al, 201_()). In contrast to

HCMYV and EBV-specific CD8 cells, they observed that CD8 T cells specific for inﬂuenza

. were not activated durmg the acute phase of heterologous acute viral infection (Sandalova et

al, 2010) It is possible that T cells responding to altered peptlde ligands in vivo may not

express these surface markers or enter cell cycle. An altemative explanation for the very low
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' frequency of NS3133 147—spec1f1c T cells dunng the febrile phase (this study and
: (Mongkolsapaya Dejnirattisai et al. 2003) is that they are sequestered in sites of infection or.
have down—regulated T cell receptors (Dong, Moran et al. 2007). _This would 1mply ‘a massive k
v _ei(pansion and distr'ibution'ot centraland/or effector rnemory NS3, 33_142-speciﬁc CD8' T cells :
after just a few days of infection and neg.ligible. ongoingvcirculatioin of CD8" T cells
expressing the relevant, »speciﬁc T cell receptor. Here, the re_surrection from 'mernory of
response has rapid mobilized right after viral load falls abruptly. .Memory cells have a much
lower threshold for activation cornpared with naiye ce_lls (Veiga-Femandes et al,‘ 2000),
" however, so. there is a risk that clones activated by. original antigenic sin may have lower
afﬁmty and be less effective at clearmg the secondary challenge (Alexander-Miller et al,
1996) and 1ndeed may promote 1mmun0pathology.v0ng1nal a-ntlgemc_.sm has been shown in
T cell response. that expansion' of T cells vi/ith‘relatively lower affmity., for the currently
A‘infectin‘g_virus_and higher afﬁnity"for serotypes presumed. to be preyiously encountered.
(Mongkolsapaya et al; 2003).’IA second alternatiye e)rplanation is that they are sequestered
and proliferating .inelymphoid tis’sue during the febrile phase but have yet_to' enter the
peripheral .circula.tion. Stud'ies’_ (eg ﬁne‘ biopsy coll'ections) to address. these _issues will assist
- our understanding of pathogenesis but are of course_ethically and practically probleinatic in

children with dengue.

A plausible role for T cells in the imrnunopathogenSis of secon'da_ry dengue is that they act to
amplify an already established pro-inﬂammatory cascade mediated by innate responses to a
large viral burden. In this two stage model, a large viral antigen mass (plausibly mediated l)y_
ADE) might be necessary and sufficient .to trigger_ . capillary leakage through innate
‘mechanisms such as complement activation, cytokine secretion by activated

macrophages/dendritic cells and/or NS1 mediated pertubations of the vascular endothelium.
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- Exaeerbation nf -capillary leakage that has already cnmmenced mi;gh"r occnr_when e.ffeetor T
cells aceumulate at sifes"of infeetion. ‘.Such a-model could also explain .DHF.in inr'ants with
N p‘ri.ma'ry infections and no DENV_-speeific rnernory.'If cells; th..e innate r_es..ponse (comp.leme’ntv _

__act.ivation, cytokine secretien) may be necessary and sufficient to t‘riggevrv clinically significant

_ eapiilary _leaka.ge. in infants because of their intrinsically poor capacity to compensate lfor _
microvascular .l'.eakage cbmpared to older.cvhildren or adults (Bethell, Gamble et al. 2001).’
Coneistent with this, ma_ny of me cytokines found to be elevated in ehiidren with DHF and
secondary infection are also elevated-in infants with primary infection (th‘guyen, Lei et al. - -

© 2004; Tran Nguyen Bich Chau 2008).

There are seyeral limitatiens to our study. First, VoAur investigations of surface markers on -
CD'-8+ T‘ eells was not exhauStiye but fOcused on two well-nescribed markers of acrivation
| A " (HLA—DR and CD38) and one mtracellular marker of cellular prohferatlon (Kl 67). A
plausrble explanatlon for the surface actrvated CD§" T cells (CD38" HLA DR", CD38 Ki-67"
. or HLA-DR Ki-67 ) were not measurable in penpheral blood dunng febrile phase is that,
: }dengue spemﬁc activated CD8 T cells are true memory CD8 cells . w1thout any recent
" encounter to tnelr specific ligand. Memory CD8'ceIls specific for persrstent and non-
persistent yiruses net only differs in term of phenotypic profile in healthy indivrdnals, but
respond differently to the pathological condition _triggered by a heterologous acute viral
infection (Sandalova et al, 2010). It is possible that T ceus' responding to altered peptide
ligands in vivo may not express these surface markere or enter cell cycle and this should be a
focus for future research. S.eco'ndly,- we inyestigated CDS8" T cells only when T regulatory and
conventional CD4" T eells could also be important (Mangada, Ennis et al, 2064; Luhn,
*Simmons et al. 2007; Moran, Simmons et al. 2008). Luhn et al show that the T reg cell

population expands in ‘acute dengue infection has the conventional phenotype' and
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' suppressive " capacity. Their,demonstrati_onthat T'.reg-cells suppress the dengue-specific o

secretion of vas'oacti-ve cytokines of effector T cel_ls leadsus to_ suggest that this populati‘on

,plays an active-role in dengue infection. (Luhn 'et.al 2007)’. .’Third. 'our analysis of DENV-

specrﬁc CD8* T cells was limited to one dommant epitope (N S31 33-142) restricted through the .

most common class I HLA allele in the Vietnamese population HLA-A*ll Reponses to.

other DENV CD8 T epitopes might occur with greater rapidity. than that described in this

study. Fourth, all of the results are presented as percentage of CD8 ex_pressmg markers or |

binding tetramers rather than as absolute counts. Here, CD8 percentage takes in consideration

" factors which could cause a false highi or "false low CDS8 count. The absolute count can reflect

exact number of'CDS cells which contribute to disease progression. The absolute count is the -

more’ 1mportant measure of i immune status and 1s preferred over the percentage for makmg
treatment decrslon in mfectious diseases (Kelly et al, 2004) Fmally, our study was biased
toward patients With DENV 1 as this was the most prevalent serotype in crrculation at the

: t1me.

o Nevertheless, this study prov1des the ﬁrst descrlption of the temporal mismatch between the

CD8 T cell response toa dormnant epitope and commencement of vascular leakage Futuref-

studies of T cell respdnses‘ in dengue need to consider the timing of _responses relative to the

commencement of capilla_ry leakage, arguably the most important clinical manifestation of

.DHF.
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"Chapter 6: General Discussion A

Cellular ‘immune responses, and partlcularly responses elrc1ted by altered peptlde llgands
have been nommated as berng very 1mportant to the pathogenesrs of severe denoue This -
premise stemmed in part from the eprdemlologlcal association between secondary. dengue.
 and severe disease, and the finding of robustvhumoral and cellular 'im_mune responses in these
A ‘patients, characteristic of a memory -response. Advances ‘to our understanding of T cell
responses in the pathogenesis.of dengue that are descn’bed bin this thesis include thev
.’ irnp'ortance of NS3 and cross-reactive- T cells during" acute secondary infection and also the
'paradoxwal ﬁndmg that  the overall breadth and magnitude of the T cell response was not
' srgmﬁcantly related to clm1cal parameters Furthennore the temporal mlsmatch between the
appearance of surface actrvated and DENV -specific CD8 T cell suggests other mechamsms '

are respon51ble for tnggermg of vascular leakage. -

.Mapping'- and characterization of T cell epitopes in DENV is.important for understanding the St

host response and in the development of dengue vaccmes There are variants of most CD8 T
cell epitopes in different DENV serotypes but the amount of 1ntraserotype d1versrty in the ’
.ep1tope sequences ‘is small, wrth most serotypes being represented by one or two sequences.
o The interaction between TCR and altered peptide ligands can reportedly result in dramatically
- different phenotypes of the T cells, rangmg from 1nduc1ng selective stlmulatory functions to
‘ completely turmng off their functional capacrty (Pfeiffer et al, 1995) (Sloan Lancaster et al,

1993).

Our study on T-cell responses in patients with secondary dengue identified forty-seven
different peptides'that evoked significant IFN-y ELISPOT responses in 39 patients, and of

these, 34 peptides contained potentially novel T cell epitopes. NS3, and particularly NS200-324, ‘
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| vi'ere 1mportant T cell targets The breadth and magmtude of’ ELISPOT responses to DENV-Z
peptides was mdependent of the mfectmg dengue serotype suggestmo cross-reactlve T cells
. dommate the acute_ response durmg se_condary infection. Acute ELISPOT_responses were
weal(ly COrrelated vi/ith the extentv.of haemoconcentrati'onin _individual patients, but not \ivith
the nadir of thrombocytopaenia or the overall clinical disease grade. N83556§564_and Envgiqan
. were identiﬁed as novel HLA-A*Z4 and B*.O7-rest1icted ACD8+_ T cell epitcpes, respectively.
Acute T cell responses to natural variants of Env4144>> and NS3§56-564 were- largely cross-
reactive and peaked during disease convalescence. Duangchida et al have renorted that a
nurnber of T-cell epitopes in dengue infecticn where NS3 responses were the most frequently R
s_een and there was a very strong vassociation betvizeen the magnitude of the :res'ponse' and

disease severity.

By phénotypmg'c_Ds* T cells (CD38*_/HLA-DR+, CD38"/Ki-67" or HLA-DR;(Ki-67+) in
serial hlood.sarnples from -ch_ildren with dengue, we found no evidence of increas‘edCDS+ T
“cell activation pridr to the cominencement of resolution of viraemia or haemoconcentraticn
Investigatlons w1th MHC class I tetramers to. detect NS31 331427 specific CD8 T cells in two -
' 1ndependent cohorts of children suggested the commencement of haemoconcentration and '»
thrombocytopaenia in DHF patients generally begins before the appearance of measurable
‘ frequencies of NS313. 142" spec1ﬁc CD8" T cells. The temporal mismatch between the' |
appearance of surface activated and DENV -specific CD8 T cells suggests other mechanisms -
are responsible for triggering capillary leakage in children with DHF. The absence or veryv
low frequency of NS33;. 142-spe01ﬁc T cells during the febrile perlod can.be explamed that
they are sequestered in sites of infection or have down—regulated T cell receptors (Dong,
Moran et al. 2007). This would imply a massive expansion and distribution of central and/or

~ effector memory NS3,33.142-specific CDS8" T cells after a few days of infection and negligible
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ongoing circuletihri_ of CD8‘+__‘AT cells expreSSihg ‘the_'l;ele\‘/ant, 'sue-ciﬁ‘c T cell reeeptor. A
._secohd_‘exﬁlanatieh 1s that they are 'se'_q.uestered and proliferating in ]ymphofd tis§ue during
the febrile phase .but have yet to enter the peribheral circulatien; _Smdies to address these_A
issues,lin'either primate animal mquels or more»directly in p'atients- (e.g. vfmeibiopsy .

collections), will be needed to resolve these questions.

It would be very-informative to eqmuare acute CD84- T cell responses bet\ueeh adults and
. children with | asymptomatic, mild ahd severe dengue disease, throughout the: infection, -
disease and recovery phases. .Results. ﬁ'em such study-may provide more direct evidence on -
~ the exact role o_f CD8-h T cells in DHF diseases pethogenesis, be it significant or negligible.
Further shudies, hoth children and adults,_will help determine whether there‘a.re (hfferences in

the kinetic of responses-betweeu c,hildren‘and adults.

Our ini}eetigations of sufface merke'rs- on CD8+_ T 'cells was focused on two Wel]—deseribed
: markers‘ of act-ivafion (HLA—DR and CD'3;8.) and one intracellular marke'r_ of celluiar
proliferatien (Ki;67); This is ohebof o.ur limitations beeause T cells responding to. altered
pepiides Hga'nds in vivo may not ’express' these surface markers or‘enter cell eycle and this _
’Ashoulid be a focus for future stuches. There ahe other well-described surface markers suell as
D69, CD27, CD28~; CD45RO, CD44 and Perforin and these have been described on cDs*
T cells from dengue patients previously (Mongkolsapaya, 2003)> (Green, 1‘999) (Azerede,
2006). The an.tigenicv peptide-speciﬁc T cells'showed an activated effeeter phenotype, wfth
' alxhost all of vth'em e?(pressiug CD45RO, CD27, CD38 and HLA-DR duﬁng acute phase but
CD28 actiyated marker reducted in the folluwéup samples (Monékelsapaya, 2003). The
majority of NK celis from dengue .pat‘ient‘s dispiay early markers fhr activation (CD69, HLA- v
DR, and CD38) and .cell adhesioh molecules (CD44, CD11a) during the'ecute phase of

disease (Azeredo; 2006). The percent of cells expressing CD69 was also increased on CDST -
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v, cells and NK cells in children who developed DHF more th‘an' in those‘with DF (Green,
T R .

- In this study, we invesft_i‘.gated. CD8+ T .cell.s only when T regulatory and co’nventional CD4+

© T cells c'ould'also he important. Luhn et alipreviously reported that T regulatory cells of ‘

' patients with‘ acute dengue had a conventional phenotype With suppressive capacity. T

regulatory cells in acute dengue could also suppress secretion of vasoactive cytokines_from

 effector T cells, leading to the suggestion that this population plays an active role regulating

~the host T cell response in secondary dengue (Luhn 2007)

This study has found ‘that HLA Class I and II polymorphisms are assocrated with
susceptibility to DSS In particular secondary DENV 2 1nfected chlldren with HLA-B*44
" were hkely to have DSS whereas secondary DENV 2 mfected children with HLA-Cw*12
: and HLA-DQB1*03 were at mcreased r1sk of DHF when compared with the controls. HLA- ‘
A and HLA-DRBI polymorphisms were not assocrated to DSS. So far, HLA class I and T |
- associations' with disease_ severity Were detected in vVietna‘mese patients undergoing
| secondary infec.f_ion would. imply that HLA c}ass I and II_—restricted cross-reactive T cell drive ‘

'imrnune~responses_ are’conniburmg to the pathology of DENV.

.' The signiﬁcance of. HLA class I and II polymorphisrns on suSceptibilit_y to severe dengue has

_ been suggested by some previous studies (Table‘ 3.1), even though the allelic associations in
. each study differ. "Those studies were .carried our at differenr geographic locations. Therefore,

‘ differences in associatio_n could be due to naturally occurring differences in HLA frequencies ’

between ethnic groups, or possib]y because. of differences in circulating viral serotype and

epidemioloéical setting, e.g. primary vs secondary dengue, children vs adults. The resolutiori

- of the HLA typing technique could also be_ important. Studies to confirm the associations
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'féund in ti)iS ‘thesis (i-[LA:lS;*44,- HLA—CW*IZ,' énd HLA-DQBI1 *03) shc.>_ul.d be carried out , ,. .
in a second Vi'emamese‘ pobﬁlation of sevére dérig_ﬁé cases. .This apprbach of discqvery and‘-
validation has bécome the ﬁom; for large Ag'enetic va'sso_ciation studies (but was An.ovt the norm
‘4 when this study was conducted in 2006). _How»ever,v studies in othér ;.>.(I>p.ulations may provide

additional information on thé; overall influence of HLA on DHF disease susceptibility.

3 'Dﬁﬁng seéondafy infections, both the humoral and cellular ﬂavivi}ué-'speciﬁ;: résponses can
confer protection or be invélved in’ the pathqgenic event. In genéti_caliy “more resistant”
individuals such as those vx.fho have an HLA type associated with protection, the interaction
with the'speciﬁc dengue protein cpitopé$ could in.duce an immune response thgt would 'help
to ciéar the infectio_nvbefore disease symptoms épp'éar. The présénce of the sué;:eptibiiity-‘
asso'ci.ated'allotypes could,I invt.um, i'n"duéé an overly vigorous immune reéponée responsible
: for tl_ie mast sévere clinicél- pictures. Many factors,Ainclud.i-ng differences in viral load,
intrinsic viral vimience, host imﬁlu‘né .resp_(.ﬁlse, irﬁmuhé enhariéérhént, are also likely :to'
contributé_ to the final disease»eipression. Research to try to uﬂderstand the pathophysiologi;: :
rhe,chanisms }-mdériying the \'/arious,c'linical. manifestatidns.- séen in dghgué infections is

- needed if we are to develop new treatments or vaccines against this disease.

The potential invo'lvement‘of mulfiple serotypes of d%:ngué virus, DENV-specific antibodies -
' anle cells m the pathogene_sis pf severe dengue and the laék of animal tﬁodéls to assess
thesé : infe;actions’ '.arev impbnaﬁt challenges in furthéring 4our knéwled@ ofA dengue.
Mar_lage.ment of dengue currently relies on syrﬁptomatic treatment with ﬂuid re;.)'_lacem'erit"‘
: wﬁén necéssary that aims to compenéate for plaéma leakage :_;ndﬁswift fluid resuscitation if
ciréulatory failﬁe occurs. The only rﬁethod cuﬁeptly available "to brevent de-ngue is tﬁe
control of Aedes aegypti, th¢ mosquito vector. This ai)proach has proved unable to reduce the

burden of dengue in most endemic settings because it reqﬁires substantial and ongoing
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cbmmqnity c‘ommitmé'nt. -Vacéination’ is thve most promising gtrateéy to c?mfroi the épréad of
dengue. Dengue vaccines must.prO\./ide splid .and Iong la;tiﬁg prqteﬁtién.agaiﬁst .all- fc‘)ur.
' serotypes of 'dAeng.ue viruses. Vacci'n_e-induc.ec.ly DEN’\(-s_peciﬁc *'lantibo"dies_/-T cells. may
A decr'e‘asevor protect against disé_ésé severity thrfdu'gh their ef_fectg to decréaée viremia burden.
Convéréely; it 1s 'also feaéible that dengue vaccines will increaée the risk $évere disea_sé WhenA |

vaccinees are exposed to natural infection.

In .recent years there has i)een considerable progress in -the production of 'a vaccine égainsf
déngue with advanced éandidates' ﬁndergbing Phase 1I testing and positioned'to initiafe lafge
“scale _efﬁcacy .tfials wifhin 1:—3 years (Bha_rnafapravati, 2000) (vaﬁ Der Most, 2000) (Kochel,
2000) (Guifahkoo,' 2002) (Monath, 2007). The aetiology of DHF appears to be multifactor,
Cross-peéctiVe immune respdnéés bet§veen dengué Sefotypes and ADE have‘bceh propoéed to

cdnstitu,te mechanism leading to éeveré dex.lg»ue‘disease. An ideal yéécin¢ sho_ﬁld indu_ce l;oth‘ o
~ humoral and cebllul-ar immunity. There | is still a big gap m our knowledge of immnné '
responses in dengue.infections, e_spe;cially cellular immune responses. With the availablé
information, it is not pbssible io tell whether a T ce'll-b‘ased‘vaccin‘e,' or in fact ény of the otﬁér
dengue éaﬁdidate vaccine stfategies, will actually be beneﬁcia.l in the long run For béSic
reséarch c;n the immune résponses to DENV to a_dvénce tﬂe development of néw ﬁeatmgnts -
.énd preveﬁtiVe measures (such as vaccines), priorities qu future ”immunologic reseafch on
dengue are- (i) more detailed clin_icél studies of natural DENV infection' are needed to
confirm thé disease assbciations of different measures of the innate and édaptive‘ immune.
respoﬁses in vivo. These studies should optimally involve longitudinal evaluations to A‘eyaluate
the kinetics of ez‘wh compohent_ of the i@me responsé_ and'should 4e;ncorrA1pass.th‘e broadest
repfesentation of viralvan.d'human genotypes. (ii) fuﬂher refinement of animal rﬂodels éf

- DENYV infection (including both humanized and non-humanized mice) is needed to capture
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. thé key fez;fufes of DHF in humqhs. kIn 4ad‘di’tion' tov the :Véscula; Ieakégé pheﬁomenon;' é .\./alid
animal mod.e‘l x;l.li_st.récapiitltllla.te the tempéral dissociation .bet\&ééh .viral_burde‘n dﬁd .vascu-lar
péqneébility as Qell as the co.ntrn;but.ion'o'f DENV-speciﬁc antibody 4n_d ‘T-.c'ell'r'esl.;on‘se‘s. (iii) |

the énticipa:ted‘ initiation of 1_arge-scéle (phése IIb/III) vaccine efficacy trials inu DENV- :

_en_demic pdpulétion'sAwill pres‘ent a singular .op'portunityr to cbndﬁct the critical ‘stu_'dives',to

- identify immunologic-correlates of prétective and/or pathologic immune respoﬁses. .Efforts_ to

'rnaxirﬁize our und¢rstanding of DHF pathogenesfs éhbuld 'be given priority. as it shéuld assist
in rational v.;«lccine development.- With this ‘kno'v&'lle(Aige in.hénd,. we will be on much better

ground to develop a truly éffecti_ve vaccine against dengue.
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Appendix 2: Sense and antisense primer sequences for SSP-PCR

Sense . Sense
Primer | Sequences Primer | Sequences
625 ggCCggAgTATTgggACCA 400 CTTgCCgTCgTAggCgTC
292 ggCCggAgTATTgggACgA 431 AgCCCgTCCACgCACCg
286 CgACgCCgCgAgCCAgAA 249 CCTCCAggTAggCTCTCAA
753 AggATTACATCgCCCTgAAA 302 CCAAgAgCgCAggTCCTCT
3421 CCCACTCCATgAggTATTICTT 299 CACTCCACgCACgTgCCA
296 gTggATAgAgCAggAgagT 299 CACTCCACgGCACgGTgCCA
1173 ATggCTgCgACgTggggT 249 CCTCCAggTAggCTCTCAA
291 AgCgACgCCgCgAgCCA 168 gAgCCACTCCACgCACgT
290 ACggAATgTgAAggCCCAg 302 CCAAgAgCgCAggTCCTCT
286 CgACgCCgCgAgCCAgAA 244 CAggTATCTgCggAgCCC
. 284 TATTgagACgAggAgACAg 249 CCTCCAggTAggCTCTCAA
284 | TATTgggACgAggAgACAg 170 CCTCCAggTAggCTCTCTg
292 ggCCggAgTATTgggACgA 146 CCCTCCAggTAggCTCTCT
292 ggCCggAgTATTgggACgA 145 gAgCCACTCCACgCACTC
208 ACCgAgAgAACCTgCggAT 167 gAgCCACTCCACgCACCg
292 ggCCggAgTATTgggACgA 298 | ATgTAATCCTTgCCgTCgTAA
239 gggTACCAgCAggACaCT 298 ATgTAATCCTTgCCgTCgTAA
193 ggAgTATTgggACCggAAC 298 ATgTAATCCTTgCCgTCgTAA
294 TCACAgACTgACCgAgAgAg 298 ATgTAATCCTTgCCgTCgTAA
288 TCACAgACTgACCgAgCgAA 168 gAgCCACTCCACgCACgT
174 CCggAgTATTgggACCTgC 298 ATgTAATCCTTgCCgTCgTAA
451 -gggTACCggCAggACgCT 303 CTCTCTgCTgCTCCgCCg
239 gggTACCAgCAggACgCT 167 gAgCCACTCCACgCACCg
475 ACggAAAgTgAAggCCCAg 300 | AgCgCAggTCCTCgTTCAA
290 ACggAATgTgAAggCCCAg 301 CCgTCgTAggCgTgCTgT
290 ACggAATgTgAAggCCCAg 249 CCTCCAggTAggCTCTCAA
174 CCggAgTATTgggACCTgC 486 CTTCACATTCCgTgTCTCCT
295 CCCggCCCggCAgTggA 414 ACgTCgCAgCCATACATCA
754 gATAgAgCAggAgAggCCT 429 gCCTTCACATTCCgTgTgTT
434 CCACTCCATgAggTATTTCAC . 399 | CCTTCCCgTTCTCCAggTg
3421 CCCACTCCATgAggTATTTCTT 494 gCAgggTCCCCAggTCCA
3421 CCCACTCCATgAgQgTATTTCTT 302 CCAAgAgCgCAggTCCTCT
434 CCACTCCATgAggTATTTCAC 171 CCgCggAggAAgCgCCA .
1 CACggAATgTgAAggCCCAC 287 | gAgCCCgTCCACgCACTC
493 CACgCAgTTCgTgCggTTT 221 TACCAgCgCgCTCCAgCT
193 ggAgTATTgggACCggAAC 285 CgTCgTAggCgTACTggTC
290 ACggAATgTgAAggCCCAg 517 ACgTCgCAgCCgTACATg
367 TACTACAACCAgAgCgAggA 425 CgTCgTAggCgTACTggTT
193 ggAgTATTgggACCggAAC 220 CCgCgCgCTCCAgCgTg
203 CAgATCTACAAggCCCAgg 212 CCTCCAggTAggCTCTgTC
271 CCgCggAggAAgCgCCA 220 CCgCgCgCTCCAgCgTg
203 CAgATCTACAAggCCCAgg 225 CTCTCAgCTgCTCCgCCT
242 CgAgAgAgCCTgCggAAC 215 ATCCTTgCCgTCgTAggCT
195 215 ATCCTTgCCgTCgTAggCT

gACCggAACACACAGATCTT
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' Appendix 2: Sense and antisense primer sequenées for SSP-PCR (co'nt_il'xue)

Sense Sense .

Primer | Sequences Primer | Sequences .

© 195 gACCggAACACACAgATCTT 219 CCAggTATCTgCggAgCg
280 gCTACgTggACgACACGCT 212 CCTCCAggTAggCTCTgTC .
208 ACCgAgAgAACCTgCggAT 393 gTCgTAggCgTCCTggTC
246 CCACTCCATgAggTATTTCC 285 | CgTCgTAggCgTACTggTC
207 CCgAgAgAgCCTgCggAA 212 CCTCCAggTAggCTCTgTC
192 ACCgggAgACACAgATCTC 393 gTCgTAggCgTCCTggTC
202 ggggAgCCCCgCTTCATT 382 CCTCCAggTAggCTCTCAg
272 CgCCACgAgTCCgAggAA 227 gCCCCACgTCgCAgCCg
435 CCTgCgCACCgCgCTCC 220 CCgCgCgCTCCAgCgTg -
435 CCTgCgCACCgCgCTCC 278 TCCCACTTgCgCTgggT
435 CCTgCgCACCgCgCTCC 247 gCggCggTCCAggAgCg
196 TACCgAgAgAACCTgCgC 218 gAgCCACTCCACgCACTC
192 ACCgggAgACACAgATCTC 229 CTCCAACTTgCgCTgggA
272 | CQCCACgAgTCCgAggAA 215 | ATCCTTgCCgTCgTAggCT .
192 ACCgggAgACACAgATCTC 127 ggTCgCAgCCATACATCCA
272 CgCCACgAgTCCgAggAA 217 CgTgCCCTCCAggTAggT
280 | gCTACgTggACgACACgCT 217 CgTgCCCTCCAggTAggT
243 CgCgAgTCCgAggATggC 217 CgTgCCCTCCAggTAggT
197 AgCAggAggggCCggAA 217 CgTgCCCTCCAQggTAggT
207 CCgAgAgAgCCTgCggAA 217 CgTgCCCTCCAggTAggT
581 CAAgACCAACACACAgQACTT 213 gAggAggCgCCCgTCg

208 gACCggAACACACAgATCTA 224 CgTCgCAgCCATACATCAC
435 CCTgCgCACCgCgCTCC 214 | CTTgCCgTCgTAggCag
208 ACCgAgAgAACCTgCggAT 236 CCATACATCgTCTgCCAA
209 CgCCgCgAgTCCgAgAgA . 215 ATCCTTgCCgTCgTAggCT
194 AACATgAAggCCTCCgCg 238 gAgCCACTCCACgCACAg
194 AACATgAAggCCTCCgCg 236 CCATACATCgTCTgCCAA
187 gCgCCgTggATAgAgCAA 281 CTCggTCAgTCTgTgCCTT
209 CgCCgCgAgTCCgAgAgA 282 TCTCggTAAgQTCTgTgCCTT
242 CgAgAgAgCCTgCggAAC 228 TCgTAggCgTCCTggTgg
203 CAgATCTACAAggCCCAgg - 212 CCTCCAggTAggCTCTgTC
395 gCCgCgAgTTCgAgAgg 392 CCTTgCCgTCgTAggCgA
280 gCTACgTggACgACACgCT 228 |- TCgTAggCgTCCTggTgg
575 gCAggAggggCCggAgT 236 CCATACATCgTCTgCCAA
188 gCCgCgAgTCCgAggAC 220 CCgCgCgCTCCAgCgTg
192 ACCgggAgACACAGATCTC 229 CTCCAACTTgCgCTgggA
192 ACCgggAgACACAgATCTC 225 CTCTCAgCTgCTCCgCCT
367 TACTACAACCAgAgCgAggA 241 gCCgCggTCCAggAgCT
203 | CAGATCTACAAggCCCAGg 226 | gTCgTAggCggACTggTC
209 CgCCgCgAgTCCgAgAgA 250 gCAggTTCCgCAggCTCT
194 AACATgAAggCCTCCqgCg 214 CTTgCCgTCgTAggCgag
240 gAgACACAQAAgGTACAAgGCg 223 gCCATACATCCTCTggATgA
243 CgCgAgTCCgAggATggC 223 gCCATACATCCTCTggATgA
243 CgCgAgTCCgAggATggC 214 CTTgCCgTCgTAggCag

192 ACCgggAgACACAgGATCTC 238

AgCCACTCCACGCACAg

Appendices.



Appendix 2: Sense and antisense p'rimei' sequences for SSP-PCR (continue)

Sense . Sense .

Primer | Sequences Primer | Sequences .
243 CgCgAgTCCgAggATggC 226 gTCgTAggCggACTggTC
271 | CCgCggAggAAgCgCCA 219 CCAggTATCTgCggAgCg.
209 CgCCgCgAgTCCgAgAgA 244 CAggTATCTgCggAgCCC .
27 CCgCggAggAAgCgCCA 377 CCTCCAggTAggCTCTCCA
189 | gCgCCgTggATAgAgCAA 223 gCCATACATCCTCTggATgA
243 CgCgAgTCCgAggATggC 237 gCgCAggTTCCgCAggC
193 | ggAgTATTgggACCggAAC 213 | gAggAggCgCCCgTCg
193 ggAgTATTgggACCggAAC 277 ggAggAAgCgCCCgTCg
188 | gCCgCgAgTCCgAggAC 226 | gTCgTAggCggACTggTC
195 gACCggAACACACAQATCTT 392 CCTTgCCgTCgTAggCgA
195 - | gACCggAACACACAGATCTT 216 CgTTCAgggCgATgTAATCT
195, | gACCggAACACACAgATCTT 216 CgTTCAgggCgATgTAATCT
207 CCgAgAgAgCCTgCggAA -' 236 CCATACATCgTCTgCCAA
208 ACCgAgAgAACCTgCggAT 216 CgTTCAgggCgATgTAATCT
202 ggagAgCCCCgCTTCATT 399 CCTTCCCgTTCTCCAQgTg .
193 ggAgTATTgagACCggAAC 216 CgTTCAgggCgATgTAATCT
195 gACCggAACACACAGATCTT 237 gCgCAggTTCCgCAggC
192 ACCgggAgACACAgATCTC . 315 | CCCCAggTCgCAgCCAC
1719 | gCgAgaggACCgCAggC 145 gAgCCACTCCACgCACTC
1719. | gCgAggggACCgCAggC 389 AgCgTCTCCTTCCCATTCTT
368 CACAgACTgACCgAgTgAg 143 gCCCCAggTCgCAgCCAA
- 366 CCgAgTgAACCTgCggAAA 143 gCCCCAggTCgCAgCCAA
368 CACAgACTgACCgAgTgAg 379 CgCgCgCTgCAgCgTCTT
366 CCgAgTgAACCTgCggAAA 818 gggTgATCTgAgCCgCCT
271 CCgCggAggAAgCgCCA 127 | ggTCgCAgCCATACATCCA
366 CCgAgTgAACCTgCggAAA 184 | CgCACgggCCgCCTCCA
240 gAgACACAgAAgTACAAgGCg 184 CgCACgggCCgCCTCCA
367 | TACTACAACCAQAGCgAggA 247 | gCggCggTCCAggAgCyg
4 CACAggCTgACCgAgTgAg 379 CgCgCgCTgCAgCgTCTT
313 ggACCgggAgACACAgAAC 166 gCgCAggTTCCgCAggC
367 TACTACAACCAgAgCgAggA 317 | TCTCAgCTgCTCCgCCgT
165 ACgACACgCAgTTCgTgCA 389 AgCgTCTCCTTCCCATTCTT
159 TACAACCAgAgCgAggCCA 389 AgCgTCTCCTTCCCATTCTT
130 CCgCgggTATgACCAgTC 126 TgAgCCgCCgTgTCCgCA
160 ACAACCAgAgCgAggCCg 157 CCgCCgTgTCCgCggCA
369 AgTCCAAgAggggAgCCg - 388 ggTCgCAgCCAAACATCCA
368 CACAgACTgACCgAgTgAg 223 gCCATACATCCTCTggATgA
371 CCACTCCATgAggTATTTCTC 382 CCTCCAggTAggCTCTCAg
366 CCgAgTgAACCTgCggAAA 146 CCCTCCAggTAggCTCTCT
366 CCgAgTgAACCTgCggAAA 146 CCCTCCAggTAggCTCTCT
368 CACAgACTgACCgAgTgAg 377 CCTCCAggTAggCTCTCCA
366 CCgAgTgAACCTgCggAAA 127 ggTCgCAgCCATACATCCA
368 CACAgACTgACCgAgTgAg 377 CCTCCAggTAggCTCTCCA
366 CCgAgTgAACCTgCggAAA 157 CCgCCgTgTCCgCggCA
366 CCgAgTgAACCTgCggAAA 39 CCgCCTCTgCTCCAggAg
36 38 CTgCACTgTgAAgCTCTCCA

TTgTggCAgCTTAAQTTTgAAT
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Appendix 2: Sense and antisense primer sequences for SSP-PCR (cdntinue) ‘

Sense Sense

Primer | Sequences . , : Primer | Sequences .

_ 36 TTgTggCAgQCTTAAQTTTgAAT 252 CCACCgCggCCCgCgC

4 TCCTgTggCAgCCTAAgAg 38 CTgCACTgTgAAgCTCTCCA
41 TCCTgTggCAgCCTAAgAg 491 CTCCgTCACCgCCCggT
dl TCCTgTggCAgCCTAAgAg 255 gTCCACCCggCCCCgCT
68 TTTCTTggAgTACTCTACGTC 38 CTgCACTgTgAAgCTCTCCA
46 gACggAgCgggTgCggTA 37 CTgCACTgTgAAgCTCTCAC
44 TACTTCCATAACCAggAggAgA 491 CTCCgTCACCgCCCggT
68 gTTTCTTggAgTACTCTACGTC 2510 | ggCTgTTCCAGTACTCggCATC
3291 CggTTCCTggACAgATACTTCTATC 256 - | CTgTTCCAggACTCggCgA
47 gTTTCTTggAgCAggTTAAACA - 49 | CCCgTAgTTgTgTCTgCACAC
47 gTTTCTTggAgCAggTTAAACA 51 CTgCAgTAggTgTCCACCAg
47 gTTTCTTggAgCAggTTAAACA 102 TgTTCCAgGTACTCggCgCT
48 CCTgTggCAgggTAAGTATA 491 CTCCgTCACCgCCCqagT
1737 | ggTgCAgTTgCTggAAAGACT 1635 | CCCgCCTgTCTTCCAgQQAT
50 AgTACTCTACgggTgAgTgTT 58 TCTgCAATAggTgTCCACCT
50 AgQTACTCTACgggTgAgTgTT 51 CTgCAgTAggTgTCCACCAg
2518 | CTggACAgATACTTCTATAACCAA 49 CCCgTAgTTgTgTCTgCACAC
263 gTTCCTggACAgATACTTCC 37. | CTgCACTgTgAAgCTCTCAC
46 gACagAgCgggTgCagTA 54 CTggCTgTTCCAgTACTCCT
53 CggTTgCTggAAAgACACy 37 CTgCACTgTgAAGCTCTCAC
273 TTCTTggAgTACTCTACggg 54 CTggCTgTTCCAGTACTCCT
1630 | TggggCggCCTgATgAg 256 CTgTTCCAggACTCggCgA
44 TACTTCCATAACCAQgAggAgA - 55 CACTgTgAAgCTCTCCACAg
50 AgTACTCTACQgggTgAgTgTT 259 TCCACCgCggCCCgCTC
50 AgTACTCTACgggTgAgTgTT 259 TCCACCgCggCCCqCTC
68 | gTTTCTTggAgTACTCTACgGTC 252. | CCACCgCggCCCgCgC
273 TTCTTggAgTACTCTACggg 40 CCCgCTCgTCTTCCAggAT
263 gTTCCTggACAgATACTTCC 485 | TCCACCgCggCCCgCTT
44 TACTTCCATAACCAggAggAgA 258 ACCgCggCCCgCCTgTC
44 TACTTCCATAACCAggAggAgA 485 | TCCACCgCggCCCgCTT
68 . | gTTTCTTggAgTACTCTACQTC 485 TCCACCgCggCCCgCTT
68 gTTTCTTggAgTACTCTACGTC 102 TgTTCCAgTACTCggCgCT
68 gTTTCTTggAgTACTCTACGTC 104 CCCgCCTgTCTTCCAggAA
68 gTTTCTTggAgTACTCTACGTC 2510 | ggCTgTTCCAgTACTCggCATC
68 gTTTCTTggAgTACTCTACGTC 58 TCTgCAATAggTgTCCACCT
1631 gAgCTggggCggCCTgC . 38 | CTgCACTgTgAAgCTCTCCA
68 gTTTCTTggAgTACTCTACGTC 38 CTgCACTgTgAAgCTCTCCA
2489 | ATACTTCCATAACCAggAggAgA 492 | gCTgTTCCAgTACTCAgGCg
61 - gﬂTCTTgCAgCAggATAAgTA' 268 CTgCAgTAATTgTCCACCCg
.69 TTTCTTggAgCTgCgTAAGTC 255 gTCCACCCggCCCCgCT

1674 CACgTTTCTTggAgCTgTg 76 ggAgTACCgggCggTgAg
151 CCgTAgTTgTgTCTgCAgTAA 2510 | ggCTgTTCCAgTACTCggCATC
70 gTTTCTTggAgCTgCTTAAQGTC 256 CTgTTCCAggACTCggCgA
70 gTTTCTTggAgCTgCTTAAGTC 38 CTgCACTgTgAAgCTCTCCA
60 gAgCgAgTgTggAACCTgA 350 TgCACACCgTgTCCAACTC
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- Appendix:2: Sense and antisense primgr,sequencgs for SSP-PCR (cohtinue) ‘

Sense S Sense | o
Primer [ Sequences - Primer [ Sequences .
"~ 77 | gCTACTTCACCAACgggACC 112 | CgTgCggAgCTCCAACTg .
82 gTgCgTCTTgTgAgCAgAAg ' .78 TagTAQTTgTgTCTgCATACG
77 | gCTACTTCACCAACgggACC 152 | CCCgCggTACgCCACCTC
79 ACggAgCgCgTgCggag 111 CCgCggAACgCCACCTC
347 TTTCgTgCTCCAgTTTAAggC 350 TgCACACCgTgTCCAACTC
348 gACgTgggggTgTACCgC 619 CCTgCggCgTCACCgCC
349 - | ggAgCgCgTgCgTCTTgTA 112 | CgTgCggAgCTCCAACTg
181 gACggAgCgCgTgCgTTA 350 TgCACACCgTgTCCAACTC
88 gACggAgCgCgTgCgTCT 831 TggCTgTTCCAgTACTCggCag
353 | gTgCgTCTTgTgACCAgATA 1466 | gCTgTTCCAgTACTCggCgT -
1465 | ggACggAgCgCgTgCgTCT '

Appendices



Appendies

Appendix 3: Overlapping peptides span on DENV serotype 2 isolate (strain 16681)

Capsid

MNNQRKKAKNTPFNMLKRERNRVSTVQQLTKRFSLGMLQGRGPLKLFMALVAFLRFLTIPPTAGILKRWGTIK
NNQRKKAKNTPFNMLKRERN #221

PFNMLKRERNRVSTVQQLTK  #226
RVSTVQQLTKRFSLGMLQGR  #222
RFSLGMLQGRGPLKLFMALV #2217
GPLKLFMALVAFLRFLTIPP #223

AFLRFLTIPPTAGILKRWGT #22 8
TAGILKRWGTIK

1K
prM

KSKAINVLRGFRKEIGRMLNILNRRRRSAGMIIMLIPTVMAFHLTTRNGEPHMIVSRQEKGKSLLFKTEDGVN
KSKAINVLR #224

KSKAINVLRGFRKEIGRM #22 9
RGFRKEIGRMLNILNRRRRS #225
LNILNRRRRSAGMIIMLIFIVMA #230
FHLTTRNGEPHMIVSRQEKG #231
HMIVSRQEKGKSLLFKTEDG #23 9

KSLLFKTEDGVN

VN
M

MCTLMAMDLGELCEDTITYKCPLLRONEPEDIDCWCNSTSTWVTYGTCTTMGEHRREKRSVALVPHV (3MGLET
MCTLMAMD #232

MCTLMAMDLGELCEDTIT #24 0
LGELCEDTITYKCPLLRQNE #233
YKCPLLRQNEPEDIDCWCNS #241
PEDIDCWCNSTSTWVTYGTC #2 34
TSTWVTYGTCTTMGEHRREK #242
TTMGEHRREKRSVALVPHVG #235
RSVALVPHVGMGLET

MGLET

E
RTETWMSSEGAWKHVQRIETWILRHPGFTMMAAILAYTIGTTHFQRALIFILLTAVTPSMTMRCIGMSNRDFV
RTETW #2 43

RTETWMSSEGAWKHYV #236
MSSEGAWKHVQRIETWILRH #2 44
QRIETWILRHPGFTMMAAIL #237
PGFTMMAAILAYTIGTTHFQ #245
AYTIGTTHFQRALIFILLTA #238
RALIFILLTAVTPSMT #246
MRCIGMSNRDFV

MSNRDFV
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FV
EGVSGGSWVDIVLEHGSCVTTMAKNKPTLDFELIKTEAKQPATLRKYCIEAKLTNTTTESRCPTQGEPSLNEE
EGV #1
EGVSGGSW #34

EGVSGGSWVDIVL #66
SGGSWVDIVLEHGSC #2
VDIVLEHGSCVTTMA #35
EHGSCVTTMAKNKPT #67
VITMAKNKPTLDFEL #3
KNKPTLDFELIKTEA #36
LDFELIKTEAKQPAT #68
IKTEAKQPATLRKYC #4
KQPATLRKYCIEAKL #37

LRKYCIEAKLTNTTT #69
IEAKLTNTTTESRCP #5
TNTTTESRCPTQGEP #38
ESRCPTQGEPSLNEE #70
TQGEPSLNEE

SLNEE
QDKRFVCKHSMVDRGWGNGCGLFGKGGIVTCAMFRCKKNMEGKWQPENLEYTIVITPHSGEEHAVGNDTGKH

QDKRF #6
QDKRFVCKHS #39
QDKRFVCKHSMVDRG #71
VCKHSMVDRGWGNGC #7
MVDRGWGNGCGLFGK  #40
WGNGCGLFGKGGIVT #72
GLFGKGGIVTCAMFR #8
GGIVTCAMFRCKKNM  #41
CAMFRCKKNMEGKW #73
CKKNMEGKWQPENL #9
EGKVVQPENLEYTIV #42
QPENLEYTIVITPHS #74
EYTIVITPHSGEEHA #10
ITPHSGEEHAVGNDT #43
GEEHAVGNDTGKH
VGNDTGKH
GKH
GKEIKITPQSSITEAELTGYGTVTMECSPRTGLDFNEMVLLQMENKAWLVHRQWFLDLPLPWLPGADTQGSN
GK #75
GKEIKIT #11
GKEIKITPQSST #44
EIKITPQSSTTEAEL #76
PQSSTTEAELTGYGT #12
TEAELTGYGTVTMEC #4 5
TGYGTVTMECSPRTG #77
VITMECSPRTGLDFNE #13
SPRTGLDFNEMVLLQ #4 6
LDFNEMVLLQMENKA #78
MVLLQMENKAWLVHR #14
MENKAWLVHRQWFLD #47
WLVHRQWFLDLPLPW #79
QWFLDLPLPWLPGAD #15
LPLPWLPGADTQGSN #4 8
LPGADTQGSN
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TQGSN
WIQKETLVTFKNPHAKKQDVWLGSQEGAMHTALTGATEIQMSSGNLLFTGHLKCRLRMDKLQLKGMSYSMCTG
WIQKE #80

WIQKETLVTF #16
WIQKETLVTFKNPHA #4 9
TLVTFKNPHAKKQDV #81
KNPHAKKQDVWLGS #17
KKQDVWLGSQEGAM #50
WLGSQEGAMHTALT #82
QEGAMHTALTGATEI #18
HTALTGATEIQMSSG #51
GATEIQMSSGNLLFT #83
QMSSGNLLFTGHLKC #19
NLLFTGHLKCRLRMD #52
GHLKCRLRMDKLQLK #84

RLRMDKLQLKGMSYS #20

KLQLKGMSYSMCTG

GMSYSMCTG

MCTG
KFKWKEIAETQHGTIVIRVQYEGDGSPCKIPFEIMDLEKRHVLGRLITVNPIVTEKDSPVNIEAEPPFGDSYK
#53

KFKWK #85
KFKWKEIAET #21
FKWKEIAETQHGTI #54
EIAETQHGTIVIRVQ #86
QHGTIVIRVQYEGDG #22
VIRVQYEGDGSPCKI #55
YEGDGSPCKIPFEIM #87
SPCKIPFEIMDLEKR #23
PFEIMDLEKRHVLGR #5 6
DLEKRHVLGRLITVN #8 8
HVLGRLITVNPIVTE #24
LITVNPIVTEKDSPV #57
PIVTEKDSPVNIEAE #89
KDSPVNIEAEPPFGD #25
NIEAEPPFGDSY
PPFGDSY

SY
INIGVEPGQLKLNWFKKGSSIGQMFETTMRGAKRMAILGDTAWDFGSLGGVFTSIGKALHQVFGAIYGAAFSG
ITI#58

IIIGVEPG #90
INIGVEPGQLKLN #2 6
GVEPGQLKLNWFKKG #59
QLKLNWFKKGSSIGQ #91
WFKKGSSIGQMFETT #27
SSIGQMFE TTMRGAK # 60
MFETTMRGAKRMAIL #92
MRGAKRMAILGDTAW #28
RMAILGDTAWDFGSL #61
GDTAWDFGSLGGVFT #93
DFGSLGGVFTSIGKA #29
GGVFTSIGKALHQVFGA #62
SIGKALHQVFGAIYG #94
LHQVFGAIYGAAFSG #30
IYGAAFSG
AAFSG
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NS1
VSWTMKILIGVIITWIGMNSRSTSLSVTLVLVGIVTLYLGVMVQADSGCWSWKNKELKCGSGIFITDNVHTW
VSWTMKILI #63
VSWTMKILIG #95
VSWTMKILIGVIITW #31

GVIITWIGMNSRSTSLS #64
VIITWGMNSRSTSLS #96
IGMNSRSTSLSVTLV #32
VITLVLVGIVTLVLGVMV #65
VILVLVGIVTLYLGVMV #97
LVGIVTLYLGVMV #33
TEQYKFQPESPSKLASAIQKAHEEGICGIRSVTRLENLMWKQITPELNHILSENEVKLTIMTGDIKGIMQAGKRS
LRPQPTELKYSWKTWGKAKMLSTESHNQTFLIDGPETAECPNTNRAWNSLEVEDYGFGVFTTNIWLKLKEKQDVF
CDSKLMSAAIKDNRAVHADMGYWIESALNDTWKIEKASFIEVKNCHWPKSHTLWSNGVLESEMIIPKNLAGPVSQ
HNYRPGYHTQITGPWHLGKLEMDFDFCDGTTWVTEDCGNRGPSLRTTTASGKLITEWCCRSCTLPP

NS2A

LRYRGEDGCWYGMEIRPLKEKEENLVNSLYVTAGHGQVDNFSLGVLGMALFLEEMLRTRVGTKHAILLVAVSFV
TLITGNMSFRDLGRVMVMVGATMTDDIGMGVTYLALLAAFKVRPTFAAGLLLRKLTSKELMMTTIGIVLLSQSTI
PETILELTDALALGMMVLKMVRNMEKYQLAVTIMAILCVPNAVILQNAWKVSCTILAWSVSPLLLTSSQQ
NS2B

KTDWIPLALTIKGLNPTAIFLTTLSRTSKKRSWPLNEAIMAVGMVSILASSLLKNDIPMTGPLVAGGLLTVCYVL
TGRSADLELERAADVKWEDQAEISGSSPILSITISEDGSMSIKNEEEEQTLTILIRTGLLVISGLFPVSIP

NS3
ITAAAWYLWEVKKQRAGVLWDVPSPPPMGKAELEDGAYRIKQKGILGYSQIGAGVYKEGTFHTMWHVTRGAVLM

RAGVLWDVPSPPPMG #98

WDVPSPPPMGKAELE #139
PPPMGKAELEDGAYR #180
KAELEDGAYRIKQKG #99
DGAYRIKQKGILGYS #140
IKQKGILGYSQIGAG #181
ILGYSQIGAGVYKEG #100
QIGAGVYKEGTFHTM #141
VYKEGTFHTMWHVTR #182
TFHTMWHVTRGAVLM #101

WHVTRGAVLM

GAVLM

HKGKRIEPSWADVKKDLISYGGGWKLEGEWKEGEEVQVLALEPGKNPRAVQTKPGLFKTNAGTIGAVSLDFS

HKGKR #142

HKGKRIEPSW #183

HKGKRIEPSWADVKK #102

IEPSWADVKKDLISY #143
ADVKKDLISYGGGWK #184
DLISYGGGWKLEGEW #103
GGGWKLEGEWKEGEE #14 4
LEGEWKEGEEVQVLA #185
KEGEEVQVLALEPGK #104
VQVLALEPGKNPRAYV #145
LEPGKNPRAVQTKPG #18 6
NPRAVQTKPGLFKTN#105
QTKPGLFKTNAGTIG #14 6
LFKTNAGTIGAVSLD #187
AGTIGAVSLDFS
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AVSLDFS
FS

PGTSGSPIIDKKGKWGLYGNGWTRSGAYVSAIAQTEKSIEDNPEIEDDIFRKRRLTIMDLHPGAGKTKRYL
PGT #106

PGTSGSPI #147
PGTSGSPIIDKKG #188
SGSPIIDKKGKWGL #107
IDKKGKWGLYGNGV #14 8
KWGLYGNGWTRSG #189
YGNGWTRSGAYVSA #108
VTRSGAYVSAIAQTE #14 9
AYVSATAQTEKSIED #190
TAQTEKSIEDNPEIE #109
KSIEDNPEIEDDIFR #150
NPEIEDDIFRKRRLT #191
DDIFRKRRLTIMDLH #110
KRRLTIMDLHPGAGK #151
IMDLHPGAGKTKRYL #192
PGAGKTKRYL
TKRYL
PAIVREAIKRGLRTLILAPTRWAAEMEEALRGLPIRYQTPAIRAEHTGREIVDLMCHATFTMRLLSPVRVPN
PAIVR #111
PAIVREAIKR #152
PAIVREAIKRGLRTL #193
EAIKRGLRTLILAPT #112
GLRTLIAPTRWAA #153
ILAPTRWAAEMEEA #194
RWAAEMEEALRGLP #113
EMEEALRGLPIRYQT #154
LRGLPIRYQTPAIRA #195
IRYQTPAIRAEHTGR #114
PAIRAEHTGREIVDL #155
EHTGREIVDLMCHAT #196
EIVDLMCHATFTMRL #115
MCHATFTMRLLSPVR #156
FTMRLLSPVRVPN
LSPVRVPN
VPN
YNLIIMDEAHFTDPASIAARGYISTRVEMGEAAGIFMTATPPGSRDPFPQSNAPIIDEEREIPERSWNSGHE
YN #197

YNLIIMD #116
YNLIIMDEAHFT #157
LIIMDEAHFTDPASI #198
EAHFTDPASIAARGY #117
DPASIAARGYISTRV #158
AARGYISTRVEMGEA #199
IS TRVEMGEAAGIFM #118
EMGEAAGIFMTATPP #159
AGIFMTATPPGSRDP #200
TATPPGSRDPFPQSN #119
GSRDPFPQSNAPIID #160
FPQSNAPIIDEEREI #201
APIIDEEREIPERSW #120
EEREIPERSWNSGHE #161
PERSWNSGHE
NSGHE
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WVTDFKGKTVWFVPSIKAGNDIAACLRKNGKKVIQLSRKTFDSEYVKTRTNDWDFWTTDISEMGANFKAERVID
WVTIDF #2 02

WVTDFKGKTV #121
WVTDFKGKTVWFVPS #162
KGKTVWFVPSIKAGN #203
WFVPSIKAGNDIAAC #122
IKAGNDIAACLSKNG #163
DIAACLSKNGKKVIQ #204
LSKNGKKVIQLSRKT #123
KKVIQLSRKTFDSEY #164
SRKTFDSEYAKTRT #205
FDSEYAKTRTNDWDF #124
AKTRTNDWDFWTTD #165
NDWDFWTTDISEMG #20 6
WTTDISEMGANFKA #125
ISEMGANFKAERVID#166
ANFKAERVID

ERVID
PRRCMKPVILTDGEERVILAGPMPVTHSSAAQRRGRIGRNPKNENDQYIYMGEPLENDEDCAHWKEAKMLLD
PRRCM #2 07

PRRCMKPVIL #12 6
PRRCMKPVILTDGEE #167
KPVILTDGEERVILA #208
TDGEERVILAGPMPV #127
RVILAGPMPVTHSSA #168
GPMPVTHSSAAQRRG #209
THSSAAQRRGRIGRN #12 8
AQRRGRIGRNPKNEN #169
RIGRNPKNENDQYIY #210
PKNENDQYIYMGEPL #12 9
DQYIYMGEPLENDED #170
MGEPLENDEDCAHWK #211
ENDEDCAHWKEAKML #130
CAHWKEAKMLLD
EAKMLLD
LD
NINTPEGIIPSMFEPEREKVDAIDGEYRLRGEARKTFVDLMRRGDLPVWLAYRVAAEGINYADRRWCFDGVKN
NIN #171
NINTPEGI #212
NINTPEGIIPSMF #131
TPEGIIPSMFEPERE #172
IPSMFEPEREKVDAI #213
EPEREKVDAIDGEYR #132
KVDAIDGEYRLRGEA #173
DGEYRLRGEARTTFV #214
LRGEARTTFVDLMRR #133
RTTFVDLMRRGDLPV #174
DLMRRGDLPVWLAYR #215
GDLPVWLAYRVAAEG #134
WLAYRVAAEGINYAD #175
VAAEGINYADRRWCF #216
INYADRRWCFDGVKN #135
RRWCFDGVKN
DGVKN
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NS4A
NQILEENVEVEIWTKEGERKKLKPRWLDARIYSDPLALKEFKEFAAGRKSLTLNLITEMGRLPTFMTQKARD
NQILE #176
NQILEENVEV #217
NQILEENVEVEIWTK #136

ENVEVEIWTKEGERK #1717
EIWTKEGERKKLKPR #218
EGERKKLKPRWLDAIY #137
KLKPRWLDARIYSDP #17 8
WLDARIYSDPLALKE #219

SDPLALKEFKEFAAGRK #138

LALKEFKEFAAGRK #179

FKEFAAGRK #220

SLTLNLITEMGRLPTFMTQK #247
GRLPTFMTQKARD

ARD
ALDNLAVLHTAEAGGRAYNHALSELPETLETLLLLTLLATVTGGIFLFLMSGRGIGKMTLGMCCIITASILL

ALDNLAV #254
ALDNLAVLHTAEAGGRA #2438
LHTAEAGGRAYNHALSELPE #255
YNHALSELPETLETLLLLTL #249

TLETLLLLTLLATVTGGIFL #256
LATVTGGIFLFLMSGRGIGK #2 50

FLMSGRGIGKMTLGMCCIT #257
MTLGMCCIITASILL

ASILL
WYAQIQPHWIAASIILEFFLIVLLIPEPEKQRTPQDNQLTYWIAILTWAATMA

WYAQI #251
WYAQIQPHWIAASIT #258
QPHWIAASIILEFFLIVLLI #252

LEFFLIVLLIPEPEKQRTPQ #259
PEPEKQRTPQDNQLTYWIA #253
DNQLTYWIAILTWAATMA #2 60

NS4B

NEMGFLEKTKKDLGLGSIATQQPESNILDIDLRPASAWTLYAVATTFVTPMLRHSIENSSVNVSLTAIANQATVL
MGLGKGWPLSKMDIGVPLLAIGCYSQVNPITLTAALFLLVAHYAIIGPGLQAKATREAQKRAAAGIMKNPTVDGI
TVIDLDPIPYDPKFEKQLGQVMLLVLCVTQVLMMRTTWALCEALTLATGPISTLWEGNPGRFWNTTIAVSMANIF
RGSYLAGAGLLF

NS5
SIMKNTTNTRRGTGNIGETLGEKWKSRLNALGKSEFQIYKKSGIQEVDRTLAKEGIKRGETDHHAVSRGSAKLRW
FVERNMVTPEGKWDLGCGRGGWSYYCGGLKNVREVKGLTKGGPGHEEPIPMSTYGWNLVRLQSGVDVFFIPPEK
CDTLLCDIGESSPNPTVEAGRTLRVLNLVENWLNNN'TQFCIKVLNPYMPSVIEKMEALQRKYGGALVRNPLSRNS
THEMYWVSNASGNIVSSVNMISRMLINRFTMRYKKATYEPDVDLGSGTRNIGIESEIPNLDIIGKRIEKIKQEHE
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TSWHYDQDHPYKTWAYHGSYETKQTGSASSMVNGVVRLLTKPWDVVPMVTQMAMTDTTPFGQQRVFKEKVDTRTQ
EPKEGTKKLMK I TAEWLWKELGKKKTPRMCTREEFTRKVRSNAALGAIFTDENKWKSAREAVEDSRFWELVDKER
NLHLEGKCETCVYNMMGKREKKLGEFGKAKGSRAIWYMWLGARFLEFEALGFLNEDHWFSRENSLSGVEGEGLHK
LGYILRDVSKKEGGAMYADDTAGWDTRITLEDLKNEEMVTNHMEGEHKKLAEAIFKLTYQNKVVRVQRPTPRGTV
MDIISRRDQRGSGQVGTYGLNTEFTNMEAQLIRQMEGEGVFKSIQHLTITEEIAVONWLARVGRERLSRMAISGDD
CVVKPLDDRFASALTALNDMGKIRKDIQQWEPSRGWNDWTQVPFCSHHFHELIMKBGRVLVVPCRNQDELIGRAR
ISQGAGWSLRETACLGKSYAQMWSLMYFHRRDLRLAANAICSAVPSHWVPTSRTTWS ITHAKHEWMTTEDMLTVIWN
“RVWIQENPWMEDKTPVESWEEIPYLGKREDQWCGSLIGLTSRATWAKNIQAAINQVRSLIGNEEYTDYMPSMKRF

RREEEEAGVLW



Appendix 4: Matrix of peptide pools
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Apgéndix 5: The breadth and magnitude of responses from all patiénts
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. : Peptide(s) . ‘ SFU/million | mean SFU/million
Study | number | recognised | Sequence PBMC per patients
BC 309 154 EMEEALRGLPIRYQT 260 260
BC 310 224 TAGILKRWGTIKKSKAINVL 100 100
BC 311 101 TFHTMWHVTRGAVLM 150 130
311 189 KVVGLYGNGVVTRSG 140 ’
311 216 VAAEGINYADRRWCF 100
BC 313 117 | EAHFTDPASIAARGY . 160 162.5
- 313 143 IEPSWADVKKDLISY 160
313 216 VAAEGINYADRRWCF 260
313 222 RVSTVQQLTKRESLGMLOGR 70
BC 314 229 | IKKSKATINVLRGFRKEIGRM 40 34.
‘ 314 233 LGELCEDTITYKCPLLRQNE 28| '
BC 315° 81 TLVTFKNPHAKKQDV 66 177
| 315 194 TLAPTRVVAAEMEEA 288 -
BC 316 61 RMAILGDTAWDFGSL 128 172!
316 216 VAAEGINYADRRWCF 216 '
BC 317 225 RGFRKE IGRMLNILNRRRRS - 60 60
BC 318 101 TFHTMWHVTRGAVLM ' 60 120
318 153 GLRTLIAPTRVVAA 100
318 154 - | EMEEALRGLPIRYQT 260
318 - 206 NDWDEVVTTDISEMG 100
. 318 200 | AGIFMTATPPGSRDP 80 _
BC 320 224 TAGILKRWGTIKKSKAINVL 130 130 |
BC 322 61 RMAILGDTAWDFGSL 60 58
322 134 GDLPVWLAYRVAAEG 60
322 159 EMGEAAGIFMTATPP 70
322 194 TLAPTRVVAAEMEEA 40
322 224 TAGILKRWGTIKKSKAINVL 60
BC 323 188 FSPGTSGSPIIDKKG 160 150
' 323 189 KVVGLYGNGVVTRSG 140
BC 324 2 SGGSWVDIVLEHGSC 60 | 110
324 61 RMAILGDTAWDFGSL 140
1324 69 LRKYCIEAKLTNTTT 150
324 101 TFHTMWHVTRGAVLM 100
324 194 ILAPTRVVAAEMEEA 90.
324 225 RGFRKEIGRMLNILNRRRRS 70 |.
324 229 IKKSKAINVLRGFRKEIGRM 120
324 13 VTMECSPRTGLDFNE - 120

PN



SFU/million

~ Appendies

mean SFU/million

, Peptide(s) |
Study | number | recognised | Sequence | PBMC per patients
B 324 237 | ORIETWILRHPGFTMMAAIL | 120 '
324 244 ‘MSSEGAWKHVQRIETWILRH 130
BC 325 147 AVSLDFSPGTSGSPI 140 125
‘325 157 VPNYNLIIMDEAHFT 190
325 195 LRGLPIRYQTPAIRA 45
BC | 327 114 IRYQTPAIRAEHTGR 100 196.25
327 189 KVVGLYGNGVVTRSG 140
327 116 LSPVRVPNYNLIIMD 200
327 117 EAHFTDPASIAARGY 200
327 131 LDNINTPEGIIPSMF 230
327" 157 VPNYNLIIMDEAHFT 230
327 172 TPEGIIPSMFEPERE 240
327 188 FSPGTSGSPIIDKKG 230 |.
BC 331 114 IRYQTPAIRAEHTGR 210 212.8571429
331 115 | EIVDLMCHATFTMRL 200
331 116 LSPVRVPNYNLIIMD 230
331 117 EAHFTDPASIAARGY 200
331 157 VPNYNLIIMDEAHFT 220 .
331 172 TPEGIIPSMFEPERE 190
331 188 . | FSPGTSGSPIIDKKG 240 A
BC 332 198 LIIMDEAHFTDPASI 120 120
BC 333 135 INYADRRWCFDGVKN 310 310|
333 198 LIIMDEAHFTDPASI 310
. 333 216 VAAEGINYADRRWCF 310
BC 334 47 MENKAWLVHRQWFLD 80 80
BC 336 50 KKQDVVVLGSQEGAM | 117 | 87.5
336 250 | LATVTGGIFLFLMSGRGIGK 58
BC 337 101 TFHTMWHVTRGAVLM 390 291.25
337 153 GLRTLIAPTRVVAA 75 '
337 196 ° | EHTGREIVDLMCHAT 200
337 233 LGELCEDTITYKCPLLRQNE 500
BC 338 50 KKQDVVVLGSQEGAM 75 48.33333333
- 338 225 RGFRKEIGRMLNILNRRRRS ‘40
338 229 IKKSKAINVLRGFRKEIGRM 30
BC 343 61 RMAILGDTAWDFGSL 138 107.5
343 194 ILAPTRVVAAEMEEA 77
BC 347 178 KLKPRWLDARIYSDP 85 106.3333333
347 152 TKRYLPAIVREAIKR 85
347 184 ADVKKDLISYGGGWK 97
347 137 EGERKKLKPRWLDAIY 97




SFU/million

Appendies

mean SFU/million

Peptide(s)
Study | number | recognised | Sequence PBMC per patients
347 233 LGELCEDTITYKCPLLRONE - 80
347 143 | IEPSWADVKKDLISY 194
BC 348 114 IRYQTPAIRAEHTGR 27 49.33333333
348 137 EGERKKLKPRWLDAIY 38
348 200 AGIFMTATPPGSRDP 83
BC 349 225 RGFRKEIGRMLNILNRRRRS 80 63.33333333
349 229 IKKSKAINVLRGFRKEIGRM 30 : -
349 69 LRKYCIEAKLTNTTT . 80
BC 350 143 IEPSWADVKKDLISY 100 100
BC 352 61 RMAILGDTAWDEFGSL 300 152
352 194 ILAPTRVVAAEMEEA 116
352 225 RGFRKE IGRMLNILNRRRRS 40
BC 353 114 IRYQTPAIRAEHTGR ' 100 68
353 152 TKRYLPAIVREAIKR 64
353 244 MSSEGAWKHVQRIETWILRH 60 -
. 353 195 LRGLPIRYQTPAIRA 48 . _
BC 354 164 KKVIQLSRKTFDSEY 118 117.6666667 |
354 188 FSPGTSGSPIIDKKG 150 7
354 198 LIIMDEAHFTDPASI 85
BC 500 101 TFHTMWHVTRGAVLM 55 55
BC 501 188 FSPGTSGSRIIDKKG 53 53
8C 502 61 RMAILGDTAWDFGSL . 60 ‘60
BC 503 61 RMAILGDTAWDFGSL 110 .99
503 194 ILAPTRVVAAEMEEA 88
BC 504 61 | RMAILGDTAWDFGSL 200 2175
' 504 194 ILAPTRVVAAEMEEA 350 | -
504 219 WLDARIYSDPLALKE 250
504 229 IKKSKAINVLRGFRKEIGRM 70
BC 507 154 -EMEEALRGLPIRYQT 120 120
BC 508 152 . TKRYLPAIVREAIKR 40 98.25
' 508 153 | GLRTLIAPTRVVAA 100
508 200 AGIFMTATPPGSRDP 153
508 226 PFNMLKRERNRVSTVQOQLTK 100
BC 509 115 EIVDLMCHATFTMRL 100 84
509 116. LSPVRVPNYNLIIMD 90
509 117 EAHFTDPASIAARGY " 80
509 131 LDNINTPEGIIPSMF 80
509 172 TPEGIIPSMFEPERE 70
BC 510 2 SGGSWVDIVLEHGSC 400 450
510 66 FVEGVSGGSWVDIVL 500




