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     ABSTRACT 
 

Dengue haemorrhagic fever (DHF) is one of the major health problems in 
tropical and subtropical areas affecting and causing mortality in mostly children of 
school age. The problem has recently deteriorated due to increased urbanization, 
inefficient mosquito control, and rapid communication.  The disease is caused by 
dengue virus of the Flavivirus genus.  The virus has four serotypes with Aedes aegypti 
mosquito as vector.  Epidemiological studies suggest that DHF occurs predominantly 
in those responses secondarily to a heterotypic virus.  The pathogenesis is not well 
defined. 

Cellular-mediated immunity has been proposed to be one of the factors 
contributing to the pathogenesis of disease as well as playing roles in protective 
immunity.  However, insight into the role of these T cells has been impeded by the 
lack of information on dengue T cell epitopes associated with common HLA found in 
endemic population.  This study was designed to identify and characterise dengue T 
cell epitopes in the Thai population, and to characterise T cell responses against the 
virus in patients with different severity.  Here, a novel HLA-A*11 restricted epitope, 
residues 134-144, and HLA-B*38 restricted epitope, residues 286-295, located in NS3 
protein were characterised.  Since HLA-A*11 is one of the most prevalent HLA class I 
molecules expressed in the Thai population, this study therefore focused on the first 
characterised HLA-A*11 restricted dengue specific CTL epitope. 

About one fourth of the samples from normal healthy Thai individuals showed 
a response against this epitope whereas all of 2 week follow up samples from dengue-
infected patients gave the response.  Interestingly, almost all of the acute samples 
showed no response against the epitope even though the dengue-specific T cells were 
detectable.  Phenotypes of the T cells during the acute phase, as demonstrated by 
dengue peptide HLA tetramers, were found to be activated and proliferating; and 
showed markers of apoptosis.  Determination of T cell affinity towards dengue 
serotype-specific peptides showed low affinity for the currently infecting virus, but 
higher affinity for other serotype - probably of previously encountered serotype.  This 
indicates an original antigenic sin phenomenon, not dissimilar to those described in 
influenza viruses.  Profound T cell activation and massive cell death may contribute to 
the systemic disturbances leading to DHF/DSS, and original antigenic sin in the T cell 
responses may suppress/delay viral elimination leading to higher viral loads and 
increased immunopathology. 
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โรคไขเลือดออกเปนหนึ่งในปญหาสําคัญของประเทศทางเขตรอนและบริเวณใกลเคียง ซึ่งกอใหเกิดการตายในเด็กวัยเรียน
เปนสวนมาก ปญหานี้ทวีความรุนแรงมากขึ้นในปจจุบันเนื่องจากการขยายตัวของเมือง การควบคุมและกําจัดยุงที่ไมมีประสิทธิภาพ 
รวมถึงการคมนาคมที่รวดเร็วขึ้น  โรคไขเลอืดออกเกิดจากการติดเชื้อไวรัสเด็งกี่ซึ่งจัดอยูในกลุมฟลาวิไวรัส (flavivirus) และมี 
4 ซีโรทัยป สามารถติดตอไดโดยมียุงลายเปนพาหะ ผลการศึกษาทางระบาดวิทยาบงชี้วา โรคไขเลือดออกและภาวะช็อกมักเกิดจาก
การติดเชื้อไวรัสเด็งกี่คร้ังที่สองซึ่งมีซีโรทัยปที่ตางจากการติดเชื้อคร้ังแรก  อยางไรก็ตามพยาธิกําเนิดของโรคยังไมเปนที่ทราบแนชัด  

ระบบภูมิคุมกันชนดิเซลลถูกเสนอวาเปนหนึ่งในปจจัยที่อาจมีสวนสําคัญตอการนําไปสูพยาธกิําเนิดของโรค เชนเดียวกับ 
การมีบทบาทในการสรางภูมิคุมกันจากการติดเชื้อ อยางไรก็ตามการศึกษาบทบาทของทีเซลลยงัมีขอจํากัด เนือ่งจากยังไมมีขอมูลของ
ทีเซลลอีพิโทปบนโมเลกุลเอชแอลเอ (HLA) ที่พบมากในประชากรในบริเวณที่มีการระบาดของโรค  งานวิจัยนี้เปนการศึกษาเพือ่
คนหาและแสดงถึงคุณสมบัติเฉพาะของทีเซลลอีพิโทปในประชากรไทย และศึกษาการตอบสนองของทีเซลลตอไวรัสเด็งกี่ในคนไข
ที่มีความรุนแรงของโรคตางกัน  ผลการศึกษาทําใหคนพบทีเซลลอิพิโทปใหมบนโมเลกุลเอชแอลเอ-เอ 11 และ เอชแอลเอ-บี 38 
ซึ่งตรงกับโปรตีนสวนที่ไมใชโครงสรางที่ 3 ของไวรสัเด็งกี่ที่ลําดับกรดอะมิโนที่ 131-145 และ 281-295 ตามลําดับ 
เนื่องจากเอชแอลเอ-เอ11 จะพบไดบอยที่สุดในเอชแอลเอจําพวกที่ 1 ในประชากรไทย  การศึกษานี้จึงมุงความสนใจไปยังทีเซลล
อีพิโทปที่อยูบนโมเลกุลเอชแอลเอ-เอ11 

ผลการวิจัยพบวาประมาณหนึ่งในสี่ของตัวอยางเซลลจากคนไทยที่มีสุขภาพปกติมีการตอบสนองทางดานเซลลตออีพิโทป
นี้ ในขณะที่การตอบสนองนี้พบไดในทุกตัวอยางเซลลที่ไดจากคนไขหลังจากการติดเชื้อไวรัสเด็งกี่เปนเวลา 2 สัปดาห เปนที่นา
สังเกตวาตัวอยางเซลลจากคนไขในระยะที่มีอาการเฉยีบพลันนั้นไมมีการตอบสนองตออีพิโทปดังกลาว แมวาจะสามารถตรวจพบที
เซลลที่สามารถจับไดอยางจําเพาะกับอีพิโทปของไวรัสเด็งกี่นี้ก็ตาม  และพบวาลักษณะของทีเซลลกลุมนี้ถูกกระตุน มีการแบงตัว 
และมีการตายแบบ apoptosis  ในการวัดความสามารถของการจับกันระหวางทีเซลลกับอีพิโทปของไวรสัเด็งกี่บนเอชแอลเอ
โมเลกุล  พบวาทีเซลลกลุมนี้สามารถจับกับอีพิโทปที่มาจากไวรัสซีโรทัยปที่เกิดการติดเชื้อขณะนั้นไดนอยกวาที่จับกับอีพิโทปที่มา
จากไวรัสซีโรทัยปอื่น ซึ่งอาจมาจากการติดเชื้อคร้ังกอน ปรากฏการณนี้เรียกวา “original antigenic sin” เหมือนกับที่พบ
ในเชื้อไวรัสอินฟลูเอนซา (influenza) การตรวจพบการกระตุนของทีเซลลและการตายของเซลลเปนจาํนวนมาก อาจสงผล
กระทบตอระบบการทํางานของรางกายและนําไปสูการเกิดความรุนแรงของโรคไขเลือดออก  ในขณะเดยีวกันการตอบสนองของที
เซลลตออิพิโทปของไวรัสซีโรทัยปเดิม (original antigenic sin) อาจมีผลยับยั้งหรือชะลอการกําจัดไวรัส สงผลใหมีจํานวน
เชื้อไวรัส และความรุนแรงของพยาธิสภาพอันเกิดจากระบบภูมิคุมกันเพิม่มากขึ้น 
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CHAPTER 1 

INTRODUCTION 

 

 
Dengue hemorrhagic fever is one of the serious causes of morbidity and 

mortality in children at school age in tropical and subtropical areas of the world. 

Infection is a global problem, with over 2.5 billion people at risk and up to 50 million 

infected per year (1).  The disease is caused by infection with dengue viruse which is 

an arthropod-borne flavivirus.  Dengue can be subdivided into 4 major serotypes, 

dengue 1-4 (2).  Symptoms begin 5-7 days following a bite from an infected mosquito.  

Patients develop a high fever for 2-7 days which corresponds to a period of high 

viraemia.  When the fever remits, the defervescent day, defined as day 0, patients can 

get worse and in severe cases develop shock.  Following the defervescence phase the 

viral load falls to undetectable levels by 48 hrs at which time the patient will generally 

begin to improve.  The majority of infections are asymptomatic or cause a self-limiting 

febrile illness known as dengue fever (DF).  The more severe form of dengue 

infection, dengue haemorrhagic fever (DHF) is characterized by high fever, 

haemorrhagic phenomena and plasma leakage which may be life threatening and is 

found more commonly in secondary dengue virus infection than in primary dengue 

virus infection. (3).  DHF is classified into 4 grades, the more severe of which, grades 

III and IV, are associated with dengue shock syndrome (DSS).  There are several 

hundred thousand cases of DHF each year depending on endemic activity and without 

appropriate treatment mortality can be over 20%.  With hospitalisation and the 

appropriate supportive care, principally careful fluid management, this can be reduced 

to below 1%. 
The pathogenesis of DHF is not well characterized, but key epidemiological 

studies indicate that it often occurs when a dengue immune person becomes 

secondarily infected with a virus of different serotype.  Based on epidemiological and 

laboratory studies, both viral and host factors have been proposed to play a role in the 

pathology of the severe dengue disease (3).  The genetic difference in dengue virus 
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results in some viral strains showing more virulence than the others (3).  Two host 

factors have been suggested, an antibody dependent enhancement and T cell 

mediation.  Halstead proposed a model of antibody-dependent enhancement, whereby 

upon secondary infection pre-existing non-neutralising antibodies may opsonise the 

virus and enhance its uptake via Fc receptors on the surface of 

monocytes/macrophages leading to replication in monocytes/macrophages leading to 

higher viral loads (4, 5).  However, although antibody dependent enhancement can be 

demonstrated in vitro, it may not be the whole explanation for the development of 

DHF.  Others have suggested that the disease may be caused by T cell activation and 

the levels of several cytokine productions by activated dengue-specific T lymphocytes 

and infected monocytes during dengue infection.  The T cell mediated pathogenesis is 

based on the data showing the magnitude of T cell activation is positively correlated 

with the severity of the disease (6, 7).  The studies showed that level of soluble CD4, 

soluble interleukin (IL)-2 receptor, and T cell activation were found higher in patients 

with DHF than in those with degue fever (DF) (6).  Interestingly, soluble CD8 was 

found only in DHF patients and also the percentage of CD8+ T cells, but not CD4+ T 

cells, expressing early activation marker CD69 were significantly higher in DHF 

patients than in DF patients during early febrile stage which is a time that dengue virus 

can be detected in blood (8,Kurane, 1991 #26).  The result indicates that CD8+ T cells 

are highly activated in patients with DHF, and the marked activation of T cells may 

contribute to the severe complication of dengue virus infections.  Moreover, activated 

T cells may also directly or indirectly cause production of cytokines and chemical 

mediators such as TNFα, IFNγ, IL-2, IL-6 and histamine (9, 10).  Elevated serum or 

plasma levels of these cytokines in DHF patients compared with DF patients and 

healthy children have been observed.  Therefore, these vasoactive cytokines may play 

a role in plasma leakage found in DHF patients, suggesting that enhanced activation of 

these T cells may contribute to the DHF pathogenesis. 

On the other hand, T cells, especially CD8+T cells, show strong protection to 

dengue-immunised mice upon challenge with lethal does of dengue virus (11).  This 

implies the important role of CD8+ T lymphocytes in the protection.  Recently, the 

linkage between particular HLA class I and susceptibility/resistance to the disease 

severity in dengue virus infection has been shown (12). 
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So far, few studies on the human CD8+ T cell response to dengue virus are 

available.  Base on the ex vivo studies, dengue specific memory CD8+ T cells were 

shown to be presented in dengue vaccinees (13-15) or those after natural infection (12, 

16, 17).  CD8+CTL responses in humans after immunization with one serotype of 

dengue virus were shown to be both serotype specific and/or cross-reactive and 

directed against a variety of peptides encoded by different gene segments of the virus, 

including prM, E, NS1.2a and NS3 (14).  Studies in mice and human have shown that 

NS3 protein appear to be the most immunogenic antigen for the cellular response to 

dengue and other flaviviruses (7, 14, 18).  No data was available for the peptides 

residing in the C, NS4 and NS5 regions and only a few peptide epitopes have been 

isolated for CD8+ T cells.  The latter have often been from Western volunteers who do 

not possess the common Asian HLA types.  So to date, no well defined epitopes have 

been defined for HLA-A*11, which is found in around 30% of the population in South 

East Asia, or for the other common Thai HLA alleles such as HLA-A*24 (20%) or 

HLA-A*33 (15%)  (19)which have been shown to be associated with susceptibility 

and resistance to severe disease, respectively (12). 

The lack of knowledge of such epitopes has meant that dengue virus-specific 

CD8+ T cell responses have not been studied over the time course of acute dengue 

infection.  Thus it is necessary to defined epitopes for these common HLA-A alleles.  

These epitopes combined with HLA-peptide tetrameric complex technology will give 

us a powerful tool to study dengue-specific CD8+ T cells in more detail in order to 

understand their role in the pathogenesis and protection of disease which may have 

implication for treatments and vaccine design in the future. 
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CHAPTER 2 

OBJECTIVES 

 

 
1. To identify HLA class I restricted dengue T-cell epitopes in the Thai 

population. 

1.1 To identify dengue virus-specific cytotoxic T-cell epitopes in normal 

healthy Thais by using a set of overlapping peptides by the detection of 

IFN-γ production using Elispot assay. Optimal epitopes will then be 

identified by a set of truncated peptides. 

1.2 To identify HLA restriction of defined dengue epitopes by using a 

panel of allogeneic B cell lines (BCL) with HLA-A, -B, and –C alleles 

in common with autologous cells or .221 stable cell lines expressing 

single matched HLA alleles as target cells expressing dengue epitopes. 

These experiments will be performed using conventional 51Cr-release 

assays with the peptide-specific CTL lines or clones as effectors. 

 

2. To investigate the T cell responses against different serotypes of dengue 

epitopes. 

2.1 To study the response of dengue-specific CD8+ T cell lines against 

variant peptides from different dengue serotypes.  

2.2 To determine the recognition frequency of these variant peptides in a 

normal healthy Thais cohort who were in an endemic area by using 

IFN-γ Elispot assay. The results will be represented as the background 

of dengue-specific T cell frequencies and responses in this population. 

2.3 To compare the frequencies of dengue-specific T cells against variant 

epitopes during the acute hospitalization phase and 2 weeks, 2 months 

afterward by using Elispot .assay. 
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3. To construct MHC Class I tetrameric/dengue peptide complexes for the 

purpose of quantitation and phenotypic studying of dengue-specific T cells. 

3.1 To determine the frequencies of dengue-specific cytotoxic T cells in 

normal healthy Thais and dengue infected patients by using MHC class 

I peptide tetramers. 

3.2 To study the phenotype of dengue-specific cytotoxic T cells in normal 

healthy Thais and dengue infected patients by using MHC class I 

peptide tetramers and co-staining with a panel of antibodies against 

phenotypic markers. All the antibodies are conjugated with 

fluorochrome; either fluorescien isothiocyanate (FITC), 

allophycocyanin (APC) or peridinin chlorophyll-protein (PerCP). Cells 

will then be analysed by flow cytometry. 

3.3 Frequencies and phenotypes of dengue-specific cytotoxic T cells were 

also compared between the acute and convalescent phase within the 

same donors. 

 

4. To answer the question, why are the frequencies of antigen specific T cells 

were so low during the early stage of infection? 

4.1 To study whether the dengue virus specific T cells undergo apoptosis 

during an acute phase of infection by using TUNEL assay. 

4.2 To examine the expression of some death receptors (Fas, DR4, DR5, 

and TNFR) and also anti-apoptotic factor, Bcl-2 on dengue-specific T 

cells by staining with tetramer followed by a panel of specific 

antibodies against interesting markers. 

 

5. To study serotype specific and serotype cross-reactive responses by double 

staining samples with pairs of variant tetramers. 

5.1 To determine the dissociation kinetics of the interaction between the 

HLA-A*11/GTS tetramers and the GTS specific CD8+ T cells  

5.2 To estimate the Apparent Kd value for the interaction between GTS-

specific CTL clones and HLA-A*11/GTS tetrameric complexes 
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CHAPTER 3 

LITERATURE REVIEW 

 

 
Dengue infection is one of the most important mosquito-borne viral diseases of 

humans.  The disease caused by four dengue virus serotypes, ranges from 

asymptomatic infection, undifferentiated fever, dengue fever (DF) to severe dengue 

hemorrhagic fever (DHF) with or without shock (20, 21, 22).  DF and DHF are 

increasingly important public health problems in tropical and subtropical areas.  

Global reports of DHF have increased on average by fivefold in the past 20 year.  

Dengue virus has been recognised in over 100 countries and more than two fifths of 

the world’s population (2.5 billion) live in areas where dengue is endemic.  At the 

beginning of the 21st century, dengue infection causes an estimated 50-100 million 

cases of dengue fever annually and several hundred thousand cases of dengue 

haemorrhagic fever depending on epidemic activity (23).  The fatality rates vary 

among countries from 1-5%.  The fatality rates are generally below 2% in places 

where there are good treatment facilities, but the mortality is much higher where the 

facilities are lacking or where the diagnosis is not made (1). 

 

3.1 Dengue viruses 

Dengue viruses belong to the Genus Flavivirus, Family Flaviviridae, which 

includes approximately 70 known viruses, the majority of which are arthropod-borne.  

There are four dengue virus serotypes, called DEN-1, DEN-2, DEN-3, and DEN-4 (2), 

which are antigenically related and any one of which may cause disease.  This virus is 

a mosquito borne virus transmitted by Aedes mosquitoes (24-29). 

Dengue virus is relatively small, about 40 to 50 nm in diameter surrounded by an 

icosahedral nucleocapsid core of 30 nm in diameter and covered by a lipid envelope 

containing envelope (E) and membrane (M) proteins (30).  This E protein (50 to 60 

kDa) is believed to play a central role in dengue entry and fusion (31).  It is the 

principle target of neutralizing antibodies (32).  Protein M (7 to 8 kDa) is initially 



Fac. of Grad. Studies, Mahidol Univ. 
 

Ph.D. (Immunology) / 7 

synthesized as a larger glycosylated precursor, prM, which is associated with protein E 

in immature intracellular virions.  In addition to E and M proteins, mature virions 

contain a capsid protein, C, (15 kDa), which is associated with an infectious positive 

single stranded RNA.  The viral RNA genome is approximately 11,000 bases in length 

containing an uninterrupted single open reading frame (ORF) flanked by 5’ and 3’ 

non-translated regions (NTRs) which are important for regulating viral replication.  

There is a 5’ cap but there is no long poly A tail at the 3’ end.  The viral genome is 

translated into a single polyprotein of over 3,300 amino acids, which is processed by 

either cellular or viral proteases (33) during or after the viral translation into three 

structural proteins, the nucleocapsid or core protein (C), the precursor of the 

membrane (M) protein (prM), the envelope protein (E) and seven non-structural 

proteins, the NS1, NS2, NS3, NS4, and NS5.  The order of proteins encoded in dengue 

virus ORF is cap 5’- C - prM – E – NS1 – NS2 – NS3 – NS4 – NS5 – 3’ (Fig. 3.1).  
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Figure 3.1.  Organization of the dengue genome. 

  The DEN genome is a single-stranded sense RNA with a single open reading 

frame (ORF).  The ORF is translated as a single polyprotein that is cleaved by viral 

and host proteases to yield the ten viral proteins: the C protein; the M protein, which is 

synthesized as the larger precursor protein pre-M (prM); E glycoprotein; and seven NS 

proteins. 
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A definitive identification of both dengue virus target cells and dengue virus 

receptors remains elusive.  Cells of monocyte/macrophage lineage have long been 

considered as the primary target cells for dengue virus (4).  Dengue antigen has been 

detected in kuffer cells, alveolar macrophages, mononuclear phagocytes in the skin, 

and circulating monocytes of patients with dengue infection(4, 34-38).  The viruses 

have been isolated or detected in organs such as the lymphoid tissue, liver, spleen, 

kidney, and brain (39).  In addition to monocytes/macrophages, immune effector cells 

such as T-and B-cell lineages and non-immune cells such as bone marrow stromal 

cells, endothelial cells, brain cells and hepatocytes can bind and become infected with 

dengue virus (40).  

In all cases, the cell-surface membrane molecules to which the virus must attach 

to initiate infection remain unknown.  Early studies described a trypsin sensitive cell-

surface protein on human macrophages responsible for binding of dengue virus in the 

absence of virus-specific antibodies, i.e. a non- Fc receptor (FcR) molecule (41).  

Moreover, there is an alternative mode of entry of dengue virus into 

monocytes/macrophages that is mediated by antibody-FcR interaction (42), which is 

strongly implicated in the pathogenesis of more severe disease in individuals with pre-

existing antibody (4, 34-38, 43).  However, this mechanism cannot explain the primary 

infections in patients without antibody to dengue virus, and it cannot explain the 

ability of dengue virus to infect nonphagocytic cell types that do not express FcR.  

Heparin, highly sulphated heparan sulfate (44, 45) (the most ubiquitous member of 

molecules of the glycosaminoglycan (GAG) family) and a lipopolysaccharide (LPS) 

binding CD14-associated molecule have recently been proposed as the cellular 

receptor for dengue virus and implicated in the dengue virus–attachment process to 

various non-human and human cell types (46).  These findings suggest that dengue 

virus binding moieties on the target cell surface membrane may vary between cell 

types and dengue serotypes (41). 

Although monocytes and macrophages have long been recognized as an 

important component of dengue pathogenesis, recent studies have demonstrated that 

two dendritic cell (DC) subsets, immature blood-derived DCs and immature skin DCs 

(langerhans cells) are permissive for dengue virus replication.  The infection of DCs 

by dengue virus is substantially more efficient than infection of monocytes, 
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macrophages or lymphocytes in an FcR-independent manner.  This indicates that skin 

DCs are likely the initially target of dengue virus infection in the arthropod-borne 

transmission of dengue virus into human skin (47).  More recently, there is evidence 

showing that DC-specific ICAM-3 grabbing nonintegrin (DC-SIGN), a C-type lectin, 

is also a receptor on DC for all four dengue serotypes (48, 49).  DCs may play an 

important role in the pathogenesis of dengue infection through an increase in viral load 

and cell activation (50). 

Dengue virus has a relatively simple structure, the envelope protein is the major 

structural protein exposed on the surface (31).  It is therefore likely that initial binding 

of dengue virus to target cells is mediated by binding of the envelope protein to an 

unidentified specific cell surface receptor (Fig. 3.2).  Once the dengue virus has bound 

to an uncharacterised cell surface receptor, it will be taken up by endocytosis or direct 

fusion (51).  The virus envelope glycoprotein then undergoes an irreversible 

conformational rearrangement from a dimer to a trimer triggered by the mild acid 

environment in the endosome (52).  The conformational change induces fusion of 

virus envelope and host cell endosome membrane, and nucleocapsid is released into 

the cytoplasm.  Following entry and uncoating the dengue genome, an 11 kb single 

stranded positive-sense RNA is immediately translated into a long polyprotein by a 

cellular protein synthesis machinery.  The resulting polyprotein is post-translationally 

cleaved and modified by a cellular or viral protease.  Cleavage at the C/prM, prM/E, 

E/NS1, and NS4a/NS4b junctions are mediated by cellular protease.  Viral-encoded 

NS2b-NS3 protease then releases non-structural proteins from the polyprotein (33). 

Early translation occurs in association with the rough endoplasmic reticulum 

(RER), thereby facilitating localization of viral proteins in the luminal, membrane, or 

cytoplasmic content.  Following processing, several non-structural proteins associate 

to form a viral replicase complex. NS5 is one of the non-structural proteins, which is 

thought to be an RNA-dependent RNA polymerase.  Positive stranded RNA can then 

initiate translation of more structural proteins, or is assembled into the virion.  The 

assembly of the virion begins with positive stranded RNA and C protein forming the 

nucleocapsid.  The nucleocapsid eventually becomes enveloped by budding through 

RER membranes, containing E and prM proteins followed by accumulation of 

immature virions in intracytoplasmic vesicles before transporting out of cells by 
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exocytosis.  The final stage of virion maturation occurs when the prM protein is 

cleaved by a cellular protease and surface proteins are re-organized from the prM-E 

heterodimer to E protein trimers before releasing fully active mature virions.  It is 

believed that the function of prM is to protect against premature fusion and virus 

inactivation by preventing protein E from undergoing structural changes through 

acidic intracellular compartments during transportation. 
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Figure 3.2.  Proposed mechanism for fusion mediated by class II viral fusion 

proteins. 

Full-length E is represented as in Fig. 2.2c, with the stem and viral 

transmembrane anchor in cyan.  a, E binds to a receptor on the cell surface and the 

virion is internalized to an endosome.  b, Reduced pH in the endosome causes domain 

II to hinge outward from the virion surface, exposing the fusion loop, and allowing E 

monomers to rearrange laterally in the plane of the viral membrane.  c, The fusion 

loop inserts into the hydrocarbon layer of the host-cell membrane, promoting trimer 

formation.  d, Formation of trimer contacts spreads from the fusion loop at the tip of 

the trimer, to the base of the trimer.  Domain III shifts and rotates to create trimer 

contacts, causing the C-terminal portion of E to fold back towards the fusion loop.  

Energy release by this refolding bends the apposed membranes.  e, Creation of 

additional trimer contacts between the stem-anchor and domain II leads first to 

hemifusion and then (f) to formation of a lipidic fusion pore. 
  Modis et al. Nature 427,313 - 319 2004
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3.2 Epidemiology 

Dengue fever or dengue-like illness had a wide geographic distribution before 

the 18th century.  With the increased epidemic transmission during and after the second 

World War, hyperendemicity (the co-circulation of multiple dengue virus serotypes) 

developed in Southeast Asia and DHF/DSS became established there as a stable 

feature of endemic dengue virus transmission (53).  The first epidemic of DHF was in 

1953 (Manila, Philippines) and the disease spread throughout Southeast Asia until 

1970s.  In the 1980s, and 1990s, however, epidemic DHF spread west into India, 

Pakistan, Srilanka, and Maldive Islands and east into China (54).  In many Southeast 

Asian countries, DHF is now a leading cause of hospitalisation and death among 

children.  In the American region, there has been a dramatic resurgence of epidemic 

dengue fever and the emergence of DHF for the first time in history in the past 20 

years.  In the 1950s and 1960s, most countries in central and south America were 

certified to have eradicated Aedes. aegypti.  By the late 1970s A. aegypti had 

reinfested many locations. South America experienced its first DHF epidemic in Cuba 

in 1981(55).  This was followed by Venezuala in 1989, and then Brazil in 1990 (56).  

The number of countries with epidemic dengue increased sharply during the 1980s and 

1990s.  By 1997, DHF had emerged as a disease entity in several major and many 

minor epidemics in tropical and subtropical countries in America (57). 

In centuries past, epidemics of dengue fever occurred every 10-40 years in 

tropical regions of the world.  This pattern has shifted dramatically in the last century.  

Epidemics of DF and DHF now occur every 3-5 years through out countries in 

Southeast Asia.  Dengue viral infections now cause more illness and death than any 

other arboviral illness.  It has become a serious cause of morbidity and mortality in 

most tropical and subtropical areas of the world.  The disease is endemic in Central 

and South America, Southeast Asia, Western Pacific, Africa, and the Eastern 

Mediterranean, with the major disease burden in the three first regions (1).  The factors 

responsible for this global resurgence of DF and the emergence of DHF include 

unprecedented population growth, unplanned and uncontrolled urbanization, increased 

air travel and the lack of effective mosquito control. 

Humans and mosquitoes are the principal hosts of dengue virus, but the viruses 

are only known to cause illness in humans by the bite of an infective mosquito.  The 
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principle vector of dengue virus, Aedes aegypti, is a domesticated tropical mosquito 

although some other species such as Aedes albopictus and Aedes polynesiensis are also 

involved in some regions. Aedes aegypti is highly susceptible to dengue virus (58).  It 

feeds preferentially on human blood during daylight hours, and it is a restless 

mosquito as the slightest movement interrupts feeding, several people may be bitten in 

a short period for one blood meal (59).  This behaviour makes A. aegypti such an 

efficient epidemic vector.  Female A. aegypti mosquitoes acquire the dengue virus by 

biting an infected human during the viremic phase, which usually lasts for 4 to 5 days 

but may last up to 14 days and the extrinsic period in the mosquito is about 8 to 10 

days before the viral transmission (60).  After this extrinsic incubation period the 

mosquito may transmit the virus during every subsequent feeding of its life. 

Humidity and temperature have an effect on dengue transmission.  Outbreaks of 

dengue infection usually occur during the rainy season as the mosquito survival is 

longer in high humidity.  Dengue incidence is also usually associated with warmer 

weather, as the higher temperature causes a shorter extrinsic incubation period.  

Both dengue and DHF affect persons of all ages.  Dengue attack rates are either 

uniform across age groups (61) or in some studies are highest in young infants and 

elderly (62).  Most DHF cases occur among children younger than 15 years of age 

(63).  Some studies have found higher dengue attack rates among women than men 

and early work suggested that DHF was more common in girls than in boys but data 

from Thailand showed similar proportions of boys and girls among the reported DHF 

cases.  The death rate fell with increasing age and rose in adult aged 50 years and 

older.  The risk that a child will die during a secondary infection is nearly 15-fold 

higher than the risk in adults. 

A study in Cuba in 1981 found DHF and DSS seemed to be more frequent in 

whites than in blacks and among those with a history of chronic disease such as 

bronchial asthma, diabetes, and sickle-cell anemia (64).  Undernourished infants seem 

to have a lower risk of DHF than infants with good nutritional status (65). 

 

3.3 Dengue in Thailand 

DHF was first reported in Thailand in 1950.  It is one of the leading causes of 

morbidity among children under 10 years of age and has become a major public health 
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problem throughout Thailand.  DHF is now the third most common cause of 

hospitalisation of children in Thailand.  The number of cases of dengue hemorrhagic 

fever in Thailand varies widely from year to year.  The reported number of cases has 

been showing a gradually increasing trend while the case fatality rates have decreased 

with appropriate recognition and improved treatment and the fatality rate is now only 

0.3 to 0.6%.  Large outbreaks of DHF in Thailand occur at 2 to 3 years intervals.  In 

the first few outbreaks, the disease was mainly found in Bangkok and its surrounding 

areas, and the majority of cases were children aged between 2 and 6 years.  Since 

1965, the disease has been reported from all regions of the country and the rate is now 

higher in rural (102.2 per 100000) than urban (95.4 per 100000 in 1997) areas.  There 

also seemed to be a shift in the age group affected from younger people to older ones.  

As shown in 1993, children 5-9 years of age had the largest proportion of cases, 

whereas in 2002, the peak age of those infected was 10-14 years and the percentage of 

cases aged over 15 years increased from 7.25% in 1988 to 19.75% in 1998.  These 

changes may be due to the improvement in the standard of living in Thailand.  

Improved housing standards, and reduction of mosquito breeding containers around 

houses may all contribute to decreasing the intensity of potential exposure to dengue-

infected mosquitoes in young children.  The increased dengue infection of an older age 

may be because the intensity of exposure to dengue-infected mosquitoes increased 

with greater exposure to the outside environment at home or school.  Although 50% of 

cases were diagnosed in the rainy season (June to August), the disease is also now 

observed all the year round.  Dengue disease incidence has increased from 9/100,000 

in 1958 to 89/100,000 in 1998, with largest reported incidence of 325/10,000 in 1988. 

 

3.4 Clinical manifestation of dengue virus infection 

After a person is bitten by an infective mosquito, the virus undergoes an 

incubation period which can vary from 3 to 14 days (average 4 to 7 days).  Dengue 

virus infection can cause a spectrum of illnesses from asymptomatic or mild 

undifferentiated fever, classical dengue fever (DF) to severe and fatal disease, dengue 

haemorrhagic fever or dengue shock syndrome (DHF/DSS).  Most dengue infections 

are asymptomatic or very mild characterised by undifferentiated fever with or without 

rash mainly in infants and young children.  This nonspecific febrile illness can be 
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confused with influenza, measles or any non-specific viral syndrome.  Older children 

and adults may develop a mild febrile syndrome or classical dengue fever.  However, 

there is a risk of progressive development into dengue haemorrhagic fever or dengue 

shock syndrome (DHF/DSS) (66).  

 

3.5 Dengue fever 

Dengue fever is an acute febrile illness characterised by the sudden onset of 

fever.  The temperature may rise to between 39 to 40 °C and fever may last for 2 to 7 

days (59, 66-68).  The fever is usually accompanied by a variety of non-specific signs 

and symptoms, including retro-orbital and frontal headache, body aches, nausea, 

vomiting, joint pains, lymphadenopathy and weakness.  Patients may be anorexic, 

have taste aberrations and have a mild sore throat. One to 2 days after defervescence, a 

maculopapular rash may appear. In most cases, DF is self-limiting and the patient 

usually recovers from the symptoms without complications about 10 days after the 

onset of disease.  Haemorrhagic manifestations in dengue fever patients are not 

common and range from mild to severe.  Skin haemorrhages, including petechiae and 

purpura, are the most common with gum bleeding, epistaxis, menorrhagia, and 

gastrointestinal haemorrhage.  Hematuria occurs infrequently and jaundice is rare (68) 

 

3.6 Dengue Haemorrhagic fever 

Dengue haemorrhagic fever (DHF) is primarily a disease of children under the 

age of 15 years, although it may also occur in adults (69).  DHF is an acute vascular 

permeability syndrome accompanied by abnormality in hemostasis.  It’s a life-

threatening syndrome.  Plasma leakage is the major patho-physiological feature 

observed in DHF and differentiates it from typical dengue fever (39). 

Patients who develop DHF generally have an onset of illness similar to that seen 

in classical dengue fever, which usually last for 2 to 7 days. Illness starts with the 

sudden onset of fever, headache, nausea, vomiting, anorexia, abdominal pain, 

pharyngitis, lymphadenopathy, and sometimes a rash (39, 66, 68).  Common 

haemorrhagic manifestations include skin haemorrhage, pupuric lesions with a 

positive tourniquet test, and ecchymoses.  Epistaxis, gingival or gastrointestinal 

bleeding is less frequently observed in DHF cases (66).  Plasma leakage such as 
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pleural effusion, ascites, and hypoproteinemia may develop and the liver may become 

enlarged.  

The severe progression of DHF may result in DSS, which is a form of 

hypovolomic shock associated with circulating failures, presenting as rapid and weak 

pulse, narrow pulse pressure or hypotension, cold clammy skin, and altered mental 

status.  DSS might lead to death if appropriate care is not given. 

The critical stage of DHF/DSS is at the time of defervescence but signs of 

circulatory failure may occur from about 24 hours before to 24 hours after the 

temperature falls to normal or below.  The crisis usually last for 24 to 36 hours and the 

patients recover rapidly once convalescence starts.  The World Health Organization 

(WHO) categorises DHF into four grades from less severe (grade I) to severe (grade 

IV).  Grade I and grade II are non-shock DHF. In grade I, the only hemorrhagic 

manifestation is a positive tourniquet test or tendency to bruise, while in grade II there 

is spontaneous bleeding, usually in the form of petechiae, ecchymoses, purpura, 

bleeding from nose or gums, hematemesis and melena.  Grades III and IV are cases of 

DHF with shock (dengue shock syndrome).  In grade III, signs of shock may include 

cold clammy skin, restlessness, rapid and weak pulse, narrow pulsed pressure (20 

mmHg or less) or hypotension. Grade IV cases are those with profound shock with 

undetectable pulse and/or blood pressure (1). 

 

3.7 Laboratory findings 

Clinical laboratory findings associated with DF include a neutropenia followed 

by a lymphocytosis marked by atypical lymphocytes.  Leukopenia is seen in 50 to 90 

percent of DF cases.  Significant thrombocytopenia commonly occurs in DHF but is 

uncommon in DF and the hematocrit level is normal in DF cases (39).  

For DHF/DSS cases, the haematological manifestations includes an increase in 

hematocrit (≥20% increase in hematocrit level) and thrombocytopenia (a platelet count 

≤100,000/mm3), which is usually found between day 3 and 8 of illness.  A fall in 

platelet count associated with a rising hematocrit may suggest the development of 

DHF.  As with DF, leukopenia is common.  Results of coagulation tests may be 

abnormal; prolonged partial thromboplastin, and thrombin times are noted more 

frequently than prolonged prothrombin times (39).  Hypoproteinemia and 
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hypoalbuminemia are common (39).  Hepatomegaly is also a common but not constant 

finding.  Liver function tests show that most patients with DHF have elevation of 

alanine aminotransferase (ALT) and aspartate aminotransferase (AST) (39).  

Hyponatremia is also commonly found in DHF patients with shock and may be cause 

convulsion.  Results of urinalysis are usually normal but hematuria trace amount of 

albumin and urinary casts have been reported.  Because the clinical features observed 

in DHF are unique, the WHO has used the following criteria to define a case of DHF; 

high continuous fever for 2 to 7 days, a haemorrhagic diathesis, hepatomegaly, 

thrombocytopenia with hemoconcentration and shock. 

 

3.8 Laboratory diagnosis 

In general, the clinical findings are not very helpful in distinguishing dengue 

fever from other febrile illness such as influenza, measles, typhoid fever, and malaria 

(66, 68).  Additionally, DHF may be confused with sepsis, toxic shock, and any of the 

viral hemorrhagic fever including yellow fever.  Therefore, diagnosis of dengue 

infection can be confirmed with several laboratory tests.  Currently, diagnosis is based 

on viral isolation (70), serology (71), and RNA (72) detection.  Four viral isolation 

systems have routinely been used for dengue virus including intracerebral inoculation 

of newborn mice, the use of mammalian cell cultures (primarily LLC-MK2 cells), 

inoculation of adult mosquitoes, and the use of mosquito cell cultures.  Serum 

inoculation in mosquito cell lines such as Aedes albopictus (C6/36) and Aedes 

psuedocutellaris (AP61) are the most common methods for virus isolation but the 

C6/36 cell line has become most widely used in routine diagnosis.  However, 

inoculation of sample directly into mosquitoes, specifically adult or larval inoculation 

of Toxorhynchites spp mosquitoes is the best isolation system in terms of sensitivity. 

Specific dengue serotype can then be identified by an immunofluorescence assay with 

serotype-specific monoclonal antibodies to dengue virus. 

Serological diagnosis for determining dengue infection includes detection of the 

presence of immunoglobulin M (IgM) or immunoglobulin G (IgG) antibody titre by 

enzyme-linked immunosorbent assay (ELISA)(62) and detection of hemagglutination 

inhibition (HI) antibody.  Dengue-induced HI inhibition antibody cross-react broadly 

with other flaviviruses such as yellow fever and St. Louis encephalitis viruses (73).  
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Complement fixation (CF) (74) and neutralization test (NT) (75) are more specific 

than HI inhibition and the most specific and sensitive serologic test for dengue viruses 

is the plaque reduction neutralization test (76).  The rise in neutralising antibody in 

primary infection is also believed to be relatively type-specific and can be used to 

determine the infecting serotype.  However, ELISA is the most widely used in routine 

practice during the past few years because it is inexpensive, quick and simple to 

perform.  It has many of the properties needed for a good screening test, including 

broad cross-reactivity and high sensitivity.  IgM capture enzyme-linked 

immunosorbent assay (MAC-ELISA)(77) has become one of the most important and 

useful methods for dengue diagnosis with a single acute phase sample.  Anti-dengue 

virus IgM antibody develops a little faster than IgG antibody, and by day 5 of illness 

most patients have detectable anti-dengue virus IgM.  Therefore, the detection of anti-

dengue IgM antibody indicates a recent infection.  In addition, indirect IgG-ELISA 

(78) has been developed which can also be used to differentiate primary and secondary 

dengue infection. In primary infection, individuals develop IgG after 7-10 days and the 

titres rise slowly for some weeks and then remain detectable for many years.  During a 

secondary infection high levels of IgG are detectable even during the acute phase and 

they rise rapidly over a few days, high titres of IgG are therefore a criterion of 

secondary infection.  The high rate of IgG positivity in people who have lived in the 

tropics makes analysis of paired acute and convalescent serum samples critical for 

such situations because the presence of IgG antibody in a single serum sample has no 

clinical significance.  IgM:IgG ratios as determined by ELISA may be an alternative 

method of distinguishing primary from secondary infections.  As the serological 

diagnosis of dengue virus is complicated by the existence of cross-reactive antigenic 

determinants shared by all four dengue virus serotypes and some other flaviviruses, 

the only reliable method for determining the infecting serotype is virus isolation. 

In recent years, several PCR protocols for dengue detection have been developed 

and are increasingly being used.  Reverse transcriptase PCR (RT-PCR) (79) has 

provided one of the most important steps in the molecular diagnosis of dengue virus.  

The method is rapid, sensitive, simple, and reproducible and can be used to detect viral 

RNA in human clinical samples, autopsy tissues, or mosquitoes.  It has shown to be a 

very useful in serotype-specific diagnosis. 
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3.9 Treatment 

There are no specific agents that exist for dengue. Patients with DF require rest, 

and oral fluids to compensate for losses via diarrhoea or vomiting (80).  During the 

febrile phase, patients with DF and DHF are given antipyretics such as paracetemol 

but not aspirin, so that the platelet function will not be impaired.  In DHF/DSS, 

monitoring of blood pressure, haematocrit, platelet count, haemorrhagic 

manifestations, urinary output, and the level of conciousness is important and the 

clinical condition should be monitored until at least 24 hours after defervescence 

because of the risk of shock (81).  Because patients have loss of plasma through 

increased vascular permeability into serous spaces, they must be given isotonic 

solutions and plasma expanders, such as Ringer’s acetate or Ringer’s lactate, plasma 

protein fraction, and dextran 40.  The recommended amount of total fluid replacement 

in 24 hour is approximately the volume required for maintenance, plus replacement of 

5% of bodyweight deficit.  Monitoring should be continued for at least a day after 

defervescence.  Once the patient begins to recover, extravasated fluid is rapidly 

reabsorbed, causing a drop in haematocrit.  Before discharge, the patient should meet 

the following criteria: absence of fever for 24 hours and a return of appetite, 

improvement in the clinical picture, no respiratory distress from pleural effusion or 

ascites, stable haematocrit, and platelet count greater than 50,000/µl. 

 

3.10 Pathogenesis 

Although there are many remaining questions concerning in dengue virus 

research, one of the most important and interesting subjects is the pathogenesis of 

DHF.  Why do some of the patients infected with dengue virus develop DHF, while 

most with symptomatic infections end up as DF.  Several hypotheses for the 

pathogenesis of dengue infection have been proposed.  Among them, host immune 

factors are believed to be the main risk factor in the severity of this disease.  However, 

other factors such as viral and genetic host factors are also important. 

 

3.10.1 Host immune factors: The immune enhancement theory 

People infected with a particular dengue serotype are believed to maintain a life-

long protective immunity to infection by homologous virus, but the cross-protective 
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immunity to infection with heterologous serotype is short-lived.  It has been proposed 

that neutralising antibody to dengue virus plays a very important role in the prevention 

of dengue virus infection (82).  On the other hand, during a secondary infection with a 

different dengue serotype, pre-existing, non-neutralising, cross-reactive antibody 

recognise the heterologous infecting virus and forms an antigen-antibody complex, 

which is then bound to and internalised by immunoglobulin FcR on the cell membrane 

of the FcR-positive cells, typically monocytes/macrophages.  Because the antibody is 

heterologous, the virus is not neutralised and is free to replicate inside the cell.  This 

mechanism has been called antibody-dependent enhancement (ADE) (83), which 

enhances the infection and replication of dengue virus in cells of the mononuclear cell 

lineage resulting in the increasing number of dengue virus infected cells and the levels 

of viremia leading to DHF (4, 35).  It is also thought that these cells may produce and 

secrete vasoactive mediators in response to dengue infection (84), which causes 

increased vascular permeability leading to hypovolemia and shock. 

The role of ADE in the pathogenesis of DHF was suggested in in vitro studies by 

Kliks et al (38).  They demonstrated that the pre-infection sera of children 

experiencing asymptomatic secondary dengue 2 infection had cross-reactive dengue 

neutralising antibodies, whereas sera from children with severe dengue 2 secondary 

infection did not.  Furthermore, the sera of children from the latter group exhibited 

significant enhancement activity.  They also examined the ages of the infants who 

developed DHF in their primary infections and the dengue virus antibody titres in the 

serum samples from their mothers.  Infants who were born to the mothers who had 

high antibody titres developed DHF in the latter months of the first year of life.  Those 

born to the mothers who had low titres of dengue virus antibodies developed DHF in 

the earlier months of the first year of life.  They concluded that the level of maternal 

dengue virus antibodies in the infants needed to decline to the levels that can enhance 

dengue virus infection and lead to DHF(85). 

 Epidemiological studies done both in Thailand and Cuba are also good 

examples of the importance of secondary infections as risk factor of DHF.  Studies in 

Thailand in the 1960-1970s (20), suggested that DHF occurred predominantly in 

children experiencing a second infection with a dengue virus serotype different from 

the one encountered in the first infection.  In the dengue epidemic in Cuba in 1981, 
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dengue virus type 2 caused many DHF cases among those who had acquired dengue 

antibodies in the preceding epidemic by dengue virus type 1 in 1977 and 1978 (86).  

Also the DHF/DSS cases in the epidemic in Santiago de Cuba in 1997 (27) occured in 

persons infected initially with dengue virus type 1 in 1977-1978.  These studies 

suggest that the presence of heterotypic dengue virus antibodies before secondary 

infections is a risk factor for developing DHF, even 20 years after primary infection. 

 

3.10.2 Host immune factors: Immunopathogenesis theory 

Although neutralising antibody is believed to be the key factor in the pathogenesis of 

the disease, the cellular immune response is also important.  It has been shown that 

dengue virus-specific memory CD4+ or CD8+ T lymphocytes are detectable in humans 

after a primary infection (87, 88).  Infection with a single dengue serotype induces 

both serotype-specific and serotype-cross-reactive T cells (14, 16, 89).  Both CD4+ and 

CD8+ T lymphocytes also have virus-specific cytotoxic activity(13, 88, 90, 91).  The 

observation that dengue virus-specific CD4+ and CD8+ memory T cells after primary 

infection contain serotype cross-reactive T cells supports the possibility that they will 

become activated during a secondary infection with a dengue virus of heterologous 

serotype.  In fact T cells seem to be highly activated in patients with DHF with a high 

level of T cell activation markers, i.e. soluble IL-2 receptors, soluble CD4 and soluble 

CD8 in the sera from patients with DHF (6, 9).  These observations suggest that this T 

cell activation could partly explain the pathogenic mechanism responsible for the 

increased vascular permeability through cytokine production and infected cell lysis by 

CD4+ and CD8+ dengue-specific T cells.  Cytokines could be released either directly 

from infected cells or after interactions between infected and immune cells or both. 

As the patients with DHF recover quickly by effective replacement of lost 

plasma with electrolyte solution and plasma expander, it has been suggested that the 

main manifestation of DHF, plasma leakage, is due to malfunction of vascular 

endothelial cells induced by cytokines, rather than the destruction of the small vessels 

(92).  In DHF, plasma levels of cytokines are also significantly higher than in DF (93).  

The cytokines elevated in patients with DHF include tumour necrosis factors-α (TNF-

α), Interleukin-2 (IL-2), IL-6, IL-8, IL-10, IL-12 and IFN-γ (94).  Among these 

cytokines, some of them can induce plasma leakage and shock which may be similar 
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to those seen in patients with DHF/DSS.  These cytokines include TNF-α, and IL-2 

(9). TNF-α is directly toxic to vascular endothelial cells and increases vascular 

permeability.  Injection of TNF-α induces shock (95). Increased level of TNF-α in 

patients with DHF compared to patients with DF and healthy children has been 

reported.  IL-2 is a lymphokine produced by T-cells. IL-2 has been shown to cause 

capillary leak syndrome, thrombocytopenia and activation of complement in cancer 

patients who receive high dose of IL-2 as immunotherapy (96).  However, there is not 

a statistical difference in the levels of IL-2 between patients with DHF and those with 

DF.  

In addition, IFN-γ, IL-6, and IL-8 may play an indirect role in DHF. IFN-γ may 

increase the number of dengue virus infected cells and augment T cell activation (97).  

The levels of IFN-γ are elevated in patients with DHF and DF; however, the levels are 

not different between DHF and DF (6).  IL-8 was originally described as a neutrophil 

activating peptide.  IL-8 levels have been found to be increased in septic shock and 

after infusion of endotoxin (98).  IL-6 is a multifunctional protein induced by 

lymphoid and non-lymphoid cells.  It has been reported that levels of IL-6 are elevated 

in patients with DHF (99). 

The sources of these cytokine are not completely understood.  Dengue infected 

mast cell/basophil cell lines can produce IL-1 and IL-6 (100).  Some cytokines such as 

IFN-γ, IL-2, IL-4, IL-5, IL-6, IL-10, TNF-α, and TNF-β are also produced by 

activated dengue virus-specific CD4+ T cells (101-103).  Moreover, 

monocytes/macrophages, which are infected by dengue virus, produce TNF-α, IL-1, 

IL-1β, IL-6, and PAF (104).  Infection of human cells with dengue virus induces the 

secretion of RANTES and IL-8 and the formation of non-lytic complement complexes 

(105). 

Complement activation is one factor that might be involved in the mechanism of 

plasma leakage.  It has been shown that complement is markedly activated in patients 

with DHF.  Plasma levels of complement activation products, C3a and C5a, were 

correlated with the severity of disease and were highest during the time of 

defervescence when plasma leakage occurs (106).  The mechanism of complement 

activation is not completely understood.  It is possible that the complement is activated 
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by the presence of circulating immune complexes as well as by cytokines whose 

production is augmented in DHF.  The release of C3a and C5a may have direct effects 

on vascular permeability.  Recently, there is evidence that shows dengue infected 

monocytes and endothelial cell lines activate complement via classical and alternative 

pathway (105). 

Based on these observations, immunopathogenesis of DHF/DSS has been 

proposed.  It is hypothesised that dengue virus infections of monocytes/macrophages 

are enhanced by ADE.  This enhancement is facilitated by the fact that activated 

dengue virus-specific CD4+ T cells produce IFN-γ, which up-regulates the expression 

of FcγR and augments Ab-dependent enhancement of infection (6).  The increased 

number of dengue infected monocytes/macrophages and expression of HLA class I 

and II facilitates the recognition of dengue virus epitopes on infected cells by virus-

specific T cells.  Viral antigens presented by the infected cells in the context of MHC 

complexes lead to priming and stimulation of CD4+ and CD8+ T cells which results in 

increased T cell proliferation and activation.  The marked T cell activation results in 

the production of increased levels of lymphokines (107).  IFN-γ activated monocytes 

may produce high levels of TNF-α, IL-1 and PAF or dengue infected monocytes may 

release high levels of these monokines and chemical mediators as the result of lysis by 

dengue-specific T cells (108).  High levels of C3a and C5a will be generated due to 

complement activation by virus-antibody complexes (106) and PAF may be produced 

by platelet activation and by monocytes (104).  Furthermore, the production of 

cytokines and chemical mediators is also induced by other cytokines.  Therefore, once 

various cytokines are produced, the complex network of induction further increase the 

levels of cytokines and chemical mediators resulting in the increased vascular 

permeability, plasma leakage, shock, and malfunction of the coagulation system, 

which may lead to haemorrhage (103, 109, 110). 

 

3.10.3 Viral factors 

Although most of DHF/DSS cases occur in patients experiencing a second 

dengue virus infection, or in infants less than 1 year of age born to dengue-immune 

mothers (111), DHF is also seen in primary dengue infections.  The importance of 

immune enhancement as a risk factor for severe disease does not reduce the 
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importance of other potential risk factors, such as viral virulence.  Although all four 

serotypes have been associated with DHF, dengue 2, compared to other serotypes, is 

the most frequently associated with the severe disease (20, 112).  In addition, a 

sequence of dengue infection has been shown to influence the severity.  A study in 

Thailand indicated that sequential infection with dengue 1 and then dengue 2 viruses 

seemed to be more likely to lead to DHF/DSS than other combinations with a 500-fold 

risk of DHF compared with a primary infection.  For a dengue 3/dengue 2 sequence 

the risk was 100-fold and a dengue 4/dengue 2 sequence had a 50-fold risk of DHF 

(20).  Furthermore the sequence difference within the same serotype also dictates the 

outcome of the disease.  In the Americas, only DF cases were reported up until 1981 

when the severe form, DHF, was found among patients infected with an Asian 

genotype dengue 2 (113).  Whilst only the mild disease was found in Peru where an 

American genotype dengue 2 was introduced.  These findings suggest that the Asian 

genotype tend to be more virulent than the original strain in the Americas.  Possibly 

American dengue 2 genotype strains lacked properties necessary to cause severe 

disease (114).  Sequence analysis of dengue 2 strains from DF and DHF patients 

suggested that specific amino acid changes in the 5’ and 3’ non-coding regions and 

envelope protein may be important determinants of pathogenecity.  Therefore, viral 

genotype may be involved in the pathogenesis of DHF/DSS (115). 

Moreover, it was reported that a high dengue viremia titre was associated with 

disease severity. Peak of dengue 2 viral titers were 100 to 1000-fold higher in patients 

with DHF/DSS than with DF patients (116).  In primary and secondary infections, 

higher viral titres are associated with more severe disease.  Higher titres may result in 

an amplified cascade of cytokines and complement activation causing endothelial 

dysfunction, platelet destruction, and consumption of coagulation factors, which result 

in plasma leakage and haemorrhagic manifestations. 

 

3.10.4 Host genetic factors 

Although human genetic factors have been little studied in dengue infection, 

polymorphism at the major histocompatibility complex (MHC) class I have been 

considered as contributing to the pathogenesis of DHF.  HLA-A1, HLA-B, and HLA-

Cw1 were significantly more common in DHF cases than in control (117).  Case 
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studies of serologically determined HLA class I alleles in dengue virus-infected 

patients have previously been performed in Thais.  There was evidence that the 

classical class I serotype HLA-A2 was increased in frequency in Thai DHF patients 

(118).  Moreover, a molecular analysis of HLA class I allele profiles in Vietnamese 

patients has revealed further evidence for alleles of the HLA-A locus associating with 

susceptibility to DHF.  Particularly, individuals with HLA-A24 were at increased risk 

of developing DHF (12).  By contrast, HLA-A33 was reported to be associated with a 

reduced risk of developing DHF (12).  More recently, HLA association with dengue 

virus infection was re-examined in ethnic Thais showing that the susceptibility to more 

severe DHF was associated with HLA-A0207 and less severe DF was linked to HLA-

A0203 (119).  Moreover, susceptibility to DHF may associate with polymorphisms 

within the other two non-HLA genes including vitamin D receptor (VDR) and 

FcγRIIA gene (12). 

It seems that the pathogenesis of the disease is the result of both virus- and host-

dependent factors.  Differences in the frequency of DHF/DSS are also related to the 

ethnic group, sex, age, chronic disease, immune response, lapse between first and 

second dengue infections, and nutritional status of the host. 

 

3.11 Immune responses against dengue virus infection 

The immune system generally has two primary responses to pathogen challenge: 

an innate response and an acquired (or adaptive) response.  In dengue virus infection, 

both innate and acquired immune responses are induced to eliminate virus-infected 

cells and to inhibit new viral infection of cells.  Innate immune response mechanisms 

respond earlier after infection by production of cytokine such as interferon by 

fibroblasts and monocytes as well as activation of natural killer cells (120).  Recently, 

mast cells have been demonstrated to be a potential reservoir of infection for dengue 

virus (121).  The cytokines and chemokines produced by mast cells in response to 

pathogen may profoundly alter the nature of the innate immune response and its 

effectiveness in eliminating infection (100).  Furthermore, adaptive immune responses, 

both humoral and cellular immune responses also play an important role in protective 

immunity by the effective function of antibody and T cell responses respectively.  

Adaptive immune responses generally function after innate immune responses in time.  
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In secondary dengue virus infection, memory T and B cells induced by primary 

infection are present (17), however, T cell responses can be induced more rapidly, and 

antibody levels rise to high titers early in infection.  Although these host defense 

responses are useful for clearing viral infection, the immune response may also 

contribute to the pathogenesis of DHF. 

 

3.11.1 Humoral-mediated immune response 

Humoral immunity is mediated by B cells and carried out by antibodies. 

Neutralizing antibodies represent an important component of immune control in many 

viral infections.  In dengue virus infection, anti-dengue virus antibodies have been 

reported to mediate several biologic functions which may contribute to prevention of 

or recovery from dengue virus infection including neutralization of dengue viruses 

(82), complement-mediated cytolysis, and antibody-dependent cell mediated 

cytotoxicity (ADCC) (122).  Dengue virus-specific antibodies can neutralize 

infectivity of the virus and the protective effect of antiviral antibodies was 

demonstrated directly by passive administration of dengue virus antiserum experiment 

that can protect mice from lethal dengue virus infection (123).  Moreover, antibody 

may also eliminate virus infected cells by antibody-dependent, complement-mediated 

cytolysis or cell mediated cytotoxicity, which has been reported previously in vitro 

(122).  On the other hand, antibodies to dengue viruses at subneutralizing or non-

neutralizing levels can augment dengue virus infection of FcγR expressing cells, a 

phenomenon termed antibody dependent enhancement (ADE), which may result in 

pathogenesis of DHF (83).  This effect has been studied in vivo by the passive transfer 

of antibody to infected monkeys which enhances replication of virus in circulating 

monocytes (5).  Moreover, anti-dengue antibodies may bind to dengue antigens and 

form immune complexes which activate the complement system or deposit in blood 

vessels causing DHF. 

 

3.11.2 Cell-mediated immune response 

Infections by intracellular pathogens such as viruses, some bacteria and many 

parasites, are cleared in most cases after activation of specific T cellular immune 

responses that recognize foreign antigens and eliminate infected cells.  Cellular 
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immunity has been demonstrated to be of key importance for protection against 

lymphocytic chloriomeningitis virus and influenza virus (124).  Little is known about 

cellular immune responses during dengue virus infection and the generation of a 

cellular response after a primary dengue virus infection was reported by Kurane et al. 

in 1989 (102).  Most of the available information on dengue virus-specific T cell 

responses derived from immunization studies with dengue candidate vaccines in mice 

and human that induced dengue virus-specific or serotype cross-reactive CD4+ and 

CD8+ T cell responses (87, 88).  Moreover, memory T cells have also been detected in 

patients after recovering from natural dengue virus infection (12, 16, 17).  The 

function of dengue virus-specific T cells may include the secretion of cytokines such 

as IL-2, IFN-γ, and TNFα, and the direct lysis of dengue virus infected cells as 

demonstrated in previous studies that both of HLA-restricted CD4+ and CD8+ cells 

have ability to lyse dengue virus infected autologous target cells. 

Moreover, systemic T-cell activation, as demonstrated by the release of IL-2, 

IFN-γ and TNF-α (6, 9), soluble sIL2R receptors, sCD4, sCD8, and sTNFR (6), as 

well as an increase in CD69 expression , is more evident in patients with DHF than in 

those with DF (9).  Therefore, it is expected that T lymphocytes are highly activated in 

vivo and the levels of T cell activation are higher in patients with DHF indicating that 

T lymphocytes may play an important role in the pathogenesis of DHF. 
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CHAPTER 4 

MATERIALS AND METHODS 

 

 
4.1 Samples 

Blood samples were taken after patient consent and approval from the ethical 

committee of Khonkaen hospital, Thailand and normal healthy subjects from 

Bangkok.  Acute dengue infection was identified by RT-PCR based dengue gene 

identification or dengue-specific IgM capture ELISA and hemagglutination inhibition 

test against all four dengue serotypes.  Secondary dengue infection (an acute infection 

in a patient who had previously encountered dengue on one or more occasions) was 

defined as a dengue-specific IgM/IgG ratio< 1.8, by IgM and IgG capture ELISA, or a 

≥4-fold rise in hemagglutination inhibition antibody titer against any dengue serotype 

in paired acute and convalescent sera.  These serological and virological tests were 

performed at Medical Molecular Biology Unit, Siriraj hospital.  Disease severity was 

classified according to World Health Organization criteria.  Day of defervescence was 

defined as day 0, the day before defervescence as day-1, the day after defervescence as 

day +1, and so forth. 

 

4.2 Preparation of human peripheral blood mononuclear cells (PBMC) from 

peripheral blood 

Peripheral blood from donors was collected into tubes containing anticoagulant, 

sodium heparin (5,000 iu/ml, CP Pharmaceuticals Limited Wrexham UK).  The blood 

was diluted by addition of an equal volume of sterile serum-free RPMI1640 (Gibco 

laboratories, Grand Island, New York) and carefully layered over Lymphoprep 

(Nycomed Pharma, Norway).  PBMC were then isolated by density gradient 

centrifugation at 840 g for 30 minutes at room temperature (approximately 20°C) in a 

swing-out rotor with no brake.  Mononuclear cells at the interface layer were collected 
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and washed for three times with serum-free RPMI1640.  Isolated PBMC can then be 

used immediately or frozen down. 

 

4.3 Freezing PBMC 

Freshly isolated PBMC were counted and resuspended in freezing medium, 10% 

DMSO (Sigma, St. Louis, MO) and 90% foetal calf serum, FCS (PAA, Austria) at 

3x106 cells/ml/vial.  PBMC were frozen at –80°C using a Cryo 1°C freezing container 

(Nalgene, USA) for at least 6 hours and then transferred to liquid nitrogen tank for 

long-term storage.  

 

4.4 IFNγ Enzyme Link Immunospot (ELISpot) assay 

96-well polyvinylidene difluoride (PVDF) backed plates (Millipore, USA) were 

coated with 50µl of IFNγ specific monoclonal antibody, 1-D1K (Mabtech, Sweden) at 

15µg/ml and incubated overnight at 4°C.  The wells were then washed six times with 

200µl of RPMI1640 to remove non-bound coating antibody and blocked with 200µl of 

R10 (RPMI1640 containing 10% FCS, 2mM L-glutamine, 50U/ml penicillin, and 

50µg/ml streptomycin) for 1 hour at room temperature.  Either 2-3×105 cells of freshly 

isolated PBMC or cryo-preserved PBMC samples were added together with stimulator 

peptides into each well in a final volume of 100ul.  The plate was incubated overnight 

in a humidified 5% CO2, 37°C.  In this setting, cells will settle at the bottom of the 

well as a monolayer, allowing for analysis of the secreting function of individual cells. 

After overnight incubation, cells were discarded and the wells were washed six times 

with 200µl PBS containing 0.05% Tween20 (Sigma).  Thereafter, 50µl of biotinylated 

IFNγ specific monoclonal antibody, 7-B6-1 (Mabtech, Sweden) was added to each 

well at a final concentration of 1ug/ml and incubated for 3 hours at room temperature.  

The wells were washed six times with 200µl PBS containing 0.05% Tween20 before 

incubating with 50µl of streptavidin-alkaline phosphatase (Mabtech, Sweden) at 

1:1000 dilutions in PBS for 1 hour at room temperature.  After washing six times with 

200µl PBS containing 0.05% Tween20, 100µl of alkaline phosphatase conjugate 

substrate kit, 5-bromo-4-chrloro-3-indolyl phosphate and nitroblue tetrazolium (Bio-

Rad, USA) was added and incubated at room temperature until dark spots emerge.  
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The colour development reaction was stop by washing the plate in running tap water.  

Plate was dried and the spots were counted using an AID-Elispot reader (Autoimmun 

Diagnostika GmbH, Germany).  The number of specific T cell responders was 

calculated after subtracting negative control wells that did not contain any peptide. 

Peptides in the ELISpot assay are either peptide pools containing 10-12 peptides 

at a final concentration of 5µM for each peptide, or individual peptide at a final 

concentration of 10µM.  For each assay, Phytohaemagglutinin, PHA (Murex, UK, 

reagent grade) was used as positive control and PBMC incubating with R10 was used 

as negative control to rule out non-specific stimulation.  

 

4.5 CD4+ and CD8+ T cell depletions 

CD4+ or CD8+ T cells were depleted from PBMC by anti-CD4 or anti-CD8 

monoclonal antibody-conjugated ferrous beads, Dynabeads M-450 CD4 or Dynabeads 

M-450 CD8 (Dynal, Norway) as the manufacturer instruction.  Briefly, PBMC were 

washed twice in R10 and divided into 2 groups for CD4 and CD8 depletion assays. 

Dynabeads were washed twice in R10 to remove azide preservative and added into the 

sample using 20-40:1 beads to estimated target cells ratio.  For negative selection, 

CD4+ T cells were assumed about 2/3 of PBMC and CD8+ T cells were assumed about 

1/3 of PBMC.  The mixture was incubated on ice for 30 minutes.  After that, 5ml of 

R10 was added into the cell suspension.  The beads contain cells to be depleted were 

separated by the magnet.  Supernatant containing negative selected cells was kept.  

Another 5ml of R10 were added to the dynabeads and the separation was repeated.  

Thereafter, negative selected cells were washed once and used for further assay. 

 

4.6 Peptide synthesis and preparation 

The peptides used in this study were synthesised in house on an automated 

peptide synthesiser (396 MPS, Advanced ChemTech, USA) and the purity of peptides 

was characterized by reverse phase HPLC (Gilson, USA).  Peptide stock solutions 

were prepared by dissolving peptide powder in 100% DMSO at 10mM and then 

diluted to 2.5mM in serum-free RPMI1640.  Thereafter, the stock solutions were 
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stored at -80°C in small aliquots.  The peptide pools were generated from stock and 

DMSO concentration in all assays was kept below 0.1% (vol/vol). 

The use of peptide pools, however, has inherent limitations.  First, peptides 

compete for MHC binding, and as a result the use of pools of the peptides introduces 

the possibility of displacing the nominal peptide by a competing peptide.  Second, 

peptide toxicity increases with the number of peptides used (resulting from solvent and 

peptide synthesis by-products), potentially inhibiting the assay result. 

 

4.7 Propagation of recombinant vaccinia virus (rVV) expressing dengue 

proteins.  

All recombinant vaccinia viruses expressing a range of dengue proteins are 

generous gifts from Kurane I. Recombinant vaccinia virus was propagated in human 

osteosarcoma cell line, TK143 which deficient in thymidine kinase, as previously 

described.  Briefly, monolayer of TK143 cell lines was infected with vaccinia virus at 

1 MOI, in DMEM-2 (DMEM with 2% FCS, 100U/ml penicillin, 100µg/ml 

streptomycin, and 4mM L-Glutamine) for 2-3 days until maximum cytopathic effect 

was observed.  Infected cells were harvested and freeze-thaw for three cycles to 

release the virus inside the cells.  Virus stock was aliquot and stored at -80°C until 

used. 

 

4.8 Generation and maintenance of human EBV-transformed B cell lines (BCL) 

Human EBV-transformed B cell line (BCL) was generated by incubating 5×105 - 

1×106 freshly isolated or frozen PBMC with 100µl of supernatant from EBV 

producing marmoset B cell line, B95-8 overnight at 37°C in 96-well round-bottomed 

microtitre plate (Nunc).  On the next day, 100µl of R15 (RPMI containing 15% FCS, 

2mM L-glutamine, 50U/ml penicillin, and 50µg/ml streptomycin) and cyclosporin A 

(Sigma, USA) at a final concentration of 1ug/ml was added.  The medium was 

replaced by R15 containing Cyclosporin A at 1µg/ml every 2 days until the BCL were 

established.  It usually took about 2-4 weeks for transformed BCL to start growing 

presented as large clumps.  The cells were then transferred into 24-well plate (Nunc) 

and thereafter into tissue culture flask (Nunc) and maintained in R10 (RPMI 
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containing 10% FCS, 2mM L-glutamine, 50U/ml penicillin, and 50µg/ml 

streptomycin).  The BCL was screened for mycoplasma infection and mycoplasma-

free cells were frozen down. 

 

4.9 Generation and maintenance of human CTL line 

About 2-4×106 PBMC were washed and incubated with 100ul of 100uM of 

sterile peptide solution at 37°C, 5% CO2 for 1-2 hours.  R10HS (RPMI1640 

containing 10% Human serum, 2mM L-glutamine, 50U/ml penicillin, and 50µg/ml 

streptomycin) containing 25ng/ml of IL-7 (Peprotech, UK) was added to dilute the 

cells to 1-2×106 cells/ml and plated out into 48-well plates (Nunc) at 2-4 million cells 

per well.  Recombinant human IL-2 was added at a final concentration of 50U/ml on 

day 3.  CTL activity can be tested after 1-2 weeks post set up.  CTL line that gave the 

peptide-specific CTL activity was maintained by weekly restimulation with 

autologous BCL pulsed with specific peptide.  Briefly, autologous BCL was pulsed 

with 100µM of known peptide in a total volume of 100ul for 1-2 hours at 37°C.  The 

cells were washed, irradiated at 3,000rads, and then added into culture at effector-to-

target ratio (E: T) of 1:1 in R10HS containing 50U/ml IL-2 and plated out into 24-well 

plate at 1-2 ml/well.  Medium was replaced with R10HS containing IL-2 when the 

colour turned to yellow. 

 

4.10 51Cr-release assay 

For measuring CTL activity by 51Cr-release assay, autologous BCL was used as 

target cells.  Additionally, for HLA restriction analysis, a panel of allogeneic BCL 

with various types of the individual HLA-A, -B, and –C alleles in common with 

autologous cells or .221 stable cell lines expressing single matched HLA alleles were 

used as target cells.  Five million target cells were spun and labelled with 100µCi 

[51Cr] Na51CrO4 (Amersham Biosciences, USA) at 37°C for 1 hour.  Target cells were 

washed 3 times with serum free RPMI1640 to remove the excess chromium. 

For peptide pulsing of target cells, chromium labelled cells were split into 2 sets 

as target cells pulsed with or without peptide.  Cells were incubated with 50µl of 

100µM of peptide solution at 37°C for 1 hour, and washed once with R10 prior to use.  
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For recombinant vaccinia virus (rVV) infected target cells, chromium labelled target 

cells were infected with rVV expressing a particular protein of interest at an 

approximate multiplicity of infection of 5-10 plaque-forming unit (p.f.u.) of virus/cell 

at 37°C for 1 hour.  Infected cells were washed once and resuspended in R10.  Cells 

were used after a further 2-3 hours in culture at 37°C. 

Prepared target cells were plated out into 96-well round-bottomed microtitre 

plate (Nunc) at 5 × 103 cells/well in a volume of 50µl.  Effector cells, CTL lines, were 

added in duplicate at various effector-to-target ratios, E: T of 1:1 to 50:1.  Background 

control (spontaneous lysis; target cell incubating with 100µl R10) and maximum 

control (maximum lysis; target cells incubating with 100µl of 5% triton-X100) were 

plated out for each target cell in quadruplicate.  The plates were incubated at 37°C for 

4 hours in 5% CO2.  After that, 35µl of the supernatant from each well was mixed with 

100µl of scintillation fluid (Wallac, UK) in the 96-well sample plate for Beta counter 

(Wallac, UK).  The amount of released chromium was measured by Microbeta Jet 

machine (liquid scintillation and luminescence counter, Wallac, UK).  Specific 51Cr-

release was calculated using the formula: 

% Specific chromium release    =   (experimental release-spontaneous release) ×100% 

              (maximum release-spontaneous release) 

For all experiments, the % spontaneous chromium release should be less than 25-30% 

as calculated using the formula: 

% Spontaneous chromium release = spontaneous release × 100% 

        maximum release 

 

4.11 Preparation of peptide/HLA-A*11 tetrameric complexes (tetramer)  

4.11.1 RNA extraction and purification 

Ten million cells of BCL expressing HLA-A*11 were harvested by 

centrifugation at 284 g for 5 min at room temperature. The medium was then removed 

and the cell pellet was washed with PBS.  One ml of RNAZOL (25ml acid phenol, 

25ml Guanidine thiocyanate, 2.5ml of 2M NaAc pH4.0, 180µl β-Mercaptoethanol) 
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was added and the solution was mixed thoroughly by inverting the tube.  Then, 200µl 

of chloroform was added to the cell lysate and vigorously mixed by vortex for 10 sec 

before incubating on ice for 15 min.  Thereafter, cell lysate was spun at 13,000rpm 

(Biofuge, Fresco, Heraeus, USA) for 15 min at 4°C. The upper aqueous phase 

containing the extracted RNA was then transferred to a new tube, and an equal volume 

of 100% isopropanol was added to precipitate the extracted RNA.  Solution was 

thoroughly mixed by vortex and left for 1 hour at -80°C.  Precipitated RNA was 

collected by centrifugation at 13,000rpm (Biofuge, Fresco, Heraeus, USA) for 30 min 

at 4°C and washed twice with 75% Ethanol.  The remaining ethanol was allowed to 

evaporate by leave the tube open for a few minutes at room temperature.  Finally, the 

RNA pellet was dissolved in 50-100µl of DEPC treated H2O.  The RNA solution was 

stored at -80°C.  The RNA concentration was measured by a spectrophotometer at the 

optical density 260 and calculated by the following formula: 

OD260 = 40ug/ml RNA 

 

4.11.2 cDNA synthesis by RT-PCR 

cDNA was synthesized from the extracted RNA by reverse transcriptase 

polymerase chain reaction (RT-PCR) method.  Briefly, 5-10µg of RNA was mixed 

with 0.5µg of oligo(dT) primer and incubating at 70°C for 5 min followed by on ice 

for at least 1 min.  The mixture containing 11U of Rnasin® Ribonuclease inhibitor 

(Promega Corporation, USA), 20mM of dNTP (Promega Corporation, USA), 15U of 

AMV reverse transcriptase (Calbiotech Inc, USA), 2µl of AMV buffer, and 3µl of 

DEPC water was added to the pre-incubated RNA and oligo (dT) mixture to a final 

volume of 10ul and incubated further at 42°C for 45 min.  The reaction was terminated 

by incubation at 70°C for 15 min.  Finally, the synthesized cDNA was stored at -80°C 

for future experiments.  

 

4.11.3 Cloning of modified HLA-A11* heavy chain 

The heavy chain is modified by removal of the leader sequence, transmembrane 

region, and cytosolic tail.  The 3’ primer used for the A*1101 construct was as 
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follows: 5’-TCT CAG GAT CCC TAC TCC CAT CTC AGG GTG AGG GGC-3’ and 

the 5’ primer, which the GC usage of the first few codons was modified to improve the 

expression efficiency was as follow: 5’-TAT TTC CCA TGG GCT CCC ACT CCA 

TGA GGT ATT TC-3’.  The vector used for the A*1101 expression was a modified 

pET vector (Invitrogen, USA), containing BirA biotinylation signal sequence 

[GSLHHILDAQKMVWNHR] at the C-terminus (position 276).   This vector was 

transformed into the BL21pLysS E.coli strain (Novagen, USA) that utilises the IPTG-

inducible T7 polymerase system, which has relatively tight control in the absence of 

IPTG. 

 

4.11.4 Protein expression and inclusion body purification 

Both of modified HLA heavy chain and β2microglobulin (β2M) were expressed 

in E.coli strain BL21pLysS in the presence of isopropylthio-β-D-galactosidase (IPTG) 

(Melford, USA).  Firstly, expression vector was transformed into BL21pLysS by 

adding 1-2µl of plasmid to 20µl of competent BL21pLysS bacterial stock.  The 

mixture was incubated on ice for 30 min, heat shocked at 42°C for 90 sec, and 

returned to ice for 5 min.  200µl of LB medium was added and the transformed cells 

were incubated at 37°C for further 30 min before streaking on an LB agar plate 

containing 0.1mg/ml of ampicillin.  Plate was incubated overnight at 37°C.  A single 

bacterial colony was selected and inoculated into 10ml of low salt LB medium (10g 

bactotryptone, 5g yeast extract and 5g NaCl) containing 0.1mg/ml of ampicillin and 

incubated at 37°C for 6-9 hours on a horizontal shaker (GIO Gyrotory shaker, USA) at 

250 rpm.  Frozen bacteria in glyceral stock was directly inoculated into 10ml of low 

salt LB medium and incubated at 37°C for 6-8 hours with shaking.  This 10ml culture 

was then added into 300ml of low salt LB medium containing 0.1mg/ml of ampicillin 

and incubated overnight at 37°C without shaking.  On the next day, 15ml of overnight 

culture was added into 1 litre of low salt LB medium containing 0.1mg/ml of 

ampicillin.  The culture was left at 37°C with shaking (250 rpm) until the optical 

density at 600nm (OD600) reached to 0.4-0.6 OD.  At this point, 1ml of pre-induction 

sample was kept and the remaining culture was induced for protein expression by 

adding IPTG to the final concentration of 1mM and left for 4-5 hour at 37°C.  After 
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that, 1ml of post-induction sample was collected.  E.coli cells were harvested by 

centrifugation at 4,000 rpm (Beckman Avanti J-20 with JLA 8.1000 rotor) for 30 min 

at 4°C.  Cell pellet was wash once with cold sterile phosphate buffer saline (PBS) and 

kept at -80°C until sonication was performed. 

Cell pellet was thawed on ice and lysed by sonication using a Sonicator 

Ultrasonic Processor machine (Misonix, USA) to release the protein inclusion bodies.  

Cells were sonicated in a glass beaker on ice, in bursts of 30-60 sec for total 5 min.  

After sonication, the inclusion bodies were spun down in 35ml polycarbonate 

centrifuge tubes in a pre-cooled ultracentrifuge (Beckman J2-21, Rotor JA-20, USA) 

at 15,000 rpm for 10 min.  The inclusion bodies were then washed three times in the 

cold triton wash buffer (0.5% Triton X-100, 50mM Tris pH 8.0, 100mM NaCl, 0.1% 

sodium azide, and 2mM DTT) followed by a final wash with the cold resuspension 

buffer (50mM Tris, pH 8.0, 100mM NaCl, 0.1% sodium azide, and 2mM DTT).  Each 

wash was undertaken by homogenisation the inclusion bodies in the buffer and 

spinning at 15,000 rpm for 10 min at 4°C.  After the final wash, purified inclusion 

bodies were solubilised in urea buffer (8M urea, 0.1M NaH2PO4, 0.01M Tris pH 8.0, 

0.1M EDTA, and 0.1mM DTT) and left overnight at 4°C on rotator.  On the following 

day, the insoluble particles were removed by centrifugation at 15,000 rpm for 10 min 

before measuring the protein concentration.  Protein concentration was measured by 

Bio-Rad protein assay (Bio-Rad Laboratories, USA).  The heavy chain protein was 

aliquoted and kept at –80°C for the future use.  The protein expression was checked by 

acrylamide gel electrophoresis (12% SDS PAGE) with pre-induction, post-induction, 

and purified inclusion body. 

  

4.11.5 Refolding class I MHC-peptide complex 

500ml of refolding buffer containing 100mM Tris pH8.0, 400mM L-Arginine, 

2mM EDTA, 5mM reduced glutathione, 0.5mM oxidised glutathione, and 100µM 

PMSF protease inhibitor was freshly prepared and pre-cooled at 4°C.  The components 

were injected into the cold refolding buffer while stirring at 4°C in the following 

order: peptide, β2M and heavy chain.  10mg of peptide was firstly dissolved in 200µl 

of DMSO and added directly to the refolding buffer followed by 25mg β2M and 30mg 
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heavy chain which were used immediately after thawing and were refrozen quickly in 

order to avoid the oxidation of cysteine residues.  Each component was injected into 

the refolding buffer using a 10ml syringe connected to a 25G5/8 needle.  Addition of 

the heavy chain was divided into two shots.  The length between two shots was over 

24 hours to give a higher yield of refolded complex.  The mixture was left 

continuously stirring at 4°C for 48 hours. 

 

4.11.6 Enzymatic biotinylation and Purification of biotinylated class I 

MHC-peptide complex 

The refolded solution was centrifuged at 3,000rpm (Beckman Avanti J-20 with 

JLA 8.1000 rotor) for 20 min, 4°C to remove any precipitins.  The supernatant was 

concentrated down to 5ml using an Amicon stirred-cell (Amicon, Millipore, USA) 

with a 10 kDa membrane cut-off membrane (Amicon, Millipore, USA).  The protein 

in refolding buffer was then buffer-exchanged to Bir-A reaction buffer (20mM Tris pH 

7.5, 25mM NaCl, and 7.5mM MgCl2), which was suitable for enzymatic biotinylation 

by disposable desalting PD-10 column (Pharmacia, USA) according to the 

manufacturer instruction.  Briefly, the column was equilibrated with 25ml of Bir-A 

reaction buffer.   After that, 2.5ml of filtered concentrated refolded product was loaded 

onto the column and was eluted with 3.5ml of Bir-A reaction buffer.  Protease 

inhibitors, pepstatin-A (Sigma) and leupeptin (Sigma), were added at a final 

concentration of 1µg/ml.  Biotinylation was performed by adding 850µl of Biomix-A 

(Avidity, Denver, Colorado), 850µl of Biomix-B (Avidity), 100µl of d-biotin and 

25,000U of Bir-A enzyme (Avidity).  The reaction was left overnight at room 

temperature and transferred to 4°C on the next day until purification was performed. 

Purification of folded, biotinylated protein complex was performed by FPLC 

size-exclusion gel filtration on a Sephadex75 column (Pharmacia) using 20mM Tris 

pH 8.0 and 100mM NaCl buffer.  The fraction of folded protein complex was 

collected and kept at 4°C in the presence of protease inhibitor, pepstatin-A and 

leupeptin at the final concentration 1 ug/ml. 
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4.11.7 Assay for biotin incorporation 

There are two simple methods to verify the biotinylation of MHC-peptide 

complex, dot blot and ELISA.  The dot blot assay is suitable for a quick biotinylation 

screening.  However, it gives only the information on biotinylation of MHC-peptide 

complex, not on the conformational structure of the protein.  Briefly, biotinylated 

protein complex was directly dotted onto Hybond C™ nitrocellulose membrane 

(Amersham Biosciences, USA).  The membrane was dried and then blocked with 5% 

BSA in PBS for 30 min on a shaker and washed three times in 0.05% Tween20/PBS.  

ExtrAvidin®-horseradish peroxidase (Sigma) diluted in 0.05% Tween20/PBS at 

1:2000 dilutions was added for 30 min and then washed as before.  Biotinylation of 

protein complex was detected using an ECL kit containing chemiluminescent reagents 

(Amersham, UK).  The membrane was incubated with ECL reagent mixture for 1 min.  

The excess reagent was blot off and the membrane was wrapped in plastic film before 

exposing to an X-ray film (Kodak, BioMax MR, USA) for a few seconds.  The film 

was developed, and the intensity of spot could be visualised by eyes. 

Direct measurement of protein concentration of the refolded protein complex 

may be overestimated since this will include the uncorrected refolded protein which 

might be presented in the protein solution.  By using ELISA assay, which using 

W6/32, antibody that recognize only the correct conformation of MHC class I-β2M 

complex and extravidin conjugated HRP that recognize biotin, both biotinylation and 

conformation of the refolded MHC-β2M complex information can be obtained.  

Furthermore, ELISA assay can be quantitative by comparing the amount of the 

refolded proteins with the standard protein.  Briefly, ELISA plate (Nunc,) was coated 

with 100ul of W6/32, at 5ug/ml in coating buffer (0.05M carbonate buffer, pH 9.6, 

0.1% sodium azide) for overnight at 4°C.  The plate was washed six times with 200µl 

of washing buffer (0.1% Tween20/PBS) and blocked with 200µl of blocking buffer 

(3% BSA, 0.1% sodium azide in PBS) for 1 hour on a shaker at room temperature.  

The plate was washed six times with washing buffer and incubated with dilutions of 

MHC-peptide monomer complex diluted in blocking buffer, for 1 hour at room 

temperature on a shaker.  The background control, which was blocking buffer without 

protein and known positive protein control were included in each assay.  The plate was 
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washed six times with washing buffer before adding 50µl of ExtrAvidin®-horseradish 

peroxidase (Sigma) at 1:2000 dilutions in blocking buffer without sodium azide.  After 

incubating at room temperature for 30 min on a shaker, the plate was washed again six 

times and developed with 100µl of colourimetric reagent TMB (Sigma).  The colour 

development reaction was stop by adding 50µl of 2.5M H2SO4 and the optical density 

was read at the wavelength 450 nm with an ELISA plate reader (BioRad Model 680, 

USA).  The optical density gave a measurement of the relative biotinylation of the 

refolded protein.  The percentage of the correctly refolded proteins in the solution was 

estimated by comparing with the known positive protein control. 

 

4.11.8 Formation of tetramer 

The concentration of biotinylated MHC-peptide complex was measured using 

Bio-Rad protein assay (Bio-Rad Laboratories).  The mass of total fluorochrome 

conjugated streptavidin or extravidin required to saturate all biotin binding sites at a 

1:4 molar ratio (streptavidin: refolded complex) was calculated based on a molecular 

mass of strepavidin of 60 kDa or extravidin of 67 kDa.  The total volume of 

streptavidin or extravidin solution was calculated and divided by 10.  The 1/10 

aliquots of streptavidin or extravidin was added at hourly interval and rotated at 4°C in 

glass storage vials.  The tetrameric complexes were stored at 4°C in the dark.  

Extravidin®-R-Phycoerythrin conjugate (Sigma) and Streptavidin Quantum-Red 

(Sigma) were used in most experiments since it gave the brightest signals. 

 

4.12 flow cytometry 

4.12.1 Tetramer staining and multicolour cell surface staining with direct-

conjugated monoclonal antibodies 

PBMC were washed and resuspended in a small volume of FACSwash (0.1% 

sodium azide, 1%FBS in PBS) and divided into sample tubes containing 2 × 105-1 × 

106 cells depended on the frequency of tetramer positive cells.  The cells were stained 

with PE-labelled tetramer at 37°C for 20 min in the dark and then washed once with 

FACSwash.  Thereafter, they were stained for any surface markers at 4°C for 20 min 

in the dark by addition of a panel of antibodies conjugated with FITC, TC, PerCP or 
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APC.  About 0.5µg of each mAb or tetramer was used for each staining.   Finally, the 

cells were washed again with FACSwash and fixed in FACSfix (1% formalin/PBS) 

and stored in the dark at 4°C until flow cytometry analysis was performed. 

 

4.12.2 Tetramer staining and cell surface staining with unconjugated 

monoclonal antibodies 

PBMC were prepared and stained with tetramer as before.  Tetramer-stained 

cells were then stained with the primary unconjugated (mouse) mAb at 4°C for 20 min 

in the dark followed by secondary fluorochrome-conjugated goat anti-mouse Ig.  The 

samples were washed again to remove excess secondary antibody and then incubated 

with 1% mouse serum (Sigma) at 4°C for 20 min in the dark to block the binding of 

excess secondary antibody.  Thereafter, the samples were stained with any direct 

conjugated mAbs at 4°C for 20 min in the dark and then washed and fixed as before. 

 

4.12.3 Intracellular staining with perforin, Bcl-2 or Ki-67 marker 

Tetramer-stained cells were fixed and permeabilized in FACSTM 

permeabilization buffer (BD Pharmingen) for 15 min at room temperature in the dark 

followed by additional of surface and intracellular marker at 4°C for 20 min in the 

dark.  Stained cells were then washed once and fixed as before. 

 

4.12.4 FACS data acquisition and analysis 

Data acquisition was performed on a FACSCalibur, Becton Dickinson and 

analysis was done using Cellquest software (Becton Dickinson).  Lymphocyte 

population was gated by forward and side scatter in all cases. 
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4.13 ntibodies and source 

Antibodies specific for human leukocyte cell surface differentiation markers 

 

FITC conjugated; anti- 

CD8 (DK25)     DAKO 

CD25 (ACT-1)    DAKO 

CD27 (M-T271)    BD Pharmingen 

CD45RA (HI100)    BD Pharmingen 

CD62-L (DREG-56)    Caltag laboratories 

HLA-DR, DP, DQ (Tu39)   BD Pharmingen 

Ki-67 (B56)     BD Pharmingen 

PE conjugated; anti- 

CD19 (HD37)     DAKO 

Tricolor conjugated; anti- 

CD8 (3B5)     Caltag laboratories 

APC conjugated; anti- 

CD8 (RPA-T8)    BD Pharmingen 

CD28 (CD28.2)    BD Pharmingen 

CD38 (HIT2)     BD Pharmingen 

CD45RO (UCHL1)    BD Pharmingen 

PerCP conjugated; anti- 

CD8 (SK1)     Becton Dickinson 

CD69 (L78)     Becton Dickinson 
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Unconjugated; anti- 

CCR7 (2H4)     BD Pharmingen 

 

Antibodies against death receptor and death ligand 

FITC conjugated anti-CD95 (DX2)  BD Pharmingen 

Anti-FasL (NOK-1)    BD Pharmingen 

Anti-DR4     in house 

Anti-DR5     in house 

Anti-TRAIL     in house 

Anti-TNFR1     in house 

 

Other monoclonal antibodies: 

Secondary antibodies 

APC conjugated goat anti-mouse Ig  BD Pharmingen 

FITC conjugated goat anti-mouse Ig  DAKO 

Antibody against MHC molecule 

W6/32 (conformational classI HLA specific)  in house 

 

4.14 TUNEL assay 

PBMC were transferred to 96-well round-bottomed microtitre plate (Nunc) and 

washed once with 1% BSA in PBS.  The cells were then fixed with 100µl of 4% 

paraformaldehyde in PBS, pH 7.4 at room temperature for 1 hour.  The fixed cells 

were spun down at 300 g for 5 min to remove the fixative reagent and washed again 

with 1% BSA in PBS.  The cells were resuspended in 100µl of permeabilization 

solution (0.1% Triton X-100 in 0.1% sodium citrate) for 2 min on ice.  After that, the 

cells were washed twice and incubating with 50µl of TUNEL reaction mixture (Roche 
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Molecular Biochemicals, Germany) for 1 hour at 37°C in the dark.  The cells were 

washed twice and transferred to FACS tube for flow cytometry analysis. 

 

4.15 Tetramer dissociation assays 

The assay was performed as previously described (125, 126).  Dengue-specific 

CTL lines were stained for 30 min at 4°C with saturating concentrations of PE-

labelled tetramer.  CTL lines were then washed three times and an aliquot of cells was 

used for FACS analysis.  The remaining CTL lines were incubated with a 100-fold 

excess of unlabelled tetramer at 4°C to block the binding/rebinding of PE-labelled 

tetramer.  Further aliquots of cells were removed and analyzed by FACS at appropriate 

time points.  The total fluorescence within the PE-positive gate was plotted against 

time to give the dissociation curve.  The total fluorescence is the sum of the 

fluorescence intensity of tetramer positive cells normalized per lymphocyte.  This was 

then normalized to the percentage of the total fluorescence at the initial time point and 

plotted on a logarithmic scale. 

 

4.16 Scatchard analysis 

The assay to estimate the apparent Kd values for the interaction between tetramer to 

peptide specific CTL lines was performed as previously described (125, 126).  

Dengue-specific CTL lines were stained for 3 hours at ambient temperature (22°C) 

with a range of sub-saturating concentrations of PE-labelled tetramer.  CTL lines were 

then washed three times and analyzed by FACS. Graphs of tetramer concentration 

(µM) plotted against bound tetramer (total fluorescence) were plotted.  In addition, 

Scatchard plots of bound tetramer (total fluorescence) versus bound tetramer/free 

tetramer (fluorescence units/µM) were also done.  Apparent Kd values were derived 

from the negative reciprocal of the slope of the line fit to Scatchard plots of bound 

tetramer versus bound tetramer/free tetramer 
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CHAPTER 5 

RESULTS 

 

 
5.1 Identification of dengue virus-specific cytotoxic T-lymphocyte epitopes by 

IFN-γ ELISpot assay 

Measurement of peptide-specific induction of IFN-γ by CD4+ and CD8+ T cells 

is a rapid and efficient way to identify T cell epitopes.  The enzyme linked 

immunospot (ELISpot) technique is one of the immune monitoring assays used for 

enumeration of cytokine secreting cells to reveal both clonal size and effector function 

of low-frequency antigen-specific T cell populations directly ex vivo.  IFN-γ ELISpot 

assays have recently found widespread use in the context of immune diagnostic 

monitoring in humans because of the high sensitivity of the assay.  Typically, an 

ELISpot assay is performed with a freshly obtained sample but cryopreserved PBMC 

samples can be used without significant loss of activity.  In this study, direct ex vivo 

IFN-γ ELISpot assays were performed to identify dengue virus-specific T-cell 

epitopes with cryopreserved PBMC. 

Due to the relatively small volume blood samples available from acutely dengue 

infected children, dengue virus-specific cytotoxic T-lymphocyte epitopes were 

initially identified in normal healthy Thai adults as the majority have been infected 

with dengue virus on one or more occasions.  For this purpose, PBMC taken from 20 

normal healthy Thai individuals were screened with a panel of 210 overlapping 

peptides, 15 amino acids in length spanning envelope (E), and NS3 proteins of dengue 

virus serotype 2, strain 16681 since previous studies have suggested that the E and 

NS3 proteins are frequent targets of immune responses in flavivirus infections 

including dengue (14, 127) (Fig. 5.1).  Peptides in each case overlapped by 10 amino 

acids. The complete set of 210 overlapping peptides was organized in pools of 10 or 

12 peptides each (“mapping pools”).  Thus, it gives a possibility to identify candidate 

peptides by testing not more than 42 peptide pools (Appendix A).  And peptide pools 
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were also set up in a tabular format therefore each peptide was introduced in 1 vertical 

pool and 1 horizontal pool.  As a result, an intersection of any horizontal and vertical 

pools that induced a T cell response indicated a candidate peptide.  The candidate 

peptides were then tested individually using PBMC from the same donor. 

As shown for donor 18, peptide pools C10 and D1 induced IFN-γ production.  

The shading in the table in Figure4.2 illustrates how the candidate peptide was chosen.  

The combination of the two positive pools, C10 and D1, clearly identified the 

candidate peptide NS3131-145, the only peptide contained in both pools (Fig. 5.2A-B).  

NS3131-145, 15-mer peptide FSPGTSGSPIIDKKG covering NS3 protein, residue 131 to 

145, was then individually tested for confirmation in the same donor (Fig. 5.2C).  

PBMC from donor 15 showed recognition of peptide in three different pools i.e. C10, 

C11, and D1 (Fig. 5.3A-C).  The candidate peptides for stimulating PBMC were, 

therefore, peptide FSPGTSGSPIIDKKG covering NS3 protein, residues 131 to 145 

(NS3 131-145) and peptide LIIMDEAHFTDPASI covering NS3 protein, residues 281 to 

295 (NS3 281-295).  Two candidate peptides were also tested individually using PBMC 

from donor15 in an ELISpot assay (Fig. 5.3D-E).  In each assay, cells were plated in 

the absence of peptide antigen forming the background against which antigen-induced 

responses were compared, and PHA stimulated PBMC were used as positive control 

(Fig 5.2D-E and 5.3F-G). 

In summary, two epitopes were identified from two donors.  These were 

contained within the 15-mer peptide LIIMDEAHFTDPASI and FSPGTSGSPIIDKKG 

of the dengue NS3 protein.  Optimal epitope and HLA restriction were then further 

characterised. 
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Figure 5.1.  A set of overlapping peptides corresponding to nonstructural 3 (NS3) 

of the dengue genome was synthesized and used in an ELISpot assay as a matrix. 

The numbers in the matrix array corresponding to the individual peptide.  Pools 

were constructed so that overlapping peptides (e.g., peptides 1 and 2) are not contained 

in the same pool.  By matching between two positive pools, the corresponding peptide 

can be obtained.  For example, the cells that responding to pools A2 and B3 as shown 

by spots in an ELISpot assay, were responded to peptide 8.  
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 D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 
C1 NS31-15 NS316-30 NS331-45 NS346-60 NS361-75 NS376-90 NS391-105 NS3106-120 NS3121-135 NS3136-150 

C2 NS3151-165 NS3166-180 NS3181-195 NS3196-210 NS3211-225 NS3226-240 NS3241-255 NS3256-270 NS3271-285 NS3286-300 

C3 NS3301-315 NS3316-330 NS3331-345 NS3346-360 NS3361-375 NS3376-390 NS3391-405 NS3406-420 NS3421-435 NS3436-450 

C4 NS3451-465 NS3466-480 NS3481-495 NS3496-510 NS3511-525 NS3526-540 NS3541-555 NS3556-570 NS3571-585 NS3586-602 

C5 NS3603-619 NS36-20 NS321-35 NS336-50 NS351-65 NS366-80 NS381-95 NS396-110 NS3111-125 NS3126-140 

C6 NS3141-155 NS3156-170 NS3171-185 NS3186-200 NS3201-215 NS3216-230 NS3231-245 NS3246-260 NS3261-275 NS3276-290 

C7 NS3291-305 NS3306-320 NS3321-335 NS3336-350 NS3351-365 NS3366-380 NS3381-395 NS3396-410 NS3411-425 NS3426-440 

C8 NS3441-455 NS3456-470 NS3471-485 NS3486-500 NS3501-515 NS3516-530 NS3531-545 NS3546-560 NS3561-575 NS3576-590 

C9 NS3591-605 NS3606-619 NS311-25 NS326-40 NS341-55 NS356-70 NS371-85 NS386-100 NS3101-115 NS3116-130 

C10 NS3131-145 NS3146-160 NS3161-175 NS3176-190 NS3191-205 NS3206-220 NS3221-235 NS3236-250 NS3251-265 NS3266-280 

C11 NS3281-295 NS3296-310 NS3311-325 NS3326-340 NS3341-355 NS3356-370 NS3371-385 NS3386-400 NS3401-415 NS3416-430 

C12 NS3431-445 NS3446-460 NS3461-475 NS3476-490 NS3491-505 NS3506-520 NS3521-535 NS3536-550 NS3551-565 NS3566-580 

 
 

 

 

 

 

 

 

 

 

 

Figure 5.2.  Composition of peptide pools and determination of candidate 
stimulating peptides (Donor 18).  

One hundred and twenty peptide 15-amino acid in length overlapping by 10 
used for stimulating T cells were derived from the sequence of dengue NS3 protein 
and organized in pools of 10 or 12 peptides per pool.  For epitope mapping, 22 peptide 
“mapping pools” were complied and represented by the columns (D1-D10) and rows 
(C1-C12) in the table (top).  The lightly shaded areas correspond to the mapping pools 
inducing the T cell response (IFN-γ induction).  Candidate peptide for confirmation 
was chosen from the intersections (dark shade) of overlapping positive pools.  PBMC 
from Donor15 was stimulated with peptide pools and individual candidate peptide. 
IFN-γ production was detected 16 hours after stimulation.  A-C; positive reponse to 
peptide pool C10, C11 and D1. D-E; positive response to individual candidate peptide, 
NS3 131-145, FSPGTSGSPIIDKK and NS3281-295, LIIMDEAHFTDPASI were 
confirmed.  F; negative control, unstimulated PBMC.  G; positive control, PHA 
stimulated PBMC. 
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 D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 

C1 NS31-15 NS316-30 NS331-45 NS346-60 NS361-75 NS376-90 NS391-105 NS3106-120 NS3121-135 NS3136-150 

C2 NS3151-165 NS3166-180 NS3181-195 NS3196-210 NS3211-225 NS3226-240 NS3241-255 NS3256-270 NS3271-285 NS3286-300 

C3 NS3301-315 NS3316-330 NS3331-345 NS3346-360 NS3361-375 NS3376-390 NS3391-405 NS3406-420 NS3421-435 NS3436-450 

C4 NS3451-465 NS3466-480 NS3481-495 NS3496-510 NS3511-525 NS3526-540 NS3541-555 NS3556-570 NS3571-585 NS3586-602 

C5 NS3603-619 NS36-20 NS321-35 NS336-50 NS351-65 NS366-80 NS381-95 NS396-110 NS3111-125 NS3126-140 

C6 NS3141-155 NS3156-170 NS3171-185 NS3186-200 NS3201-215 NS3216-230 NS3231-245 NS3246-260 NS3261-275 NS3276-290 

C7 NS3291-305 NS3306-320 NS3321-335 NS3336-350 NS3351-365 NS3366-380 NS3381-395 NS3396-410 NS3411-425 NS3426-440 

C8 NS3441-455 NS3456-470 NS3471-485 NS3486-500 NS3501-515 NS3516-530 NS3531-545 NS3546-560 NS3561-575 NS3576-590 

C9 NS3591-605 NS3606-619 NS311-25 NS326-40 NS341-55 NS356-70 NS371-85 NS386-100 NS3101-115 NS3116-130 

C10 NS3131-145 NS3146-160 NS3161-175 NS3176-190 NS3191-205 NS3206-220 NS3221-235 NS3236-250 NS3251-265 NS3266-280 

C11 NS3281-295 NS3296-310 NS3311-325 NS3326-340 NS3341-355 NS3356-370 NS3371-385 NS3386-400 NS3401-415 NS3416-430 

C12 NS3431-445 NS3446-460 NS3461-475 NS3476-490 NS3491-505 NS3506-520 NS3521-535 NS3536-550 NS3551-565 NS3566-580 

 

 

 

 

 

 

 

 

 

 

 
Figure 5.3.  Composition of peptide pools and determination of candidate 
stimulating peptides (Donor 15).  

One hundred and twenty 15-amino acid peptides with 10 overlaps used for 
stimulating T cells were derived from the sequence of dengue NS3 protein and 
organized in pools of 10 or 12 peptides per pool.  For epitope mapping, 22 peptide 
“mapping pools” were complied and represented by the columns (D1-D10) and rows 
(C1-C12) in the table (top). Individual squares represent single peptides.  The lightly 
shaded areas correspond to the mapping pools inducing T cell stimulation (IFN-γ 
induction).  Candidate peptide for confirmation was chosen from the intersections 
(dark shade) of overlapping positive pools. PBMC from Donor15 was stimulated with 
peptide pools and individual candidate peptide.  IFN-γ production was detected 16 
hours after stimulation.  A-C; positive reponse to peptide pool C10, C11 and D1.  D-E; 
positive response to individual candidate peptide, NS3 131-145, FSPGTSGSPIIDKK and 
NS3281-295, LIIMDEAHFTDPASI were confirmed.  F; negative control, unstimulated 
PBMC. G; positive control, PHA stimulated PBMC. 
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5.2 Identification of optimal epitope and definition of HLA restriction of 

peptide epitope LIIMDEAHFTDPASI, NS3281-295 

In order to determine whether the peptide-specific responses to 

LIIMDEAHFTDPASI were CD4+ or CD8+ dependent, the depletion of either CD4+ or 

CD8+ T cells prior to addition of cells to the ELISpot assay was performed by using 

anti-CD4 or anti-CD8 monoclonal antibody-conjugated ferro-magnetic beads.  

Depletion of CD4 cells prior to assaying for IFN-γ production did not diminished the 

magnitude of the response to the peptide.  Conversely, depletion of CD8+ T cells 

before stimulation with the peptide completely abrogated the response, indicating that 

the response to the 15-mer peptides LIIMDEAHFTDPASI was CD8+ T cell dependent 

(Fig. 5.4). 

Although the longer peptide can efficiently elicit a T cell response, it is clear that 

optimal peptide epitope can generate a maximal response at considerably lower doses 

than the longer peptides.  Therefore, the optimisation of CTL epitope 

LIIMDEAHFTDPASI was then precisely defined by ELISpot assay using serial 

truncated peptide of LIIMDEAHFTDPASI truncated at carboxyl- and amino-terminal 

of peptide sequence.  Using a set of truncated peptides, the responses were abolished 

when glutamic acid (E) at the N-terminal and isoleucine (I) at the C-terminal were 

truncated, indicating that optimal epitope of LIIMDEAHFTDPASI was 10-mer 

peptide EAHFTDPASI (Table 5.1).   

After fine mapping of the optimal CTL epitope, the HLA restriction of this 

response was subsequently determined on peptide specific CTL line using 51Cr release 

assay.  A panel of Epstein-Barr virus-transformed B cell lines matched for various 

HLA class I alleles were pulsed with or without peptide before co-incubation with 

EAH-specific T cell line (Fig 5.5).  The following B cell lines were used: autologous 

Donor18 (A11/24/, B38/13, Cw3/7), N21 (A2/2, B38/40, Cw7/7), N35 (A1/2/, 

B15/39, Cw7/8), OX9 (A2/33/, B13/13, Cw3/3), and .221 expressing HLA-A2402. 

Only EAH-pulsed BCL possessing HLA B38 were recognised by the EAH-specific T 

cells indicating that this epitope was HLA-B38 restricted. 
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Figure 5.4.  LIIMDEAHFTDPASI-specific T cell responses are CD8+ dependence. 

PBMC from Donor 15 were cultured with (  ) or without (  ) 15-mer 

LIIMDEAHFTDPASI peptide at a final concentration of 10 uM in 16 hours IFN-γ 

Elispot assay after depletion of CD4+ or CD8+ cells.  Input cell number was 

3x105cells/well pre-depletion.  Mean values from duplicate wells were shown as spot 

forming cells (SFC)/Million PBMC. 

 

 

 

 

 

 



Wanwisa Dejnirattisai Results / 52 

Peptide sequence 
SFC/million PBMC 

(Donor 15) 

               LIIMDEAHFTDPASI 448 

                 IIMDEAHFTDPASI 684 

                  IMDEAHFTDPASI 608 

                   MDEAHFTDPASI 648 

                      DEAHFTDPASI 660 

                         EAHFTDPASI 652 

                           AHFTDPASI 0 

             LIIMDEAHFTDPAS 8 

             LIIMDEAHFTDPA 8 

             LIIMDEAHFTDP 4 

             LIIMDEAHFTD 0 

             LIIMDEAHFT 0 

             LIIMDEAHF 0 
 

 

Table 5.1.  Optimal epitope of 15-mer peptide LIIMDEAHFTDPASI (NS3 281-295). 

PBMC from donor15 were incubated with a set of truncated 

LIIMDEAHFTDPASI peptides at a final concentration of 10uM in 16 hours IFN-γ 

Elispot assay.  Spots were counted and results were presented as SFC/million PBMC 
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Figure 5.5.  HLA-B*38 restriction of EAHFTDPASI epitope, NS3286-295. 

HLA-B*38 restriction of the EAHFTDPASI specific response was shown by a 4 

hour chromium release assay using the EAH-specific CTL line from donor 15 

(effector: target ratio = 10:1).  The target used was a panel of Epstein-Barr virus-

transformed B cell lines matched for various HLA class I alleles and autologous B cell 

lines pulsed with no peptide (   )or with peptide (   ) EAHFTDPASI (D2.1) at a 

concentration of 100 µM. 

Autologous   A11/24    B38/13 Cw3/7
N21               A02/02    B38/40  Cw7/7
N35               A010/2    B15/39  Cw7/8
OX9              A02/33    B13/13  Cw3/3
.221 A2402   A24 
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5.3 Identification of optimal epitope and definition of HLA restriction of 

peptide epitope FSPGTSGSPIIDKKG, NS3131-145 

Using the approach described above, one further optimal epitope was identified 

in the NS3 protein.  As before, the use of peptide truncations in the ELISpot assay 

allowed the optimisation of minimal epitope contained within the 15-mer 

FSPGTSGSPIIDKKG using PBMC from donor15 and 18.  The result showed no IFN-

γ production when Lysine (K) at position 13 of the C-terminal and Glutamine (G) at 

the N-terminal were removed.  The highest response was found to the 11-mer peptide 

GTSGSPIIDKK (11GTS), although there were also responses to the 10-mer peptide 

GTSGSPIIDK (10GTS) truncated by one amino acid at the C-terminus (Table. 5.2) 

Based on the knowledge of the peptide binding motif of HLA-A11 which has a 

positively charged primary anchor residue at the carboxy-terminus, frequently lysine 

(K) and as the two donors (donor 15 and 18) responding to GTSGSPIIDKK epitope 

shared HLA-A11, the most likely presenting HLA allele for the GTSGSPIIDKK was 

HLA-A11.  An FSP-specific CTL line was generated from one of the donors by 

stimulation with the FSP 15-mer peptide derived from dengue virus serotype 2, strain 

16681.  This CTL line was used to confirm the HLA restriction of the response to 

peptide GTS epitope by conventional 51Cr release assay.  The assay was performed 

using an autologous BCL, wild type .221 cells, and A1101 stable-expressing .221 cells 

as antigen presenting cells pulsed with no peptide or with peptide.  Wild type .221 

cells which are an HLA class I-deficient human EBV-transformed B lymphoblastoid 

line were transfected with HLA-A1101 gene to stably express this HLA allele.  We 

found that the FSP15 specific CTL line effectively lysed .221 A1101 cells pulsed with 

GTS11 peptide as well as autologous BCL pulsed with the peptide (Fig. 5.6).  The 

result indicated that the CTL response against NS3 epitope GTSGSPIIDKK was HLA-

A1101 restricted. 

Since HLA-B38 is uncommon in Thailand (phenotypic frequency, 2.2%), this 

study therefore focused on CTL responses restricted by HLA-A11, one of the HLA-A 

molecules most common in Thai populations (phenotypic frequency, 30%). 
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SFC/million PBMC  
Peptide sequence Donor 18 

(HLA-A*1101) 

             FSPGTSGSPIIDKKG 92 

                    GTSGSPIID 12 

                       TSGSPIIDK 0 

                    GTSGSPIIDKK 148 

                       TSGSPIIDKK 4 

                  PGTSGSPIIDK 0 

                    GTSGSPIIDK 84 

 

 

Table 5.2.  Optimal epitope of 15-mer peptide FSPGTSGSPIIDKKG (NS3. 131-145) 

PBMC from donor N18 were screened with a set of truncated peptides at a 

final concentration of 10uM in 16 hours IFN-γ Elispot assay.  Spots were counted and 

results were presented as SFC/million PBMC 
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Figure 5.6.  HLA-A*11 restriction of GTSGSPIIDKK epitope, NS3. 134-144 

HLA-A*1101 restriction of the GTSGSPIIDKK specific response was shown by 

a 4 hour chromium release assay using the GST-specific CTL line from donor 18 

(effector: target ratio = 10:1).  The target used was an EBV-transformed autologous B 

cell line (BCL), wild-type (wt) .221 cells, and HLA-A*1101 expressing .221 cells 

pulsed with no peptide (   ) or with peptide (   ) GTSGSPIIDKK (D2.1) at a 

concentration of 100 µM. 
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5.4 Natural processing and presentation of the dengue NS3 protein-derived 

GTSGSPIIDKK peptide 

In natural occurrence, an antigen needs to be processed into a short peptide, an 

eptiopes, inside a cell before being presented on a cell surface by HLA.  Using short 

peptide-pulsed BCL, as mentioned above, does not reflex the possibility of this epitope 

to be generated.  To confirm that endogenously produced NS3 protein containing GTS 

epitope was processed and presented to the FSP-specific T cell lines, an HLA-A11 

autologous BCL from donor N18 was infected with recombinant vaccinia virus 

expressing NS3 region of dengue virus (Vac F) or wild type (Vac D). FSP-specific T 

cell lines lysed the target cells infected with recombinant vaccinia virus expressing 

NS3 (Vac F) as well as target cells pulsed with the15-mer FSP peptide but did not lyse 

those infected with recombinant vaccinia virus control or mock infected (Fig. 5.7).  

The data indicate that NS3 expressed within the cells is naturally processed to yield 

the dengue NS3 protein-derived GTSGSPIIDKK peptide epitope. 

 

5.5 Variants of the HLA-A*11 restricted GTS epitope 

In general there is 30-40 % difference in amino acid sequences between dengue 

serotypes therefore all of the peptide variants of the GTS epitope among the published 

dengue NS3 sequences were searched from genbank.  Six variants were identified 

including three from Den 2 (D2.2, 2.3 and 2.4) and one each from the other serotypes 

(D1.1, 3.1 and 4.1) (Table. 5.3).  All of these variants were synthesised, as 10- and 11-

mers, and tested on the FSP specific T cell line which had been generated by 

stimulation with the D2.1 epitope (Fig. 5.8).  The experiment was performed using a 

conventional 51Cr release assay. All variants apart from D2.4 stimulated T cell 

responses at high concentrations but there were marked differences in the titration 

curves where the lower concentrations of peptide are probably more representative of 

the concentrations achieved in vivo. D2.4, which did not stimulate the T cell line has a 

relatively conservative alanine (A) substitution at position 8.  Interestingly D1.1, 2.3 

and 3.1 worked better as 10-mers than 11-mers (extra C terminal amino acid) 

suggesting they were using the arginine (R) at position 10 as the C-terminal anchor. 
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Figure 5.7.  Natural processing and presentation of GTSGSPIIDKK epitope 

 In vivo processing and presentation of GTSGSPIIDKK epitope was shown by a 

4 hour chromium release assay using the GST-specific CTL line from donor 18 

(effector: target ratio = 10:1).  The target used was HLA-A*11 autologous EBV-

transformed B cell line (BCL) infected with recombinant vaccinia virus expressing 

NS3 region of dengue virus (Vac F) or wild type (Vac D).  Autologous BCL pulsed 

with FSP peptide and mock infected were used as positive and negative control, 

respectively. 
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Variant Dengue 
serotype

Sequence Number of 
sequence 

found1/total2 
D2.1 2 GTSGSPIIDKK 29/39 
D2.2 2 GTSGSPIVDRK 6/39 
D2.3 2 GTSGSPIVDKK 3/39 
D2.4 2 GTSGSPIADKK 1/39 
D1.1 1 GTSGSPIVNRE 5/5 
D3.1 3 GTSGSPIINRE 2/2 
D4.1 4 GTSGSPIINRK 2/2 

 

1. Number of the sequence found in genbank. 

2. Total number of genbank-published NS3 sequences in each dengue serotype. 

 

Table 5.3.  HLA-A*11 restricted GTSGSPIISKK variants 

The sequence of D2.1 was used to search for variant dengue sequences published in 

National Center for Biotechnology Information (NCBI) GenBank database. 
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Figure 5.8.  Serotype cross-reactive CTL responses. 

The FSP-specific CTL line was co-cultured with a 51Cr labeled BCL (E:T ratio 

was 20:1) pulsed with the indicated concentration of all the 11-mer (A); D1.1 (   ), 

D2.1 (   ), D2.2 (   ), D2.3 (   ), D2.4 (  ) D3.1 (   ) and D4.1 (  ), and 10-mer (B) variant 

peptides; D1.1 (   ), D2.1 (   ), D2.2 (   ), D2.3 (   ), D2.4 (   ) and D3.1/D4.1(   ). 

A. B.
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5.6 Screening of variant GTS epitopes in normal healthy Thais 

To determine the recognition frequency of these variant peptides in an endemic 

area, PBMC from 39 normal healthy adult Thais expressing HLA-A*11 were screened 

with all variant peptides by IFNγ ELISpot assay ex vivo.  Nine (23%) of this cohort 

showed different responses against all variant epitopes (Fig. 5.9).  It is noteworthy that 

the response patterns could be roughly grouped into 2 categories based on the 

recognition of the D2.1 peptide.  In pattern 1, the magnitude of the responses to D2.1 

was lower than the response to D4.1.  In pattern 2, the response to D2.1 was of a 

similar magnitude or greater than the response to D4.1.  This probably reflects the 

history of dengue exposure in individuals. 

 

5.7 Different patterns of response during acute infection 

T cell responses against dengue virus were next studied in hospitalised children 

suffering an acute/current dengue virus infection.  Samples were collected during the 

acute hospitalisation phase and at 2 week and 2 month follow up.  Acute dengue 

infection was diagnosed by detection of dengue viral genome from acute sera by RT-

PCR and/or by serological testing (methods).  All but two of 73 patients were shown 

to be suffering a secondary/sequential infection by serology (methods).  Nineteen 

patients expressing HLA-A*11 were included in this study; all were secondary 

infections, twelve of these were infected with den 1, six had Den 2 and one had Den 3 

(Table 5.4).  The disease severity was classified according to World Health 

Organisation guidelines(128).  Patient virological and clinical data was shown in table 

5.4. 

PBMC from acute phase and 2 week and 2 month follow up were screened with 

all dengue variant epitopes by IFN-γ ELISpot assays.  Unexpectedly, we found 

low/absent ELISpot responses in samples taken during the acute hospital admission.  

There were no responses in samples on day 0 or before, and only 2/8 samples taken on 

the day after defervescence showed responses.  In contrast, all the follow up samples 

taken at 2 weeks and 2 months gave responses (Fig. 5.10 and Appendix B). 

The magnitude, timing, pattern of response and peptide titration curves to the 

variant peptides varied between the patients.  Again, as with the samples taken from 

healthy individuals, 2 distinct patterns could be observed: those with low responses to 
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the D2.1 and those with high responses.  Interestingly, patients with low responses to 

D2.1 were currently infected with Den 1 whilst those with high responses to D2.1 

were infected with Den 2.  These results suggest that there is some cross-reactivity 

between the different epitopes but that the cross-reactivity is only partial.  

Because relatively high peptide concentrations were used in this assay and more 

dramatic differences may be unmasked at lower peptide concentrations as seen with 

the CTL line.  Therefore, to gain further insight into this cross-reactivity, ex vivo 

peptide titrations were performed on PBMC with the variant peptides.  As expected, 

there were differences in the peptide titration curves suggesting differences in 

functional avidity in dengue specific T cells (Fig. 5.11 and Appendix C). 
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Figure 5.9.  The pattern of variant peptides response in IFN-γ Elispot assay from 

normal healthy individuals  

The pattern of response to variant peptides measured by IFN-γ Elispot assay on 

9 normal healthy individuals.  PBMC were stimulated with all the 11-mer variant 

peptides; D2.1, D2.2, D2.3, D2.4, D1.1, D3.1, or D4.1.  Spots were counted and 

results were presented as a ratio which was calculated by SFC of individual variant 

peptide/sum of SFC of all variant peptides 
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Patients  Diagnosis  Serology  Dengue   HLA class I type   
   Serotype A B  C  
K05  DF  secondary Den1 11/33  44/58  3/7  
K14  DF  secondary Den1 11/24  13/40  3/7  
K17  DF  secondary Den1 11/02  46/- 1/1  
K21  DF  secondary Den1 11/30  15/35  4/4  
K237  DF  secondary Den1 11/02  15/55  7/8  
K01  DHF grade I  secondary Den1 11/29  7/18  7/15  
K19  DHF grade I  secondary Den2 11/02  13/15  4/8  
K203  DHF grade I  secondary Den1 11/24  27/40  7/15  
K221  DHF grade I  secondary Den1 11/02  27/40  3/7  
K239  DHF grade I  secondary Den2 11/02  40/40  3/7  
K24  DHF grade II  secondary Den2 11/24  27/51  3/14  
K201  DHF grade II  secondary Den1 11/24  15/46  1/8  
K206  DHF grade II  secondary Den1 11/68  27/40  8/8  
K213  DHF grade II  secondary Den2 11/24  27/40  3/15  
K214  DHF grade II  secondary Den3 11/24  46/51  1/14  
K234  DHF grade II  secondary Den1 11/24  35/46  1/4  
K10  DHF grade III  secondary Den2 11/2  15/15  8/8  
K22  DHF grade III  secondary Den1 11/2  27/46  1/12  
K27  DHF grade III  secondary Den2 11/2  18/46  1/7  

Table 5.4.  Summary of patient data 
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Figure 5.10.  Recognition frequency of GTS variants in acute dengue virus-

infected patients 

Frequency of dengue virus- specific T cell responses were measured as spot 

forming cells per million PBMC by IFN-γ Elispot assay.  PBMC taken from dengue 

virus infected patients K22 (Den1 infection, A) and K10 (Den2 infection, B) were 

stimulated with seven variant 11GTS epitope peptides; D2.1, D2.2, D2.3, D2.4, D1.1, 

D3.1, and 4.1.  Samples were taken at the indicated time points during acute hospital 

admission and a day 14 and 60. Day -1 represents the day before defervescence, day 0 

is day of defervescence, day +1 is the day after defervescence and so forth. 

B.A. 
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Figure 5.11.  Evaluation of functional avidity of dengue specific T cells using 

peptide dilution of variant peptides in IFN-γ ELISpot assay. 

PBMC taken from dengue infected patients K237 (Den1 infection, A) and K27 

(Den2 infection, B) were stimulated with the indicated concentration of the variant 

11GTS epitope peptides; D1.1 (   ), D2.1 (   ), D2.2 (   ), D2.3 (   ), D3.1 (   ) and D4.1 

(   ). The responses of dengue virus- specific T cell were measured by IFN-γ Elispot 

assay and presented as spot forming cells per million PBMC. 

 

A. B.
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5.8 Construction of MHC class I-peptide tetrameric complexes for dengue GTS 

epitopes 

MHC tetramer technology is widely used to identify antigen specific CD8+ T 

cells in basic and clinical, immunologically oriented research. MHC class I-peptide 

tetrameric complexes consist of four biotinylated MHC-peptide molecules bound to a 

central phycoerythrin labeled avidin molecule which bind directly to the TCR 

recognizing the peptide, and allow direct visualization of circulating antigen-specific 

CD8+ T cells by flow cytometry (Fig. 5.12).  This method has already been used to 

study CD8+ T cell responses in mouse models of acute virus infection, such as 

lymphocytic choriomeningitis virus (LCMV) as well as in virus infections of human, 

such as Epstein-Barr virus (EBV)(129), and Human Immunodeficiency virus (HIV). 

Tetramer analysis offers many potential advantages over some of the more 

traditional CTL assays.  This method is quantitative and fast, so that fresh blood 

samples can be analyzed and large numbers of samples can be processed.  Because the 

analysis is performed using a flow cytometer, cells can be stained with the tetramer 

and at the same time with fluorescently labeled monoclonal antibodies that are specific 

for other cell-surface molecules; this allows additional characterization of the 

responding cells. 

To study dengue specific responses in more detail, MHC class I-peptide 

tetrameric complexes containing the following dengue variant peptide sequences: 10-

mer-D2.2, 11-mer-D1.1 and 10-mer-D3.1 (10-mers derived from D3.1 and D4.1 

sequences are the same) were made.  All stained the FSP specific CTL line (Fig. 5.13).  

Based on this and the ELISpot results the 10-mer-D3.1 was selected for further studies 

and specificity was confirmed by staining PBMC taken from HLA-A*11 positive 

dengue-immune, HLA-A*11 positive non-dengue immune or HLA-A*11 negative, 

dengue-immune individuals.  The results clearly showed tetramer positive staining 

only in an HLA-A*11 positive dengue-immune but not in both HLA-A*11 positive 

non-dengue immune and HLA-A*11 negative, dengue-immune individuals (Fig. 

5.14).  This suggested the high specificity of this tetramer staining. 
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Figure 5.12.  Tetramer analysis to detect T lymphocytes (T cells) that have 

specific T-cell receptors on their cell surface. 

(a) Soluble versions of the heavy chain of major histocompatibility complex (MHC) 

class I molecules are synthesised in Escherichia coli bacteria. (b) The molecules adopt 

an appropriate conformation following the addition of b2 microglobulin (b2m) and a 

synthetic peptide that represents the epitope that is recognised by the T-cell receptor 

(TCR) of interest. This peptide is able to bind to the MHC molecule. In addition, the 

enzyme BirA is used to attach a biotin molecule to the specific BirA-recognition 

sequence, which has been incorporated into the carboxyl terminus of the MHC 

molecule. (c) Four MHC–biotin complexes are linked to a single streptavidin 

molecule, using the specific biotin–avidin interaction, to form a tetramer. The 

streptavidin molecule is ‘tagged’ with a fluorochrome (e.g. phycoerythrin; PE). (d) 

Tetramers are mixed with the cell population that is to be analysed [e.g. total 

peripheral blood mononuclear cell (PBMC) populations or CD8+ T lymphocytes (cont) 
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mononuclear cell (PBMC) populations or CD8+ T lymphocytes (T cells)]. Only T cells 

that have TCRs that are capable of binding to the particular MHC–peptide 

combination that is present in the tetramer are able to bind the tetramer; thus, such 

cells will become labelled with the PE fluorochrome [shown in red on the graph in 

(e)]. A monoclonal antibody that is specific for a T-cell marker and is tagged with a 

different fluorochrome [e.g. fluorescein isothiocyanate (FITC), shown in green] can 

also be used. (e) The cells are then analysed using flow cytometry; the proportion of 

the CD8+ T-cell population that stains positively with the tetramer can be determined 

(top, right-hand quadrant)). 

 

[Julian Hickling (1998) Measuring human T-lymphocyte function. Exp. Rev. Mol. 

Med. 13 October, http://www.expertreviews.org/jhc/txt001jhc.htm] 
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Figure 5.13.  HLA-A*11/GTS tetrameric complex staining GTS-specific CTL 

line. 

Peptide specific CTL lines were stained with either PE conjugated D1.1/A11 

tetrame (A), D2.2/A11 tetramer (B), or D3.1/A11 tetramer (C), Tet-PE, followed by 

FITC conjugated anti-CD8 mAb, CD8-FITC. Cells were analysed by FACS and the 

results were obtained by gating on live cells. 

A. B. C. 
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Figure 5.14.  Specificity of HLA-A*11/GTS tetrameric complex for HLA-A*11 

restricted, GTS-specific T cells. 

PBMC were double stained with PE-conjugated HLA-A*11/GTS tetrameric 

complex (Tet-PE) and FITC-conjugated anti CD8 mAb (CD8-FITC). Cells were 

analysed by FACS and the results were obtained by gating on live cells. PBMC were 

obtained from an HLA-A*11 positive, dengue immune individual, an HLA-A*11 

positive, non-dengue immune individual or an HLA-A*11 negative, dengue immune 

individual. 

A. B. C.
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5.9 MHC Class I tetramers to study the frequency and phenotype of GTS-

specific CD8+ T cells in normal healthy Thais population. 

To determine the frequency of GTS-specific CD8+ T cells, PBMC from 31 

normal healthy adult Thais expressing HLA-A*11 were stained with tetramers in 

combination with anti-CD8 antibody.  Fifteen out of thirty-one (48%) healthy Thais 

expressing HLA-A*11 showed positive staining with the tetramer accounting for 

between 0.02 and 0.35% of the CD8+ population with the mean ± s.d. of 0.061 ± 

0.086; n = 15 (Fig. 5.15).  Comparison of the number of responsive normal individuals 

to dengue virus detected by ELISpot assay and MHC class I tetramer staining suggest 

that tetramer technique is more sensitive than ELISpot assay. 

Taking advantage of recent advances in the use of tetramers in combination with 

phenotypic markers; intracellular and cell-surface markers, allows us to gain 

information on the stage of the antigen-specific T cells, ie activation, effector and 

memory stage.  The activation markers were CD25, CD28, CD69, CD38 and HLA-

DR.  The effector/memory markers are CD45, CD27, CD62L, CCR7 and perforin.  

This allowed us to study the phenotype of dengue-specific cytotoxic T cells in normal 

healthy Thais and dengue infected patients.  The phenotypic study was initially 

performed in 4 normal healthy adults.  Phenotyping of tetramer positive cells from 

these individuals showed the majority were CD27+ CD62L- and CCR7- and had low 

perforin, and about half were CD28+ or CD45RO+ suggesting they represent a GTS-

specific early/intermediate differentiated memory population (Table 5.5) (130). 
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Figure 5.15.  Frequency of tetramer-reactive CD8+ T cells in normal health Thai 

adults. 

 PBMC from healthy adults who gave responses in IFN-γ Elispot assay were 

stained with PE-conjugated HLA-A*11/GTS tetrameric complex and FITC-

conjugated anti-CD8. Cells were analysed by FACS and the results were obtained by 

gating on live cells. The frequencies of CD8+ T cells stained with tetrameric complex 

were shown as a percentage of the total CD8+ cells. 
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Percentage of each fraction in Tetramer+ CD8+ T cells Donor % of 

tetramer+  
(gated on 

CD8+T cells) 

CD27 CD28 CD45RA CD45RO CD62L CCR7 Perforin 

N18 0.24 88 76 31 71 6 6 5 
N15 0.21 84 53 50 48 4 10 31 
N20 0.14 82 58 31 75 0 8 19 
N92 0.18 90 55 62 55 6 15 31 

 

 

Table 5.5.  Phenotypic analysis of tetramer-reactive cells on normal healthy 

individuals 

Expression of CD27, CD28, CD45RA, CD45RO, CD62L, CCR7, and perforin 

on the GTS-specific CD8+ T cells were determined. PBMC were stainied with 

tetramer followed by antibody to CD8 and the third or forth markers in question and 

analysed by Flow cytometry; percentage values refer to the percentage of tetramer-

positive cells that stained for the marker in question. 
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5.10 MHC Class I tetramers to study the acute response 

Next we stained acute and follow up PBMC from dengue virus-infected patients.  

The average relative frequencies of GTS-specific CD8+ T cells are shown (Fig. 5.16 

and 5.17).  The responses peaked at 2 weeks in all patients and mirrored the results 

from the IFN-γ ELISpot assay.  Unlike the ELISpot results, however, almost all of the 

patients had low but detectable levels (0.02-2.5%) of GTS-specific/CD8+ T cells 

during the acute phase.  Disease severity was compared to the magnitude of the GTS-

specific/CD8+ T cell responses at day 14 detected by tetramer staining.  Dengue-

infected patients had higher circulating GTS-specific CD8+ T cells than normal dengue 

immune individuals (Fig. 5.18).  All three patients with dengue shock syndrome (DHF 

grade III), had peak responses greater than 2% (mean ± s.d. was 4.26 ± 2.03; n = 3) 

compared with patients with DHF grade I or II (mean ± s.d. was 0.84 ± 0.82; n = 11). 

During the acute phase, the GTS-specific T cells showed an activated effector 

phenotype, with almost all of them expressing high levels of CD45RO, CD27, CD38 

and HLA-DR but no chemokine receptor CCR7, a secondary lymphoid organ-homing 

marker (Fig. 5.19 and 5.20).  They also displayed high levels of proliferation marker 

Ki-67 (Fig.5.21).  As expected the activation markers were reduced in the follow up 

samples which also showed a reduction in CD28 and some re-expression of CD45RA 

(Fig. 5.19 and 5.20). 
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Figure 5.16. The mean frequency of GTS specific CD8+ T cells across the course 

of acute dengue infection and follow up. 

Frequencies of dengue virus- specific T cell measured by HLA class I tetrameric 

complex staining.  PBMC taken from dengue virus infected patients at the indicated 

time points during acute hospital admission and at day 14 and 60.were stained with 

HLA-A*11/GTS tetramer and anti-CD8 antibody followed by analysis on Flow 

cytometry.  Samples taken Day -1 represents the day before defervescence, day 0 was 

day of defervescence, day +1 was the day after defervescence and so forth. 
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Figure 5.17. Frequency of GTS-specific CD8+ T cells across the course of acute 

dengue infection and follow up. 

 Dot plots represented the frequency of GTS-specific CD8+ T cells at day0 (A), 

day+1 (B) and day+14 (C) from K17 patient. PBMC were stained with PE-conjugated 

HLA-A*11/GTS tetrameric complex and FITC-conjugated anti-CD8. Cells were 

analysed by Flow cytometry and the results were obtained by gating on live cells. The 

frequencies of CD8+ T cells stained with tetrameric complex were shown as a 

percentage of the total CD8 cells. 

A. B. C.Day 0 Day +1 Day+14 
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Figure 5.18.  Association between disease severity and frequency of dengue-GTS 

specific CD8+ T cells 

Frequency of GTS specific CD8+ T cells at 14 days from patients with different 

severities of disease: DF, DHF grade 1 and 2, DHF grade 3 compared to the 

frequencies in 15 normal healthy individuals (mean±SD: 1.18±0.19 in patients vs 

0.12±0.1 in healthy normals; Fisher Exact test P value =0.0014). 



Fac. of Grad. Studies, Mahidol Univ. Ph.D. (Immunology) / 79

 

 

 

 

 

 

 

Figure 5.19. Phenotypic analysis of dengue virus specific CD8+ T cells 

 Summerise the expression of CD27, CD28, CD45RA, CD45RO, CD62L, CCR7, 

CD38, HLA-DR, and perforin on the GTS/A11-specific CD8+ T cells at different time 

points. PBMC were stained with tetramer followed by antibody to CD8 and the third 

or forth markers in question. The samples were then analysed on Flow cytormetry and 

percentage values refer to the percentage of tetramer-positive cells that stained for the 

marker in question. Each line represented individual dengue patient. 
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Figure 5.20. Phenotypic analysis of HLA-A*11/GTS-specific CD8+ T cells in 

PBMC from patient K17. (cont) 

A. B. C. 
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Figure 5.20. Phenotypic analysis of HLA-A*11/GTS-specific CD8+ T cells in 

PBMC from patient K17. 

 Dot polts showed the expression of CD27, CD28, CD45RA, CD45RO, CD62L, 

CCR7, CD38, HLA-DR on the GTS-specific CD8+ T cells at different time 

points.PBMC from patient K17 obtained during acute phase (A), 2 week (B), and 2 

month (C) follow up were stained with the PE-conjugated HLA-A*11/GTS complex 

followed by antibody to CD8 and the third or forth markers in question. 
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Figure 5.21. Intracellular Ki-67 expression in the dengue GTS specific T cells. 

 PBMC from patient K22 obtained during acute phase and 2 week follow up were 

stained with the PE-conjugated HLA-A*11/GTS complex followed by antibody to 

CD8 and intracellular Ki67 staining. (A) Dot plot represent Ki-67 staining on PBMC 

during acute and convalescent phase. (B) Analysis of Ki-67 expression across the time 

course of infection. Percentage value refer to percentage of Ki-67 positive cells in 

tetramer positive CD8+ T cells. 

A. 

B. 
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5.11 Massive apoptosis in dengue T cells 

We next set out to determine why in the early stages of the illness the 

frequencies of antigen specific T cells were so low in contrast to other virus infections 

such as HIV or EBV (131).  Three possibilities exist: cells may not have had time to 

proliferate fully, they are sequestered in peripheral tissues or lymphoid organs, or they 

are dying at an increased rate. PBMC taken from eight patients were stained with 

tetramer followed by TUNEL (a marker for DNA fragmentation).  During the acute 

infection, the majority of GTS-specific T cells were TUNEL positive (Fig. 5.22).  In 

contrast, fewer than 20% of tetramer negative CD8+ T cells were apoptotic. In the 

follow up samples, a minority of CD8+ T cells, both tetramer positive and negative 

populations were positive for TUNEL staining.  Co-staining experiments showed that 

the GTS-specific T cells expressed little or no TNF-receptor 1 (TNFR1), death 

receptor 4 (DR4) and death receptor 5 (DR5) (Fig. 5.23).  However, most of GTS-

specific T cells expressed the death receptor Fas and had low levels of Bcl-2, an anti-

apoptotic protein regulating the signalling pathway leading to cell death (Fig. 5.24). 
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Figure 5.22. Analysis of apoptosis by TUNEL staining across the time course of 

infection 

 PBMC from patient obtained during acute phase, and 2 week follow up were 

stained with the phycoerythrin-conjugated HLA-A*11/GTS complex followed by 

antibody to CD8 and TUNEL. (A) Dot plot represent TUNEL staining on PBMC 

(patient K10) during acute and convalescent phase. Percentage value refer to 

percentage of TUNEL positive cells in tetramer positive or negative CD8+ T cells (B) 

Analysis of apoptosis by TUNEL staining across the time course of infection. (patient 

K22). Day -1    (   ), day 0 (   ), Day +1 (   ), and Day 15 (   ). 

A. 

B. 
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Figure 5.23. Death receptors expression of dengue-specific CD8+ T cells across 

the time course of infection 

 Dot plots showed the expression of death recepters (DR4, DR5, and TNFR1) on 

GTS-specific CD8+ T cells at different time point of infection. PBMC from patient 

K17 obtained during acute phase, 2 week and 2 month follow up were stained with 

PE-conjugated HLA-A*11/GTS tetrameric complexes followed by antibody to CD8 

and antibody specific to DR4 (A), DR5 (B) and TNFR1 (C). Values in the dot plots 

refer showed the percentage of tetramer-positive cells that stained for the marker in 

question i.e. DR4, DR5, or TNFR1. 
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Figure 5.24.  Fas and intracellular Bcl-2expression in the dengue GTS specific T 

cells. 

 PBMC from patient K22 obtained during acute phase and 2 week follow up were 

stained with PE-conjugated HLA-A*11/GTS tetrameric complexed followed by 

antibody to CD8 and Fas (A) or Bcl-2 (B).  Percentage value refer to percentage of Ki-

67 positive cells in tetramer positive CD8+ T cells. 

A

B
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5.12 T cell original antigenic sin during secondary infection 

In dengue virus infection, subsequent infection with different viral serotypes 

markedly increases the risk for DHF/DSS, the severe forms of dengue virus infection.  

To explain the increased pathogenesis in secondary infection, many possibilities were 

existed.  Firstly, although virus-specific T lymphocytes have been shown to be critical 

for clearance of viral infections in vivo, such as lymphocytic choriomeningitis virus or 

influenza virus, virus-specific T lymphocytes may also exacerbate tissue injury and 

induce disease, as demonstrated in mice infected with respiratory syncytial virus 

(RSV) (132).  That study showed that adoptive transfer of RSV-specific CTL into 

RSV infected mice was able to clear the infection and the rate of virus clearance 

depended on the number of cells injected.  Interestingly, virus clearance was also 

associated with pathological changes on the lung and sometimes caused lethal 

respiratory disease.  In addition, it has been suggested that the higher amplitude 

responses from memory cells, sequential infection with the same antigen may induce 

rapid and efficient memory responses that can control the infection or cause the 

immunopathology as demonstrated in RSV infected mice model.  Another possibility 

is the phenomenon referred as “T cell original antigenic sin”.  The key of this 

phenomenon is the recalling of memory responses to secondarily challenge with a 

similar but different antigen. The recalled memory responses may be partial agonist or 

antagonist to the re-challenged antigen leading to impaired clearance of newly infected 

antigen.  Original antigenic sin was initially described in influenza virus in which 

antibody responses to original antigen are preferentially induced upon re-challenge 

with a related but distinct secondary influenza strain (133). 

A proposed model of heterologous immunity in secondary infection is shown in 

Figure 5.25.  In general, the naïve T cell repertoire likely contains T cell clones with 

different affinities to cross-reactive peptide epitopes (similar but different in amino 

acid sequence), i.e. epitope A and B with a single amino acid difference in this case.  

Primary infection with peptide epitope A, likely induce the expansion of polyclonal of 

T cells with higher affinity against peptide epitope A (red circle, left) and entering the 

memory pool.  In contrast, primary infection with peptide epitope B having one single 

amino acid sequence different from A likely generate polyclonal of T cells with high 

avidity to peptide epitope B (blue circle, middle).  Because of the pre-existing memory 
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T cells are more rapidly activated than naïve T cells, upon infection with peptide B 

follows peptide A, the memory T cell pools with higher avidity to peptide A (red part, 

right) and some cells with cross-reactivity to B (green part, right) are re-generated 

more rapidly than naïve T cell specific to secondary infection (blue part, right).  The 

preferential expansion of pre-existing memory T cells with high affinity to original 

antigen but low affinity to currently infected antigen may lead to inefficient antigen 

clearance and promote the immunopathology.  This phenomenon is similar to that 

described as original antigenic sin. 

Original antigenic sin was first extended to CTL in LCMV infected murine 

model which showed the mice primed with LCMV wild type strain followed by 

infection with variant antigen had CTL response directed against the primed epitope 

rather than against the re-challenge variant epitope.  In vivo CTL response also showed 

the primed mice were unable to clear rapidly the variant LCMV from liver and lung, 

although they efficiently cleared the primed LCMV strain (134).  The study indicated 

that re-infection with mutant viruses recalled the response to the original antigen to the 

detriment of the secondary antigen which led to impaired viral clearance.  In dengue 

infection, dengue virus always cause the severe form of disease in secondary infection 

with different virus serotype from the earlier infection, the phenomenon analogous to 

original antigenic sin would be expected to occur in the T cell response to secondary 

dengue infection. 

Since there is 30-40 % difference in amino acid sequences between dengue 

serotypes and there are 6 variants of GTS epitope from these 4 serotypes and T cell 

responses showed various degrees of cross-reaction among these variants.  To further 

investigate the cross-reactive of GTS-specific T cells, double staining with two 

different HLA-A*11/GTS tetrameric complexes conjugated with different 

fluorochrome were performed.  These included 2 healthy normal individuals, 3 

patients infected with Den 1, and 2 infected with Den 2. PBMC were stained with 

three pairs of HLA-A*11/ variant GTS tetrameric complex (D1.1/D2.2, D1.1/D3.1, 

and D2.2/D3.1 tetramers) (Fig. 5.26 and Appendix D).  Although this double staining 

assay is more a measure of relative avidity than of absolute specificity, it clearly 

demonstrated the existence of multiple dengue specific T cell populations in a single 

individual after secondary infection.  The result showed 10GTS-D3.1 tetramer was the 
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most cross-reactive, confirming with the ELISpot data.  Staining with either the D1.1 

or 2.2 tetramers showed the existence of dual populations with high and low staining. 

Interestingly, in secondary infection with Den 1, many of the T cells showed 

preference recognition for Den 3 tetramers obtained from both D1.1/D3.1 and 

D2.2/D3.1 tetramers staining, and in secondary Den 2 infection, many of the cells 

reacted better with the Den 1 and Den 3 tetramer in all pairs of tetramer staining 

suggesting the expansion of T cells with relatively lower affinity for the currently 

infecting virus and a higher affinity for presumed previously encounter serotype.  
It would be very interesting to know which viruses were responsible for the 

infections preceding the acute infection examined in this study.  From serological test, 

these patients had the secondarily infection and the currently infecting virus is 

identified by RT-PCR.  Unfortunately, the past history of the infection is not known 

and current methods to define this are not optimal and in many cases it is impossible to 

extract more information.  Original antigenic sin has been reported for dengue 

antibody responses, and cross-reactivity in virus neutralization tests can sometimes 

allow deconvolution of a person’s previous dengue exposure (135).  In an attempt to 

gain more information, plaque reduction neutralization assay was performed in which 

patient serum was used to inhibit infection by the four dengue serotypes of a 

monolayer on an LLC-MK2 cell line (note this test was done at the virology 

department, AFRIM, Thailand).  The results of this analysis must be interpreted with 

caution, but they indicated that the patient with Den-1 infection (Fig. 5.26 and Table 

5.6) may have been exposed to at least Den-3 before, and the patient with Den-2 

infection may have been previously encountered with Den-1, Den-3 or both.  This 

confirmed with the double tetramer staining experiment  
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Figure 5.25.  A proposed model of heterologous immunity in secondary infection; 

original antigenic sin. 

Generally, the naïve T cell repertoire likely contains T cell clones with 

different affinities to cross-reactive peptide epitopes (similar but different in amino 

acid sequence).  Each circle represents a population of multiple T cell clones specific 

to particular antigen (A or B).  During primary infection, the naïve T cell populations 

with higher affinity for the infecting antigen are preferentially expanded (red circle, 

left, T cell populations with high affinity for peptide A; or blue circles, middle, T cell 

populations with high affinity for peptide B).  Upon infection with peptide epitope B 

as a secondary infection, the responses is dominated by T cells of higher affinity to the 

original antigen, epitope A (red circle, right) rather than the second encountered 

antigen, peptide epitope B (blue circle, right), in association with small population of 

cross-reactive T cell to peptide epitope A and B (overlapping green circle, right).  This 

is due to a preferential re-expansion of pre-existing low affinity memory T cells and 

this phenomenon referred as “original antigenic sin” 
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Figure 5.26. Double tetramer staining 

 Three pairs of tetramer D1.1/D2.2, D1.1/D3.1, and D2.2/D3.1 conjugated with 

different fluorochrome were added at equimolar ratio and used to stain PBMC from 

patients with acute Den 1 infection (K22) and Den 2 infection (K10) followed by anti-

CD8 antibody. The plots represent the double tetramer staining gated on CD8+ T cells. 
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Plaque Neutralisation Inhibition titre  

Patient 
Day after 
onset of 

fever      Den 1        Den 2        Den 3         Den 4  

Serotype of 
secondary 

infection (by 
PCR)  

K01  2  <10  <10  <10  <10  Den1  
 77  856  988  1138  33   
K05  5  1562  588  >2560  86  Den1  
 73  1848  632  >2560  60   
K10  4  510  410  912  <10  De2  
 71  >2560  >2560  >2560  61   
K14  4  1087  545  528  <10  Den1  
 78  1567  877  969  17   
K17  4  >2560  1967  >2560  80  Den1  
 64  >2560  2263  >2560  186   
K19  2  2010  201  135  <10  Den2  
 62  >2560  >2560  >2560  167   
K21  5  258  68  194  <10  Den1  
 55  1150  593  1234  12   
K22  6  482  202  2227  <10  Den1  
 133  734  446  >2560  74   
K24  5  >2560  531  1132  38  Den2  
 116  >2560  537  1281  54   
K27  5  >2560  >2560  >2560  131  Den2  
 48  >2560  >2560  >2560  763   
K201  6  1878  1793  1431  264  Den1  
 65  2008  1344  1461  220   
 

Table 5.6. Results of virus neutralization test 

This PRNT tests were done at Dr.Anan  Nisaluk AFRIMS, Thailand. 
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5.13 Dissociation kinetics of the interaction between the HLA-A11/GTS 

tetramers and the GTS specific CD8+ T cells 

Although the simultaneous double tetramer binding experiment is a powerful 

technique, but they provide only the information on relative avidity of MHC class-

I/peptide tetrameric complexes with peptide specific T cells in polyclonal T cells pool.  

The structural avidity of specific T cell populations can be more precisely determined 

by tetramer dissociation assay.  To demonstrate the difference in structural avidities 

between dengue specific T cells, dissociation kinetics of the interaction between the 

HLA-A11/GTS tetramers and the GTS specific CD8+ T cells were performed.  In 

these assays CTL lines or clones were incubated with saturated concentrations of PE 

labelled dengue variant tetramers at 4 °C.  The cells were then washed and incubated 

with the excess amount of unlabelled tetramer (same dengue variant) that will compete 

binding with T cell lines or clones.  The rate of tetramer dissociation was assayed at 

different time points by FACS.  In this study, three representative examples of the 

dengue-specific CTL lines and clones were shown (Fig. 5.27).  The assay showed a 

spectrum of responses ranging from almost complete cross-reactivity to much lower 

cross-reactivity.  In cells derived from a patient with a current Den-2 infection (CTL 

clone isolated by cell sorting and cultured in the absence of peptide stimulation), Den 

2 tetramer dissociated faster than the Den1 and Den 3 tetramers, respectively(Fig. 

4.27, middle panel).  In addition, the apparent Kd was calculated from Scatchard 

analysis confirming this finding as Den 2 tetramer showed Kd at 10.6 µM whereas 

Den1 and Den3 had Kd's of 1.6 and 1.2 µM, respectively (Fig. 5.28).  This result 

supported the previous finding and demonstrated that T cells from Den2 infected 

patient had a lower affinity for currently infecting virus (Den2) and a higher affinity 

for previously encounter serotype (may be Den1, Den3 or Den4).  
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Figure 5.27. Dissociation kinetics of the interaction between HLA-A*11/GTS 

tetrameric complex and GTS-specific CTL lines or clones 

  Dissociation kinetics of the interaction between the A1101-GTS D1.1 (  ), D2.2    

(  ) or D3.1 (   ) tetramer with GTS-specific CTL line derived from healthy donor 20, 

donor 12 and a dengue specific-CTL line established by tetramer staining and cell 

sorting from patient K213 infected with Den2 and cultured in the absence of peptide. 
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Figure 5.28. Apparent Kd value for the interaction between GTS-specific CTL 

clones and HLA-A*11/GTS tetrameric complex. 

 GTS-specific CTL clones from patient K213 were stained with PE-conjugated 

D1.1 tetramer (A), D2.2 tetramer (B), or D3.1 tetramer (C) at room temperature at a 

range of subsaturating concentration. Polts of the concentration of tetramer against 

bound tetramer and Scatchard plots of bound/free tetramer vs. bound tetramer were 

derived. The Kd was calculated from latter plots by nonlinear analysis. 
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CHAPTER 6 

DISCUSSION 

 

 
Dengue infection is one of the most serious public health problems in Thailand 

however, little is known about its pathogenesis.  In this study, dengue-specific T cells 

were intensively studied in attempt to understand the roles of these cells in disease.  In 

order to facilitate the study, it was important to identify dengue epitopes which are 

presented by common HLA alleles found in the Thai population.  Although there are 

several ways of searching for T cell epitopes, the INF-γ ELISpot assay with a set of 

overlapping peptides is a relatively simple, rapid and efficient way to define new 

epitopes.  As shown in this study, two novel dengue-specific T cell epitopes were 

characterised.  Both epitopes are located in dengue NS3 protein in support of previous 

studies showing that NS3 is a immunodominant target for T cells (89, 127, 136).  One 

epitope, EAHFTDPASI (EAH) is restricted to HLA-B38 and the other is 

GTSGSTIIDKK (GTS), restricted to HLA-A11, the most common HLA allele in 

Southeast Asia, dengue endemic area.  Although EAH is the epitope found to be 

presented by HLA-B38, this allele is relatively uncommon in the Thai population and 

there were no dengue infected patients possessing HLA-B*38 in our cohort.  For these 

reasons, the study concentrated on T cell responses against the GTS epitope. 

There are 4 dengue serotypes and amino acid sequence homology is around 

60%.  The most severe dengue infections are most often found among people having 

infection a second time.  Therefore it is unavoidable to compare the T cell responses 

against variant epitope derived from the 4 serotypes.  Following a search of the 

published dengue NS3 sequences, six GTS various were found.  Amino acid 

sequences of these six variants differ at position 8-11 and can elicit partially cross 

reactive T cell responses.  In addition, the magnitude and pattern of the responses 

against these variant epitopes were different among the population of dengue infected 

patients.  Double staining of PBMC with variant tetramers demonstrated the existence 

of multiple T cell populations responsive to these epitopes.  This suggests that amino 



Fac. of Grad. Studies, Mahidol Univ. 
 

 

Ph. D. (Immunology) / 97

acids at these positions are very crucial to stimulate the T cell response.  Further study 

on other T cell functions, such as proliferation ability, upon stimulation with these 

GTS variants and crystal structures of these peptide/HLA/TCR complexes would 

allow us to gain more insight to the relationship between the variants and T cell 

responses. 

Fifty percent of HLA-A*11 positive normal healthy Thais had GTS-specific T 

cells detected by tetramer staining however only one forth of the population showed 

responses as measured by IFN-γ production.  This discrepancy may due to the tetramer 

staining technique based on the interaction between the tetramers and T cell receptors 

on the cell surface.  Detection of dengue-specific T cells using tetramer is not 

dependent on their function, and such T cells may not all secrete IFN-γ upon 

stimulation. 

GTS-specific CD8+ T cells were detected in all samples taken at 2 week follow 

up from dengue infected patients.  This finding suggests that GTS is an 

immunodominant epitope for the HLA-A*11 allele.  Whist the responses were found 

in convalescent specimens, almost all of the acute samples showed no IFN-γ 

production against the dengue epitopes even though dengue-specific T cells were 

detectable at a low level by tetramer staining.  Defects of T cell responsiveness during 

an acute dengue infection were also reported in one study demonstrating that there 

were reductions in the proliferative responses to PHA, anti-CD3 in addition to dengue 

antigen (136).  A similar pattern is seen in hepatitis C virus (HCV) infection where 

antigen-specific T cells, although relatively prevalent, failed to produce IFN-γ during 

an acute infection and the response returned 10 weeks later following viral clearance 

(137).  Similarly, antigen-specific CD8+ T cells in mice exposed to lymphocytic 

choriomeningitis virus proliferated rapidly at first and produced IFN-γ but later the 

cells became "stunned" and ceased producing IFN-γ.  However production of this 

cytokine was eventually regained (138, 139). 

A relationship between disease severity and an increase of activated T cell has 

been described in dengue infection (6, 9).  However, these studies did not directly test 

the T cell response against dengue-antigens.  In this study, the association between 

disease severity and magnitude of dengue-specific T cell responses has been studied.  

Three patients with dengue shock syndrome (DHF grade III) all had peak responses of 
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greater than 2% compared with 1/11 patients with DHF grade I/II and 1/5 patients with 

DF (Fishers exact P value = 0.01 DSS vs. DF&DHF I/II) suggesting that the 

magnitude of the antigen-specific T cell response may be involved in disease severity.  

These results are in agreement with a recent report showing a correlation between 

disease severity and T cell responses to an HLA-B*07 restricted epitope in the dengue 

NS3 protein, (7).  Unfortunately, there were no HLA-A*11 patients with primary 

dengue infection recruited in our study, it would be interesting to study the association 

between the dengue specific T cell response and the serologic response in primary vs. 

secondary infection. 

The experiments described here show antigen specific T cells from normal 

healthy individuals were CD27+, CD62L-, and CCR7- and perforinlo, and about half 

were CD28+ or CD45RO+ suggesting they represent a GTS-specific early/intermediate 

differentiated memory population (130, 131).  The GTS-specific T cells showed an 

activated effector phenotype; CD45RO+, CD27+, CD38+, HLA-DR+, and CCR7- 

during acute phase.  In addition, these cells were proliferating as they expressed high 

level of Ki-67 protein which is upregulated during cell cycle.  Interestingly, these 

GTS-specific CD 8+ T cells were positive on TUNEL assay, a method to detect DNA 

fragmentation a hallmark of apoptosis.  TNFR1, DR4 and DR5 were probably not 

involved in this process because their levels of expression were undetectable on the 

GTS- specific CD 8+ T cells.  It is usually difficult to detect circulating apoptotic cells 

as they are very rapidly removed from the circulation.  The very high percentage of 

apoptotic cells detected here, combined with the expression of the proliferation marker 

Ki-67 by 75-100% of cells suggests that there is huge proliferation balanced by 

massive activation induced cell death in the acute setting.  Apoptosis is reduced upon 

viral clearance, allowing a rebound in CTL numbers at 2 weeks which reduces by 2 

months as memory is established. 

A number of investigators have studied the potential for T cells to cause damage 

in animal models.  Much of this work has been derived in the murine LCMV model. 

LCMV is a non-cytopathic virus, but when an infection leads to a high antigen load 

combined with a large CTL response immune damage to infected tissues can ensue 

(140).  There are a number factors that can modify disease in this model, including 
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viral dose and strain, previous infection, site of immunisation/inoculation, the age of 

the mice and the presence of circulating antibodies (141). 

Original antigenic sin was first demonstrated for antibody responses, and implies 

that the response to a secondary challenge is dominated by proliferation of cross 

reacting memory cells induced by the primary infection which may be of lower 

affinity for the secondary challenging antigen (133).  In this report the term ‘original 

antigenic sin’ was chosen to denote the resurrection from memory of a response, 

without prejudice as to whether this will be to the benefit or detriment of the host.  

Antigenic sin has the advantage that it can lead to the rapid mobilisation of a memory 

response which in many instances may be advantageous.  However memory cells have 

a much lower threshold for activation compared to naïve cells (142), so there is a risk 

that clones activated by original antigenic sin may have lower affinity and be less 

effective at clearing the secondary challenge (143), and indeed may promote 

immunopathology.  

Recently, original antigenic sin has been shown to occur in T cells upon 

infection of mice with related strains of lymphocytic choriomeningitis virus (LCMV) 

(134).  In these experiments re-infection with certain viral strains recalled the less 

effective primary response to the detriment of a de novo response to secondary 

antigen, leading to impaired viral clearance (134).  In addition, infection with 

heterologous virus may recall a memory response to a different primary virus 

challenge.  This may also alter immunopathology such as the fat necrosis, necrotising 

bronchiolitis and bronchiolitis obliterans seen in LCMV immune mice upon infection 

with vaccinia virus although in this instance heterologous immunity enhanced viral 

control (144).  In dengue there is also a possibility of crossreaction with other 

flaviviruses as dengue cocirculates with Japanese encephalitis virus in Southeast Asia 

and yellow fever virus in South America. 

In dengue virus infection there is a correlation between viral load and disease 

severity (116), and the high viral load has been attributed to antibody dependent 

enhancement (4, 5).  In this study, double tetramer staining suggested majority of 

dengue-specific T cells had relatively higher affinity for presumed previously 

encounter serotypes and lower for the currently infecting serotype.  The measurable 

tetramer response was low in the early acute samples and increased in the later 
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samples, so these cells had clearly been stimulated to proliferate by the currently 

infecting virus. In other words a single virus can stimulate the proliferation from 

memory of a spectrum of clones with different affinities and cross-reactivities. The 

finding that secondary infection with a virus carrying a similar but distinct epitope can 

stimulate the proliferation of cross-reacting, low affinity clones is consistent with the 

phenomenon of original antigenic sin. This is the first time that an original antigenic 

sin has been reported in a human pathogen. However an alternative explanation would 

be that the high antigen load associated with a second dengue infection, where 

immune enhancement occurs, may preferentially drive the high affinity T cells into 

apoptosis which would increase the frequency of lower affinity cells. This is other 

interesting area to be explored which may lead us to understand cross reactive T cell 

responses in viral infections. 

Dengue can also infect macrophages and dendritic cells (DC's), where it can 

proliferate and activate the DC's (47, 145). The effects of antibody dependent 

enhancement leading to high viral loads together with enhanced antigen presentation 

will lead to extensive T cell activation. Acutely, the CTLs are stunned with low IFN-γ 

expression and, for the reasons described above, a relatively high proportion of the 

activated clones may be of lower affinity and may not be very effective at clearing 

virus especially in the absence of IFNγ (143, 145), yet they may contribute to damage. 

A dynamic equilibrium is established between T cell activation and proliferation and 

cell death. The activation and death of these cells leads to cytokine release and 

immune mediated tissue damage which has been demonstrated to occur by provoking 

massive activation induced cell death of CD4+ and CD8+ T cells in several murine 

models (140, 146). 

Because of the scale of the dengue problem in tropical and subtropical countries 

there is currently much interest in the generation of a dengue vaccine. These efforts 

are hampered by two major factors: firstly the lack of an animal model for severe 

dengue infection and secondly the epidemiological evidence for secondary infection in 

severe dengue. A better understanding of the pathogenesis of DHF would enhance our 

ability to develop safe vaccines and also expedite clinical trials by reducing their 

perceived risks. 



Fac. of Grad. Studies, Mahidol Univ. 
 

 

Ph. D. (Immunology) / 101

In this study, CTL response restricted by one of the major Southeast Asian MHC 

class I subtypes was identified in secondary dengue infected patients. A detailed study 

of responses in a cohort of children with both primary and secondary T cell responses 

to infection was also necessary which may allow us to understand a role of the 

response in protection and disease severity. Larger studies will identify more CD8+ T 

cell epitopes restricted to other common HLA alleles in this endemic area such as 

HLA-A*24 and HLA-A*33, and it is reasonable to expect that some of these will be 

serotype specific. Once enough dengue epitopes are identified of, it may be possible to 

incorporate them into a dengue vaccine which would avoid the potential worries 

associated with antibody enhancement or cross reactivity in T cell responses to 

improve safety. 
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CHAPTER 7 

CONCLUSION 

 

 
This study has revealed novel dengue-specific T cell epitopes defined in the Thai 

population.  This has been followed by a detailed analysis of a CTL response during 

and after acute secondary dengue infection in a number of Thai children.  The results 

suggest a role for dengue-specific CTL responses in the development of dengue 

haemorrhagic fever (DHF). 

We used a modification of the overlapping peptide approach to identify of CD8+ 

T cell epitopes in dengue virus antigens.  Using the IFN-γ Elispot assay and peptide 

pool arrays, two novel dengue-specific epitopes were identified from normal healthy 

Thai adults.  The HLA-A*1101 restricted epitope GTSGTSPIIDKK (GTS), NS3134-144 

and the HLA-B*38 restricted epitope EAHFTDPASI (EAH), NS3286-295. Both of these 

are located in the NS3 nonstructural protein derived from the dengue serotype 2 

sequence. Focusing on the HLA-A*11/GTS-specific T cell response, is important as 

HLA-A*11 is the most prevalent HLA class I molecule in Thailand, and dengue-

specific CTL epitopes restricted to this HLA allele have not been previously defined. 

GTS-specific CTL responses against a total of six variants of the GTS epitope 

isolated from different dengue serotypes were quantified in normal healthy adult Thais 

and dengue infected patients using an IFN-γ Elispot assay.  There were differences in 

the magnitude, timing and relative intensities of the responses to the variant epitopes 

between individuals.  GTS-specific CTL responses were detected in one forth of 

samples from normal healthy Thai individuals whereas the responses were detected in 

all 2 week follow up samples from dengue-infected patients.  Comparing the CTL 

responses during and after the acute phase showed that almost all of the samples taken 

during the acute hospital admission showed low or undetectable CTL responses.  In 

contrast, all the follow up samples taken at 2 weeks and 2 months gave responses with 

a peak seen at 2 weeks. 
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HLA-A*11/GTS tetrameric complexes were constructed to study the responses 

to the novel HLA-A*11-restricted T cell epitope in more detail.  These dengue-

specific tetramers were constructed and used to directly quantify and characterise 

virus-specific CD8+ T cells in PBMC taken from normal healthy Thai individuals and 

dengue infected patients.  Although there was no IFN-γ production detected by Elispot 

during the acute phase, dengue-specific CD8+ T cells can be detected at low 

frequencies using tetramer staining.  Similar to what we observed in IFN-γ Elispot 

assay, the peak tetramer responses were found in the 2 week follow up samples.  The 

frequency of dengue-specific CD8+ T cells at 14 days was significantly higher in 

patients with DHF grade III than in those with DF, DHF grade I and II suggesting an 

association between the magnitude of dengue-specific response and disease severity.  

Phenotypic analysis of HLA-A*11/GTS tetramer reactive CD8+ T cell showed 

an early/intermediate differentiated memory phenotype in normal healthy individuals, 

whereas during the acute phase of infection, the phenotype of dengue-specific CD8+ T 

cells were of an activated effector phenotype, with high level of proliferation markers.  

In addition, in the acute setting, there is massive death in the dengue-specific T cell 

population.  

Although there was evidence of substantial cross reactivity among the variants, 

double staining of PBMC with variant tetramers demonstrated the existence of 

multiple T cell populations responsive to these epitopes.  These multiple cross reactive 

anti-dengue T cells recognise current and previously encountered viruses to differing 

degrees.  The cross-reactive T cells showed a lower binding affinity to antigen derived 

from the currently infecting virus when compared to serotypes which patients may 

have previously encountered.  The finding that secondary infection with a virus 

carrying a similar but distinct epitope can stimulate the proliferation of cross-reacting 

low affinity clones is consistant with the phenomenon of original antigenic sin.  In 

conclusion, the T cell activation and death may contribute to the systemic disturbances 

leading to severe disease, dengue hemorrhagic fever (DHF), and original antigenic sin 

in the T cell responses may suppress or delay viral elimination of current virus leading 

to higher viral loads and increased immunopathology. 
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These findings contribute our understanding of the role of dengue-specific CD8+ 

T cell responses in dengue haemorrhagic fever and may have implications for the 

development of vaccines against dengue virus in the future. 
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Appendix A 

 

Mapping pools of 210 overlapping peptides corresponding to envelope (E), and 

NS3 proteins of dengue virus serotype 2, strain 16681. 

 

Pool B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 
A1 E1-15 E16-30 E31-45 E46-60 E61-75 E76-90 E91-105 E106-120 E121-135 E136-150 

A2 E151-165 E166-180 E181-195 E196-210 E211-225 E226-240 E241-255 E256-270 E271-285 E286-300 

A3 E301-315 E316-330 E331-345 E346-360 E361-375 E376-390 E391-405 E406-420 E421-435 E436-450 

A4 E451-465 E466-480 E481-493 E6-20 E21-35 E36-50 E51-65 E66-80 E81-95 E96-110 

A5 E111-125 E126-140 E141-155 E156-170 E171-185 E186-200 E201-215 E216-230 E231-245 E246-260 

A6 E261-275 E276-290 E291-305 E306-320 E321-335 E336-350 E351-365 E366-380 E381-395 E396-410 

A7 E411-425 E426-442 E443-459 E460-476 E477-493 E11-25 E26-40 E41-55 E56-70 E71-85 

A8 E86-100 E101-115 E116-130 E131-145 E146-160 E161-175 E176-190 E191-205 E206-220 E221-235 

A9 E236-250 E251-265 E266-280 E281-295 E296-310 E311-325 E326-340 E341-355 E356-370 E371-385 

A10 E386-400 E401-415 E416-430 E431-445 E446-460 E461-476 E477-493 NS3581-595 NS3596-610 NS3611-619 

 

 
Pool D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 
C1 NS31-15 NS316-30 NS331-45 NS346-60 NS361-75 NS376-90 NS391-105 NS3106-120 NS3121-135 NS3136-150 

C2 NS3151-165 NS3166-180 NS3181-195 NS3196-210 NS3211-225 NS3226-240 NS3241-255 NS3256-270 NS3271-285 NS3286-300 

C3 NS3301-315 NS3316-330 NS3331-345 NS3346-360 NS3361-375 NS3376-390 NS3391-405 NS3406-420 NS3421-435 NS3436-450 

C4 NS3451-465 NS3466-480 NS3481-495 NS3496-510 NS3511-525 NS3526-540 NS3541-555 NS3556-570 NS3571-585 NS3586-602 

C5 NS3603-619 NS36-20 NS321-35 NS336-50 NS351-65 NS366-80 NS381-95 NS396-110 NS3111-125 NS3126-140 

C6 NS3141-155 NS3156-170 NS3171-185 NS3186-200 NS3201-215 NS3216-230 NS3231-245 NS3246-260 NS3261-275 NS3276-290 

C7 NS3291-305 NS3306-320 NS3321-335 NS3336-350 NS3351-365 NS3366-380 NS3381-395 NS3396-410 NS3411-425 NS3426-440 

C8 NS3441-455 NS3456-470 NS3471-485 NS3486-500 NS3501-515 NS3516-530 NS3531-545 NS3546-560 NS3561-575 NS3576-590 

C9 NS3591-605 NS3606-619 NS311-25 NS326-40 NS341-55 NS356-70 NS371-85 NS386-100 NS3101-115 NS3116-130 

C10 NS3131-145 NS3146-160 NS3161-175 NS3176-190 NS3191-205 NS3206-220 NS3221-235 NS3236-250 NS3251-265 NS3266-280 

C11 NS3281-295 NS3296-310 NS3311-325 NS3326-340 NS3341-355 NS3356-370 NS3371-385 NS3386-400 NS3401-415 NS3416-430 

C12 NS3431-445 NS3446-460 NS3461-475 NS3476-490 NS3491-505 NS3506-520 NS3521-535 NS3536-550 NS3551-565 NS3566-580 
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Appendix B 

 

Additional examples of Elispot responses to the dengue variant peptide as for 

Figure. 5.10 

Day-1 
Day0 
Day+1 
Day+2 
Day+14 
Day+60 
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Appendix C 

 

Additional examples of peptide titration assays as for Figure 5.11 
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Appendix D 

 

Additional tetramer staining of PBMC from 2 healthy donors, 2 patients with 

acute Den 1 infection and one patient with with Den 2 infection as for Figure. 

5.26. 
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