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ABSTRACT 
Dengue is a mosquito borne viral disease mostly transmitted through bites of infected 

Aedes aegypti. Epidemiological studies suggest that dengue has been rapidly spreading in 

tropical and sub-tropical countries imposing a significant health, economic and social 

burden. The geographical expansion of four dengue virus serotypes (DENV1-4) signifies the 

need for serotyping of dengue virus for proper surveillance and epidemiological studies. 

Dengue virus serotypes share 65% similarities in their genome but genetic variation can be 

observed even within single serotype. The understanding of changing pattern of dengue 

virus serotypes is important. Cellular immunity plays a vital role during dengue infection. 

CD8 T cells have been responsible for both protection and immunopathology in dengue 

patients. Though various epidemiological studies regarding dengue has been carried out but 

the study about immunological response in dengue patients is not done in Nepal.  

In this study, serotyping of dengue virus was performed and the change in pattern of 

serotype was observed. We used selective clinical samples available from two different 

hospitals of Nepal in 2016 and 2017. RNA was extracted from serum samples and Real-Time 

PCR was performed. The serum samples were collected from confirmed dengue cases. The 

samples labeled with the antibodies lysed with FACS lysing solution after incubation , were 

stained and run in a flowcytometer. Then the data was obtained for further analysis in 

Flowjo. The flow cytometer analysis of dengue positive samples from 2017 was carried out 

for the study of immunological response in dengue patients in BD FACS Calibur. The 

percentage of CD4 and CD8 T cells in dengue patient was estimated.  

Change in pattern of dengue serotype was observed between two different years. DENV1 

was found prevalent in 2016 whereas DENV2 was found prevalent in 2017. The percentages 

of CD4 cell of samples were similar to that of control whereas the percentage of CD8 cells in 

dengue positive samples were higher than that of control.  

Hence, Real-Time PCR is rapid and effective method for serotyping of dengue virus. There 

was a pattern change observed in dengue virus serotype in the samples of two consecutive 

years. The increase in percentage of CD8 cells was due to dengue infection.  

Keywords: Dengue, Serotyping, Real Time PCR, FACS, T cells 
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CHAPTER ONE 

INTRODUCTION 

1.1 Background 

 In the last five decades, dengue has appeared as one of the most important infectious 

diseases. Evidence indicates the expansion of dengue virus endemic areas and consequently 

the exponential increase of dengue virus infections across the subtropics is in increasing 

trend. The clinical manifestations of dengue virus infection include sudden fever, rash, 

headache, myalgia and in more serious cases, spontaneous bleeding. These manifestations 

occur in children as well as in adults. Defining the epidemiology of dengue in a given area is 

critical to understanding the disease and devising effective public health strategies (Kosasih 

et al., 2016). 

Today, 40% of world’s population is at risk of dengue infection. Dengue is endemic in at 

least 100 countries in Asia, the Pacific, the Americas, Africa, and the Caribbean. The World 

Health Organization (WHO) estimates that 50 to 100 million infections occur yearly, 

including 500,000 DHF cases and 22,000 deaths, mostly among children. The global 

spreading of principal vector of dengue virus led to rapid spread of dengue virus all over the 

world. Various human activities like slave trade, migration, intercountry and continental 

commerce and two devastating world wars led to major impact of dengue virus globally in 

early and mid-20th century. It was found that from 1960 to 2010 there has been more than 

30 fold escalation in dengue incidence (Gubler, 1998). 

1.2 Burden of disease: 

Dengue imposes a significant health, economic and social burden on the populations  of 

endemic areas. The estimated number of disability-adjusted life years (DALYs) lost to 

dengue in 2001 was 528 at global level. Annually about 0.4 to 1.3 million cases were found 

to be reported in WHO in the decade 1996 - 2005. The number of dengue cases varies 

significantly from year to year as it is an infectious disease. The full burden of dengue is yet 

to be understood due to the misdiagnosis and underreporting of many cases of dengue 

infection which is posing a problem to understand the exact burden of dengue ( 

http://www.who.int/tdr). The overall cost of officially reported dengue is of US$ 440 

million. This estimate ignores the underreporting of cases and substantial costs associated 

with dengue surveillance and vector control programs. The various studies are being 
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conducted which led to a conclusion that a treated dengue case imposes significant costs on 

both the health sector and the overall economy. The availability of vaccine could have 

prevented much of this burden of dengue infection.  There is  a higher risk of severe dengue 

to occur in children (Guzmán et al., 2002).  

Severely ill patients require intensive care, including intravenous fluids, blood or plasma 

transfusion and medicines. Dengue troubles mostly all peoples of society but the burden 

may be higher among the poor people due to the improper manangement of waste and 

water supply in their areas which may favour a rapid multiplication of the main vector, 

Ae.aegypti (Campos et al., 2017). 

 

1.3 The virus: 

Family   :Flaviviridae 

Genus     :Flavivirus 

Species    :Dengue viruses (DENV) 

Serotype   :(DENV-1,2,3,4) 

Nucleic  Acid type :Single stranded RNA 

Sense   :Positive sense  

Nucleotides  :10.7 kb  

Dengue virus (DENV) is a small single-stranded RNA virus which consists of four distinct 

serotypes (DENV-1 to 4). The four serotypes of the dengue are closely related and belong to 

the genus Flavivirus, family Flaviviridae. The virion of the dengue virus is spherical with a 

diameter of 50nm which contains a single copy of a positive-sense, single-stranded RNA 

genome, multiple copies of the three structural proteins and a host-derived membrane 

bilayer. The genome of dengue virus is cleaved by host and viral proteases in three 

structural proteins (capsid, C, prM, the precursor of membrane, M, protein and envelope, E) 

and seven nonstructural proteins (NS). Easily distinguishable genotypes have been 

identified within each serotype, which highlights the extensive genetic variability of the 

dengue serotypes.   The viruses that are “fit” for both human and vector are evolved and 

maintained which is based on purifying selection that appears to be a dominant theme. The 

“Asian” genotypes of DENV2 and DENV-3 are frequently associated with severe disease that 

accompanies secondary dengue infections. Intra-host viral diversity has also been described 

in human hosts which are termed as quasispecies. 
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1.3.1 Virion Morphology: 

 The virion  of dengue virus, is spherical with 40-50 nm  diameter. It is a nucleocapsid of 

about 30 nm diameter that is enclosed in a lipid envelope. The nucleocapsid contains the 

viral capsid and RNA genome. The lipid envelope consists of a lipid bilayer, an envelope 

protein between 51,000 and 59,000 daltons which plays significaaant role in attachment, 

fusion, and penetration, and a small non-glycosylated internal matrix protein of 

approximately 8,500 daltons. The envelope protein is glycosylated in most flaviviruses and is 

exposed on the virion surface (Schmaljohn& McClain, 1996 and Suleman et al., 2016). 

 

Figure 1. 1 Structure of the dengue virion (E: enveloped protein and M: Membrane 
protein, the virus contains RNA as genome and different proteins such as structural and 
non structural proteins 

1.3.2 Genomic Organization of dengue virus 

Genome of dengue virus is single stranded , positive sense RNA, which is 10 to 11 Kb in 

length. The genome is enveloped with lipid membrane and is spherical with an icosahedral 

symmetry (Disabelle, n.d.). A short transmembrane segment helps in attachment to the 

surface of viral membrane. The genome encodes a single polyprotein which is cleaved into 

ten mature peptides. Ten mature peptides include 3 structural and 7 non- structural 

proteins. Three structural proteins include capsid(C) protein, the envelope(E) glycoprotein 

and the membrane (M) protein. Furine mediated cleavage from prM precursor leads to the 

formation of membrane protein. The role of E glycoprotein bears neutralization epitopes 

and helps in attachment of virion to receptor and fusion of target cell membrane with virus 

envelope. Seven non structural proteins include NS1, NS2A, NS2B, NS3, NS4A, NS4B, NS5. A 

short non coding region is present on both 5’ and 3’ end. (“ 

http://www.denguevirusnet.com/,”) 
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Figure 1. 2 Genomic Structure of Dengue virus 

The genomic organization of the dengue virus, is relatively simple in comparasion to other 

arboviral families. It contains a single translated open reading frame (ORF) that encodes a 

precursor polypeptide of around 3390 amino acids which is organized catalytically into ten 

viral proteins. There is no evidence of alternative or overlapping reading frames that are 

translated.  

The DENV ORF is flanked at its 5’ terminus by an untranslated region (UTR) of about 100 

nucleotides and a longer UTR of about 500 nucleotides at its 3’ terminus. The 5’ terminus of 

the genome has a type I cap (m7GpppAmp) and there is no polyadenylation of the 

3’terminus. The translated polyprotein is cleaved co- and post-translationally by viral and 

host proteases into ten viral proteins: three structural proteins including C,capsid; prM/M, 

precursor of membrane; E, envelope encoded at the 5’ end of the ORF, and seven non-

structural proteins including NS1, NS2A, NS2B, NS3, NS4A, NS4B and NS5 encoded at the 3’ 

end (Figure 1.3). The three structural proteins comprises of the DENV virion: the capsid 

protein surrounds the viral RNA genome to form the nucleocapsid, whereas the prM and E 

proteins are embedded in the lipid bilayer that forms the viral envelope. The cleavage of the 

prM into the membrane (M) 13 protein by furine which takes place during viral release has 

been shown to be a prerequisite for the production of mature infectious virions. E protein is 

the most studied among three structural proteins as it is the major constituent of the virus 

envelope. It is glycosylated at two sites and is responsible for attachment of virus to 

receptors of susceptible host cells and for fusion with cell membranes. The E glycoprotein 

also contains the main epitopes recognized by neutralizing antibodies ( Campos et al., 

2017). Such epitopes are also found to a lesser extent on the M glycoprotein (Filomatori et 

al., 2017). 
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Figure 1. 3 Schematic diagram of genomic organization of Dengue virus (C: Capsid protein; 
PrM: Pre-Membrane protein; E: Enveloped protein; NS1-5: Non-Structural protein 1-5) 

1.3.3 Serotype 

In 2004, the first case of Dengue fever was reported in Nepal. The isolation of dengue virus 

type-2 was done from a dengue patient returning to Japan from Nepal in October 2004. The 

virus was found to be dengue virus serotype 2. This was the first isolate of dengue virus 

from Nepal whose nucleotide showed closest homology to dengue virus serotype 2 isolate 

from India in 2008 (Takasaki et al., 2008). 

DENV-1, DENV-2, DENV-3, DENV-4 are causative of dengue virus infection which are closely 

related. Each virus has different interactions with antibodies in human blood serum due to 

which four viruses are called serotypes. The four viruses has approximately 65% similarities 

in their genome but genetic variations can be observed even within single serotype. Though 

there is genetic variation, infection with all 4 dengue serotype results in same disease and 

same range of clinical symptoms. 

1.4 The vectors: 

The different serotypes of the dengue virus are transmitted to humans through the bites of 

infected Aedes aegypti. Aedes aegypti is a tropical and subtropical species which has wide 

distribution around the world, mainly between latitudes 35 0N and 35 0S. Ae. Aegypti is not 
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found above 1000 meters due to lower temperatures. The larvae are found in water-filled 

habitats, mostly in artificial containers in close association with human dwellings. Various 

studies says that Ae. Aegypti may spend their lifetime around the area where they emerge 

as adults which suggests that not mosquitoes but people move the virus within and 

between communities.  

Aedes albopictus, Aedes polynesiensis and several species of the Aedes scutellaris complex 

has a particular ecology, behaviour and geographical distribution and are associated with 

Dengue outbreaks.  It was reported that in recent decades Aedes albopictus has spread 

from Asia to Africa, the Americas and Europe, especially aided by the international trade in 

used tyres which contained deposited eggs in rainwater. This spread might have happened 

as eggs can remain viable for many months in the absence of water. 

1.5 The host 

When infection by any of the four virus serotypes of Dengue virus takes place, after an 

incubation period of 4-10 days, a wide spectrum of illness, although most infections are 

asymptomatic or subclinical occurs.  A lifelong protective immunity to the infecting serotype 

is induced after Primary infection (Halstead, 1974).  

Within 2-3 months of the primary infection the infected individual is protected from clinical 

illness with different serotype but there is no long-term cross-protective immunity. 

The various risk factors associated with different individual determine the severity of 

disease. The factors include secondary infection, age, ethnicity and associated chronic 

diseases (bronchial asthma, sickle cell anemia and diabetes mellitus) with the individual. 

Young children are at high risk of severe dengue as they may be less able than adults to 

compensate for capillary leakage. 

Seroepidemiological studies suggests that secondary heterotypic infection poses a great 

threat being  a risk factor for severe dengue, even though there are a few reports of severe 

cases associated with primary infection(Halstead et al, 1970).  

During primary infection of infants who are born to dengue-immune mothers the infants 

frequently have severe dengue.  Antibody-dependent enhancement (ADE) is the mechanism 

to explain severe dengue which usually takes place in the course of a secondary infection 

and in infants with primary infections. 

 In this model, during a primary infection, non-neutralizing, cross-reactive antibodies are 

raised or acquired passively at birth, which bind to epitopes on the surface of a 
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heterologous infecting virus and ease virus entry into Fc-receptor-bearing cells. The leads to 

increase in number of infected cells which result in a higher viral burden and induction of a 

vigorous host immune response that includes inflammatory cytokines and mediators, some 

of which might contribute to capillary leakage . Cross-reactive memory T-cells are also 

rapidly activated, proliferated, express cytokines and die by apoptosis in a manner that 

generally correlates with overall disease severity during secondary infection. The clinical 

outcome of infection might be due to influence of host genetic determinants but this issue 

is yet to be addressed properly (Kouri et al. , 1989). 

Studies in the American region shows that the rates of severe dengue is lower in individuals 

of African ancestry than those in other ethnic groups (Sierra et al., 2007). 

While an infected mosquito is taking a blood meal, the dengue virus enters via the skin. The 

virus is present in the blood during the acute phase of illness and defervescence occurs 

during its clearance. The association of plasma leakage is found to be with functional effects 

on endothelial cells. Endothelial cell dysfunction might have been caused due to activation 

of infected monocytes and T cells, the complement system and the production of 

mediators, monokines, cytokines and soluble receptors. Alterations in 

megakaryocytopoieses by the infection of human haematopoietic cells and impaired 

progenitor cell growth, might lead to Thrombocytopenia resulting in platelet dysfunction, 

increased destruction or consumption.  

In summary during severe dengue, a temporary and reversible imbalance of inflammatory 

mediators, cytokines and chemokines occurs which might have been driven by a high early 

viral burden, and leading to dysfunction of vascular endothelial cells, derangement of the 

haemocoagulation system then to plasma leakage, shock and bleeding. 

1.6 Transmission  

The multiplication of virus takes place majorly inside human host. During feeding female 

mosquitoes ingests dengue virus circulating in the blood of viraemic humans, which then 

infects the mosquito mid-gut and subsequently spreads systemically over a period of 8-12 

days. The virus is then further transmitted to other hosts during subsequent mosquito 

feeding. Ambient temperature influences the extrinsic incubation period. Afterwards, the 

mosquito remains infective for the rest of its life.  

The anthropophilic nature of Ae.Aegypti makes it one of the most potent vector for dengue 

infection as it frequently bites several times before completing oogenesis, and blooms in 

close proximity to humans. The significance of vertical transmission of the virus is not well 

understood. Sylvatic dengue strains may also lead to human infection that might cause mild 
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illness. Hostpathogen interactions , environmental and climatic  factors and population 

immunological factors has great influence on the dynamics of virus transmission. Vector-

borne disease is directly influenced by climate as it plays vital role in biology of the vectors 

and also their abundance and distribution. 

1.7 Dengue Infection 

Dengue is a mosquito-borne viral disease that is transmitted by female mosquitoes mainly 

of the species Aedes aegypti and, to a lesser extent, Ae. albopictus. This disease is generally 

spread throughout the tropical area, with local variations in risk influenced by rainfall, 

temperature and unplanned urbanization(“WHO | Dengue and severe dengue,” 2017). 

Dengue  is caused by one of the four serotypes of the dengue virus (DENV 1-4) which is a 

RNA virus that belongs to the genus Flavivirus of the family Flaviviridae (Lam et al., 2013). 

Dengue virus being a leading cause of illness and death in the tropics and subtropics more 

than one third of world’s population are living at area of risk of its infection.(“Dengue | 

CDC,” n.d.) 

Dengue virus infections may be asymptomatic or may lead to undifferentiated fever, 

dengue fever (DF) or dengue haemorrhagic fever (DHF) with plasma leakage that may lead 

to hypovolemic shock called dengue shock syndrome  (WHO) and (TDR), 2009). 

 

 

 

 Figure 1. 4 Chart showing manifestation of Dengue infection(World Health Organization 
(WHO) and the Special Programme for Research and Tropical Diseases (TDR), 2009) 

1.7.1 Dengue Fever (DF) 

 Dengue fever is mostly found to have occurred in children and adults that is characterized 

by sudden onset of fever and various signs and symptoms that are non-specific. This 
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includes nausea and vomiting, retro-orbital pain, weakness, joint pains and rash(“Dengue 

haemorrhagic fever,” 1997).The temperature during dengue fever may rise to 105 degree 

Fahrenheit lasting for 2 to 7 days. Despite fever, a relative bradycardia in which a person 

has slow heart rate may also be noticed. In addition, lymphadenopathy, a disease of lymph 

nodes, is commonly found. Rashes can be variable and found as either early or late eruption 

in about 50 % of the patients; and when temperature of body falls to or below normal, 

scattered or confluent petechiae may appear. Dengue fever is rarely fatal and is self-

limiting. The disease could have acute phase that lasts for 3 to 7 days and the convalescent 

phase that lasts for several weeks. In adults, convalescent phase is reported to be 

associated with weakness and depression (Gubler, 1988). With dengue viral infection, no 

permanent sequelae are known yet. 

1.7.2 Dengue Hemorrhagic Fever (DHF) and Dengue Shock Syndrome(DSS) 

Major clinical manifestation of DHF includes high fever, hemorrhagic phenomena, and 

often, hepatomegaly and circulatory failure. DHF is primarily characterized by sudden onset 

of fever. Dengue Shock Syndrome (DSS) is a syndrome due to the dengue virus that tends to 

affect children under 10, causing abdominal pain, hemorrhage (bleeding) and circulatory 

collapse (shock). It is difficult to distinguish from dengue fever during acute phase of illness 

as no signs or symptoms of dengue hemorrhagic fever is observed. Although no 

pathognomonic signs and symptoms are observed during acute stage, when fever remits, 

plasma leakage leads to clinical manifestation which can lead to accurate clinical diagnosis. 

Defervescence time is regarded as the critical stage of DHF. After temperature falls to 

normal or below, signs of circulatory failure or hemorrhagic manifestation can sometimes 

occur from 24 hours before to 24 hours after the temperature becomes normal. During 

classic DHF, hemoconcentration indicating plasma leakage occurs but is more severe in 

patients who have shock syndrome. Hemoconcentration can be observed as an evidence of 

vascular leakage syndrome. Ecchymoses, petechiae, purpuric lesions are included as 

common hemorrhagic manifestations.  Thrombocytopenia occurs between 3 to 8 days of 

illness during which platelet count is ≤100,000/mm. Hepatomegaly though is not constantly 

found but it is a said to be common in patients with DHF. Capillary fragility is indicated by 

tourniquet test.(Gubler, 1998) 

 

 

 

https://www.medicinenet.com/abdominal_pain_causes_remedies_treatment/article.htm
https://www.medicinenet.com/shock/article.htm


  INTRODUCTION 

   11 
 

Figure 1. 5 Schematic diagram showing dengue infected cell 

1.8 Real Time PCR 

Real time PCR is the most reliable method of detection and measurement of products 

generated during PCR which is equivalent to the amount of template present at start of PCR 

process. TaqMan probe is a fluorogenic non extendable probe which has a fluorescent 

reporter dye attached to its 5’ end and a quencher dye at its 3’ end. The fluorogenic probe 

anneals downstream from primer site which is cleaved by the 5’nuclease activity of Taq 

polymerase enzyme during extension phase when the target sequence is present. When the 

target sequence is not  present ,the probe is intact, fluorescence resonance energy transfer 

occurs which leads to the absorbance of the fluorescence emission of the reporter dye by 

the quenching dye. When taq polymerase cleaves probe during PCR the separation of 

reporter and quencher dyes takes place which increases fluorescence from reporter dye. 
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After the cleavage, the probe is removed from target strand, which allows primer extension 

to continue to end of template strand which does not interfere with exponential 

accumulation of PCR product. The additional reporter dye molecules are cleaved in each 

consecutive cycle which in turn leads to increase in fluorescence intensity that is 

proportional to amount of amplicon produced. 

Taqman Probe: A forward primer, a reverse  primer and a probe is used. The assay is 

dependent on 5’ to 3’ nuclease activity of Taq Polymerase. The probe has Fluorescent 

reporter and quencher dye covalently bonded at the 5’ and 3’ ends respectively. The 

intactness of probe leads to occurence of FRET which is due to proximity of the reporter and 

quencher dye as a result of which flouorescence emission does not occur. When target 

sequence is present, during PCR the annealing of probe to target takes place and taq 

polymerase cleaves probe allowing an increase in fluorescence emission. The intensity of 

fluorescence is increased in proportion to amount of amplicon produced.(Arya et al., 2005) 

 

Figure 1. 6 Schematic diagram shoeing quenching of fluorescence and emission of 
fluorescence 

On the basis of fluorescence emission data the computer software constructs amplification 

plots. Baseline describes about the PCR cycles in which a reporter fluorescence signal 

accumulates but is below the limit of detection by the machine. 

Δ RN:  It is the difference between fluorescence emission of product at each time point and 

fluorescence emission of baseline.  
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Threshold: It is arbitrary value choosen by computer being based on variability of baseline. 

The threshold cycle for a sample is a fluorescent signal which is detected above the 

threshold. 

Ct: Ct is defined as the fractional number of PCR cycle at which reporter fluorescence is 

greater than the threshold (minimum detection level). The essential component in 

production of accurate and reproducible data is based on Ct which is a basic principle of 

Real time PCR (Higuchi et al., 1993). The lower Ct value indicates greater amount of target 

nucleic acid present in the sample. 

During the early cycles of PCR exponential amplification of target sequence takes place 

which is the time when Ct value occurs. If more template is present at beginning of the 

reaction, a fewer number of cycle can lead to a  point at which fluorescent signal is recorded 

statistically significant above the background (Higuchi et al., 1993). 

 

Figure 1. 7 Schematic diagram of the Real Time PCR reaction run 

1.9 Immunopathology of Dengue Virus 

When mosquito takes a blood meal infection initiates in host skin and immune cells and 

viral replication and inflammation will begin in organs such as liver and spleen. The 

dissemination of viraemia leads to production of CC chemokines in blood, liver and spleen 

which leads to local damages. 

Since T cells are major sources of IL-17 in the liver which along with CC chemokines 

contribute to the massive inflammatory response observed during DHF/DSS, targeting the 
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CC chemokines, IL-17A and IL-1 family of cytokines may represent an effective adjunct 

therapy to attenuate the severity of disease manifestations observed in DHF/DSS 

(Guabiraba & Ryffel, 2014). 

 

Figure 1. 8 Schematics showing the intricate role of chemokines, cytokines and 
inflammatory leucocytes in the pathogenesis of dengue virus (DENV) infection(Guabiraba 
& Ryffel, 2014)  

 

1.10 Immunity against dengue virus 

Humoral immune responses are thought to contribute to virus clearance via the generation 

of neutralizing antibodies and cellular immune responses are thought to contribute to virus 

clearance via the activation of CD4+ and CD8+ T lymphocytes. Innate host defence also 

plays role in limiting infection by the virus. After infection, serotype specific  and cross-

reactive antibodies and CD4+ and CD8+ T cells are found in body for years. The immune 

response, the genetic background of the individual and the virus characteristics may all 
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contribute to severe dengue which is characterized by plasma leakage, haemoconcentration 

and abnormalities in homeostasis. 

1.10.1 CD4 T cells 

CD4 is considered as a glycoprotein encoded by a gene called CD4 gene in humans which 

plays a major role in the immune system and lies on the surfaces of some immune cells T 

helper cells. Antigens presented by Major Histocompatibility Complex (MHC) Class II  are 

recognized by CD4+ T cells and are activated in order to kill intracellular microorganisms by 

releasing cytokines (Acharya et al., 2016). 

1.10.2  CD8 T cells 

CD8+ (cytotoxic) T cells, are generated in the thymus and express the T-cell receptor. They 

express a dimeric co-receptor, usually composed of one CD8α and one CD8β chain. The 

peptides presented by MHC Class I molecules are recognized by CD8+ T cells. CD8 T cells are 

vital for defense against viruses, bacteria and other intracellular pathogens. 

When a CD8+ T cell recognizes its antigen and becomes activated, it secretes cytokines, 

primarily TNF-α and IFN-γ, which have anti-tumour and anti-viral microbial effects. The role 

of CD8 T cells in immune defense against viruses is very important and it can also result in 

excessive immune response which further leads to immunopathology, or immune-mediated 

damage.(“CD8+ T Cells | British Society for Immunology,” )  

1.11 Flow cytometry  

Flow cytometry is very importat immunological technology used for rapid cell count 

analysis. It forms the pillar for a basic blood count test. Enumeration of cells is done in a 

liquid flow using flow cytometry. The cells to be enumerated are either tagged with 

fluorescent antibodies or are stained and suspended in a liquid stream within a flow cell. 

The sheath buffer maintains pressure in such a way that ensures the cells flow in a narrow 

stream toward the laser source, and the beam hits only one single cell at a time. The light 

which is incident on the cell is then scattered forward as well as sideways. The scattered 

light is then captured by the optics in the analyzer and is directed to the detector. The cells 

are generally analysed on the basis of their shape, size as well as internal complexity 

(“http://www.thyrocare.com”). 

Multicolor T-lymphocyte marker panels employs Flow cytometric cell sorting of T-

lymphocytes (CD3-positive) into CD4-positive and CD8-positive cell populations The addition 

of antibodies against additional CD molecules allows further characterization of each sub-

population through quantification and evaluation of different T-cell subsets. From T-cell 

population count we can conclude that depletion of a specific cellular population can 
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indicate of progression of a disease, while increment of another cell population may be 

indicative of a response to treatment. 

Fluorometric detection for flow cytometry: Use of directly labeled primary antibodies are 

more preferred because non-specific binding is avoided, multiplexing is possible with 

antibodies from the same species as there is no secondary antibody incubation step and 

therefore fewer wash steps are present. However, the main reason for this is that direct 

labeling of primary antibodies with detection moieties such as fluorescent dyes can be a 

complicated and time-consuming process, which requires specialist knowledge (“Flow 

cytometry for CD4+ and CD8+ T cells – Expedeon,”). 
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1.12 Rationale of the study: 

Dengue being a major public health issue of Nepal, the first goal of this research is to 

determine serotype of dengue virus by using Real Time PCR. The serotype of dengue virus 

keeps on changing in every outbreak so this study aims at determining prevalent serotype 

and its comparison with serotype that occurred during previous outbreak. Mostly, the 

infection with one serotype does not provide immunity against other serotype. If a patient 

is initially infected with dengue then during secondary infection the possible chances of 

fatal outcomes can be avoided. Therefore, it is very vital to know about the affecting 

serotype for efficient treatment of the patients. Real Time PCR is one of the efficient 

technique which is approved by FDA and supported by CDC. The test performed by using 

CDC kit is most reliable. 

Estimation of T cells present in circulating peripheral blood of dengue patients is second aim 

of our research. In Nepal till date immune studies in dengue patients are not studied so this 

is the first attempt to study immune cells involved in protection and immunopathology of 

dengue patients. This research will provide a picture of immunity in Nepalese population 

against dengue. The kind of research being carried out in our department has good impact 

in dengue research field of Nepal. 

The proper understanding of the cellular immunology during dengue infection will be 

valuable to correlate protective T cell immunity and to find immunologic markers predictive 

of disease severity which can further help in vaccine development. 

The proper understanding of the contribution of cell-mediated immunity, particularly the T 

cells response, in protection and severity of secondary dengue infection has become very 

necessary. 
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1.13 Objectives 

1.13.1 General Objectives 

 Serotyping of dengue virus and estimation the T cells involved during dengue 

infection. 

1.13.2 Specific Objectives 

• Serotyping of dengue virus by one step Real-Time PCR. 

• Estimation of T-cells circulating in peripheral blood of dengue patients by using BD 

FACS Calibur.  

• Analysis of sub population of T cells (CD4 and CD8) in peripheral blood of dengue 

patients. 

• Comparison of cellular immune response in dengue patients and healthy control. 

1.14 Research Hypothesis 

1.14.1 Null Hypothesis  

 There is not presence of different serotypes in the sample of year 2016 and 2017. 

 CD8 T cells will be same in both control and samples 

 1.14.2 Alternate Hypothesis 

 There is presence of different serotypes in the sample of year 2016 and 2017. 

 CD8 T cells will be higher in sample than in controls. 
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 History of global spread of dengue virus types 

The four dengue viruses were found to be originated in monkeys which later independently 

jumped to humans in Africa or South East Asia between 100 and 800 years ago.  Until the 

middle of the 20th century dengue was considered as a relatively minor, geographically 

restricted disease. The transportation of Aedes mosquitoes during the Second World War 

are thought to have played a crucial role in the dissemination of the viruses. Dengue 

Hemorrhagic Fever (DHF) was first documented only in the 1950s during epidemics in the 

Philippines and Thailand.  It was not until 1981 that large numbers of DHF cases began to 

appear in the Caribbean and Latin America, where highly effective  Aedes control programs 

had been in place until the early 1970s (“Dengue | CDC,” n.d.). 

2.1.1 DENV1 

 

Figure 2. 1 Global spatial distribution of confirmed DENV1 occurrences by time period 

The first reporting of  DENV1 was in 1943 in French Polynesia and Japan. It was followed by 

reports in Hawaii in 1944 and 1945. The reporting of DENV1 in the Asian region started after 

late 1950s. It was first reported in Africa in 1984 in Sudan. DENV1 was not reported in the 

Americas until 1977, when it was recorded in Barbados, Cuba, French Antilles, Grenada, 

Paraguay, and Puerto Rico. When initial reporting of dengue in various regions occured, 

reporting increased continously across the region over the next few decades, mostly in 

Brazil, Mexico, and Puerto Rico. In the 1980s and 1990s, Colombia, Costa Rica, French 

Guiana, Paraguay, Peru, and Venezuela began having more sustained reports .The reporting 
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of DENV1 peaked in 2005–2006, which might have happened due to recorded occurrences 

in the Americas. It was after 1983 when the Pan American Health Organization (PAHO), in 

collaboration with the US Centers for Disease Control (CDC) Dengue Branch in Puerto Rico, 

the proper laboratory surveillance networks was initiated with technical assistance which 

increased the reporting of DENV cases. 

2.1.2 DENV 2 

 

Figure 2. 2 Global spatial distribution of confirmed DENV2 occurrences by time period 

In 1944 in Papua New Guinea and Indonesia, DENV2 was first reported which was followed 

by the Philippines in 1954 and 1956. Since the early 1960s Malaysia and Thailand have 

reported many consecutive years of DENV2 occurrence, and since the early 1970s  

Indonesia reported many consecutive years of DENV2 occurrence .In China, India, the 

Philippines, Sri Lanka, and Singapore, DENV2 is reported to have occured continuously since 

the 1980s. DENV2 was reported in Nigeria multiple times between 1964 and 1968, but has 

not since been reported there in Africa. Sporadic occurrences have since been reported in 

the African region from Goban in 2010 and Kenya in 2013. Though not continuous, DENV2 

was reported in the Americas as early as 1953 in Trinidad and Tobago., but during late 

1960s and early 1970s, DENV2 was notably reported in Puerto Rico. Frequent reporting of 

DENV2, occurred in Latin American countries since this time with continuous reporting in 

Brazil in particular since 1984 accounting for the majority of reporting of this type globally. 

An increase in the number of the more severe hemorrhagic fever (DHF) cases in the 

Americas occurred in the 1990s, which might have happened  due to the replacement of the 

American DENV2 genotype with an imported and more virulent Asian one ( Hesse et al., 

1997). A noticeable rise in DENV2 reporting occured in this region since that time, which 

might be due to increase in DHF cases. DENV2 has been reported in largest number in 2005, 

with over 100 areas worldwide, primarily in the Americas. 
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2.1.3 DENV3 

 

Figure 2. 3 Global spatial distribution of confirmed DENV3 occurrences by time period 

DENV3 been reported in Asia every year since 1962 and was first reported in 1953 in the 

Philippines and Thailand. Though DENV3 has been reported in many countries in Asia 

throughout study period, Thailand most notably reported DENV3 every year between 1973 

and 2010, with the most widespread reporting occurring between 1999 and 2002. It has 

been reported frequently since the 1970s in Malaysia and Indonesia and since the early 

1980s in Sri Lanka. Since the mid-1990s, DENV3 is being consistently reported in China, 

Vietnam, Cambodia, and Singapore .It was first reported in the Americas  in Puerto Rico in 

1963, until 1978, and then again from 1994 to 2008 owing to the introduction of a new 

DENV3 genotype from Asia. Between the late 1980s and early 2000s majority of other 

countries in the Americas started reporting dengue infections. In the mid-2000s widespread 

reporting occurred in Brazil. In Africa, DENV3 has rarely been reported since the first reports 

in 1984–1985 in Mozambique, most occurence being sporadic, with the exception of more 

frequent reporting between 1994 and 2009 in Saudi Arabia (Messer, Gubler, Harris, 

Sivananthan, & de Silva, 2003). 

2.1.4 DENV4 

 

Figure 2. 4 Global spatial distribution of confirmed DENV4 occurrences by time period 
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The reporting of DENV4 took place first in 1953 in the Philippines and Thailand after which 

yearly reporting of DENV4 has occurred in this region. The most frequent reporting took 

place in Thailand whose most widespread reporting occurred between 1999 and 2002. 

DENV4 has been also reported almost yearly in Sri Lanka since 1978. Until 1981, DENV4 was 

not reported in the Americas. After 1981 reporting has occurred yearly in Brazil, Cuba, 

Dominica, Puerto Rico, and the US Virgin Islands. 

Although reporting by country has not been as consistent as for other DENV types, periods 

of more frequent reporting have occurred in the Indochina region as well as Indonesia, 

India, Myanmar, and French Polynesia. DENV4 was not reported in the Americas until 1981, 

when it was reported in Brazil, Cuba, Dominica, Puerto Rico, and the US Virgin 

Islands.(Messina et al., 2014) 

2.2 Dengue in Nepal  

The study of Dengue virus and its infection was the immediate need from the very 

beginning when the infection was seen. The study was thus initiated when 876 patients of 

Kathmandu valley were considered but the study did not provide any indicative result. 

Among screened sera from 103 Patients presenting acute fever, eight individuals were 

tested positive for Dengue-specific IgM which led to a conclusion that DENV was 

transmitted in Kathmandu and surrounding hills as published in report of 2007 (Blacksell et 

al., 2007). About 80% of positive cases were found to be from terai people (Malla et al., 

2008).  In 2009 from June to September, cross sectional study was carried out and overall 

anti- IgM positivity was 12.17% with greatest occurrence in Kanchanpur which was followed 

by Chitwan (Poudel et al., 2012).  Again, independent study was carried out in Nepal from 

2010 January to 2011 December. This study showed 8.5% overall seropositivity among 

clinically suspected patients. During December 2010 when most number of cases were 

occurred the rate rose to 90.4%. This is supposed to be the largest outbreak of dengue in 

Nepal to date. Significant irregularities in case reporting have been found to have occurred 

at official level due to various lacking programmes and policies. For 2010 epidemic, DENV1 

was found to be responsible which showed phylogenetically close relationship to 

predominant Indian strain ( Pandey et al., 2013). 

More than half of the Nepalese current population lives in areas where they are at risk of 

infection. Though the major factor related with emergence and rapid spread of dengue is 

yet to be analyzed, the most probable cause might be the increase in number and 

geographical range of vectors which is facilitated by their transmission due to suitable 

conditions. The febrile nature of Dengue and its undifferentiated and nonspecific disease 

symptoms overlap with other viral infections (Fernandez et al., 2013). The report are mostly 
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focused to the economically strong areas and does not include areas of relative social 

deprivation where disease is more likely to occur which can lead to a conclusion that the 

accurate burden of dengue in Nepal yet remains unknown ( Vector Borne Diseases,). 

2.3 Serotyping of Dengue virus  

There are four serotypes among the Dengue viruses (DENV-1, 2, 3, & 4) that have no cross-

protective immunity in infected patients which in turn increases the complexity of this 

disease. Recently antigenically distinct sylvatic strains contributing to human cases was 

observed which signifies existence of  fifth serotype of dengue virus (Perdomo-Celis et al, 

2017). 

In 1991, a report on the development and application of a rapid assay for detecting and 

typing dengue viruses was published in which oligonucleotide consensus primers were 

designed to anneal to any of the four dengue virus types and amplify a 511-bp product in a 

reverse transcriptase-polymerase chain reaction (PCR).  In this process a cDNA copy of a 

portion of the viral genome was produced in a reverse transcriptase reaction in the 

presence of primer D2 and a standard PCR (35 cycles of heat denaturation, annealing, and 

primer extension) with the addition of primer D1 was carried out. The produced DNA was 

then subjected to dot blot hybridization with virus type-specific probes or a second round of 

nested PCR was carried out with type-specific primers which amplified the particular 

serotype of DENV from viremic human serum samples (Lanciotti et al, 1992). 

Nepal being a Himalayan country, initially dengue was recognized in tropical and subtropical 

areas. Later on, infection spread all over the country including the capital city Kathmandu 

which is a hilly area. Initially the available clinical measures were found insufficient for 

control of dengue outbreak. The outbreak of 2010 and 2013 led to analysis that the capacity 

of dengue infection could be explosive and challenging ( Vector Borne Diseases, n.d.). 

When a Japanese worker stayed in Nepal for few months and returned back to his 

homeland, he was tested dengue positive ( Pandey et al., 2004). In Nepal, DF is rapidly 

expanding its geographical range from south to north. Extraction of RNA was performed 

with a High Pure viral RNA extraction Kit. The genome of dengue virus was detected by 

TaqMan RT‐PCR. The isolated serotype was dengue virus 2 which showed 98 % similarity 

with DENV2 of India. It was thus assumed that the disease might have been transmitted 

through undiagnosed individual or might be through translocation of infectious mosquito 

(Takasaki et al., 2008). 

The light on occurrence of dengue infection in Nepal was illuminated thereon. Till the 

diagnosis of DENV in Japanese worker, most of dengue cases that might have occurred 

remained undiagnosed. The assumption is that the clinicians could not suspect the dengue 

disease because of its similarity with other  viral disease as well as there was limited medical 
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laboratory facilities. In 2006, from September to October, blood samples of suspected case 

from Banke and other districts were sent to National Public Health Laboratory in 

Kathmandu or the Armed Forces Research Institute of Medical Sciences, Bangkok, Thailand 

where, Reverse Transcription–PCR, (RT-PCR), ELISA or both were performed for analysis of 

dengue infection. Blood samples were collected from patients who had acute febrile illness 

for 2 to 7 days and two or more than two days of clinical manifestations such as headache, 

retro orbital pain, muscle or joint pain and rash. RNA from the samples were isolated using 

QIAGEN Viral RNA Extraction Kit per manufacturer’s instructions (QIAGEN, Germantown, 

MD, USA) and RT PCR and nested PCR were conducted for the detection of virus serotype. 

During this study, all four serotype were found to be prevalent in Nepal which poses the 

emergence of more severe dengue disease in Nepal (Malla et al., 2008). Dengue was first 

observed as an outbreak in 2006 in nine lowland districts of Nepal. Later in 2010, larger 

epidemic occurred in Nepal with 917 serologically-confirmed cases and five deaths as 

reported in government hospitals of Nepal. The genetic characterization of dengue viruses 

isolated from patients in four major outbreak areas of Nepal was thus performed which  

suggested  that the DENV-1 strain was responsible for the 2010 epidemics ( Pandey et al., 

2013). 

All four serotypes circulation were found in 2006 in Nepal which showed heterogeneity of 

multiple dengue serotypes. Thereafter, only a single serotype was found as predominant as 

in the year 2010 and 2016, it was DENV-1 while in 2004, 2013 and 2014, it was DENV-2. The 

same  type of serotype prevalence was seen in Delhi, India where all four serotypes were 

seen in 2003 followed by predominant serotype 3 in 2004 and 2005 (Gupta et.al, 2006). The 

understanding of  molecular epidemiology of dengue is very important in Pakistan as 

dengue has been recognized as one of the major public health threats in Pakistan. A study 

was carried out which included 200 sera obtained from dengue-suspected patients from 

2006 to 2011. DENV infection was confirmed in 94 (47%) sera by a polymerase chain 

reaction assay which included 36 (38.3%) DENV-2,  57 DENV-3 (60.6%) and 1 DENV-4 (1.1%) 

cases. DENV-2, DENV-3 and DENV-4 in Pakistan from 2006 to 2011 shared 98.5-99.6% 

nucleotide and 99.3-99.9% amino acid similarity with those circulated in the Indian 

subcontinent during the last decade (Koo et al., 2013). Though all DENV serotypes are found 

endemic in Jakarta on the basis of analysis of the viruses isolated from DHF patients in 

Indonesia from 1975 to 1978 and from 2005 to 2010 demonstrated that, but DENV-3 is the 

most predominant. A study was carried out in Jakarta from 2009 to 2010 which included 

adults with fever of less than 48 hours, 72% were confirmed dengue infection from a total 

of suspected 190 dengue patients. RT-PCR was performed, which showed that 16 patients 

were infected with DENV-4 with or without co-infection with other serotypes. It was found 

that (73%) were infected with DENV-4 alone, while mixed infections were present in more 

severe cases of dengue infection (Dewi et al., 2014). 
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Although Hong Kong is not endemic for dengue, it is located in Southeast Asia and is 

geographically close to countries endemic for dengue. Frequent travel to dengue endemic 

areas might be the risk factor associated with dengue infection as it was found that 

majorities of cases were imported from nearby Asian countries. In 2002, a DF outbreak 

involving 16 cases occurred in Ma Wan, an island in Hong Kong, and was caused by DENV 

serotype 1. Three more sporadic local cases caused by DENV serotypes 1 and 2 were 

reported in other districts in the same year.  It was found that a fourfold increase (from 11 

to 49 cases) in the incidence rate was recorded from 2000 to 2003. More than 30 cases 

were reported annually during 2004–2012, and 83 cases were documented in 2010 (Lo et 

al., 2013). 

2.4 Dengue infection and the immune system associated 

T cells complete their development in thymus and enter the bloodstream which are further 

carried through circulation. When T cells reach peripheral lymphoid organ they migrate 

through lymphoid tissue  which return to bloodstream and keep circulating between blood 

and peripheral lymphoid tissue till the time they encounter their specific antigen. Naive T 

cells are the mature T cells that have not encountered their antigens. When a naive T cell 

encounters its antigen  it proliferates and takes part in clearence of the antigen after which 

it becomes armed effector T cells which is then said to be taking part in adaptive immune 

response. Armed effector T cells acts upon target cells. 

When any antigen is encountered by immune system, the antigen-presenting cell (APC) are 

activated .The antigens are carried to cell surface with the help of MHC class I molecules 

and are presented to CD8 T cells when Peptides from intracellular pathogens that multiply 

in the cytoplasm. 

When Peptide antigens from pathogens that  multiply in intracellular vesicles, and those 

derived from ingested extracellular bacteria and toxins are present as antigens , they are 

carried to the cell surface by MHC class II molecules and presented to CD4 T cells ( Janeway, 

et al., 2001). 

https://www.ncbi.nlm.nih.gov/books/n/imm/A2528/def-item/A2622/
https://www.ncbi.nlm.nih.gov/books/n/imm/A2528/def-item/A2669/
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The induction of a robust immune response and massive T cell activation occurs during 

during dengue infection. It is very important to understand why dengue can be fatal in some 

cases. Using flow cytometer, it was demonstrated that CD8+ T cell, expand and become 

highly activated, during the days following the onset of dengue fever symptoms. At the 

expansion important role of CD8 T cells which brings decrease in dengue virus load in 

patients blood is seen ( Janeway et al., 2001). 

Though various epidemiological studies regarding dengue has been carried out the study 

about immunological response in dengue patients is minimal in Nepal. Cellular immunity 

plays a vital role during dengue infection. CD8 T cells have been incriminated for both 

protection and  cytokine –mediated immunopathology in dengue patients. 

Though dengue virus immunity involves both innate and adaptive immune response, CD8 T 

cells are very important because they help in elimination of virus-infected targets through 

cytotoxic effector function and vital for vaccine development as well. The secretion of 

cytokines upon in vitro stimulation with heterologous viral antigen by the dengue-specific 

memory T cells, led to a guess that the “cytokine storm” induced by activated T cells may 

contribute to the immunopathology of dengue. The fact that CD8 T cell expansion peaks 

before or around  the time of the peak of clinical disease and that the frequencies of 

activated CD8 T cells and cytokine producing cells were somewhat higher in patients with 

severe forms of the disease also supports the above mentioned role of CD8 T cells ( Janeway 

et al., 2001). Though many studies are being carried out, the understanding of CD8 T cell 

properties during the febrile phase of dengue disease is still unclear (Chandele et al., 2016). 
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CHAPTER THREE 

METHODS AND METHODOLOGIES 

3.1 Sampling Location 

Samples were collected from Chitwan Medical College Teaching Hospital, Chitwan in 2016 

and Sukraraj Tropical and Infectious Disease Hospital, Kathmandu in 2017 and further 

research activity was carried out at Central Department of Biotechnology, Tribhuvan 

University, Kritipur. 

3.2 Ethical Considerations 

For the collection and processing of blood specimens, approval was taken from Nepal 

Health Research Council and our Department has coordinated with the hospitals from 

where samples were taken. Before collection of samples, consents were taken from the 

patients in written form where they need to do their signature. The consent form explains 

that their blood samples are being used for research purpose and they will not be paid for 

this. For patients below age of 18 or those who cannot read and write, their guardians or 

close relatives who are with them in hospital need to explain the things written in the 

consent form to them and if the subject agrees then the consent is finally taken. 

3.3 Transportation and preservation of samples 

Blood samples were collected from hospitals and transported to Central Department of 

Biotechnology, Tribhuvan University, Kritipur as soon as possible to prevent possible 

degradation of samples and immediately processed. In case of samples from Chitwan 

Medical College and Teaching Hospital, samples were drawn ,processed and aliquoted and 

stored over there and brought to Central Department of Biotechnology, Tribhuvan 

University, Kritipur when time is convenient. Similarly in case of Sukraraj Tropical and 

Infectious Disease Hospital, Kathmandu samples were drawn and immediately tansported 

to Central Department of Biotechnology, Tribhuvan University, Kritipur and centrifuged for 

further processing. 

For flowcytometry analysis 200  µl of blood was aliquoted. Blood samples were centrifuged 

in 2500rpm for 10 minutes and then serum was aliquoted in small vials for further RNA 

extraction. The aliquoted RNA was further stored in -80 °C for further use. The aliquot of 

samples, master mix preparation and RNA extraction was performed in BSL-2 . 

http://bossnepal.com/sukraraj-tropical-infectious-disease-hospital/
http://bossnepal.com/sukraraj-tropical-infectious-disease-hospital/
http://bossnepal.com/sukraraj-tropical-infectious-disease-hospital/
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3.4 RNA Extraction of serum samples  

RNA of dengue virus was isolated by using Qiagen viral RNA isolation kit and the extracted 

RNA was soon stored in the freezer to prevent further degradation of viral RNA for further 

molecular research. 

First of all, 310 μL AVE Buffer was added to the tube containing 310 μg lyophilized carrier 

RNA to obtain a solution of 1 μg/μl and allowed to dissolve thoroughly. Then, the solution 

was aliquoted (50μl), and stored at –20°C. AVL Buffer was observed to see whether 

precipitated, and if necessary was incubated at 80°C for 3-5 minutes for dissolving the 

precipitate if present.  

Volume of Buffer-AVL (560 μl/sample) and carrier RNA mixture solution (10 μl/ml of AVL 

Buffer) required per batch of samples was calculated and aliquoted. Similarly, appropriate 

amount of Ethanol were added to the AW1 and AW2 buffers respectively to prepare the 

Buffers. 

Buffer-AVL containing carrier RNA (560 μl) was dispensed into a 1.5 ml microcentrifuge tube 

and 140 μl serum was added. The solution was mixed by pulse-vortexing for 15s and 

incubated at room temperature (15–25°C) for 10 min. The tubes were then centrifuged 

briefly to remove drops from the inside of the lid and 560 μl of ethanol (96–100%) was 

added to the sample, and then mixed by pulse-vortexing for 15 seconds. After mixing, the 

tube was briefly centrifuged to remove drops from inside the lid. Then 630 μl of the solution 

was added to the QIAamp Mini column (in a 2 ml collection tube) without wetting the rim 

and centrifuged at 6000 x g (8000 rpm) for 1 min.  The QIAamp Mini column was placed into 

a clean 2 ml collection tube, and discarded the tube containing the filtrate. The QIAamp 

Mini column was carefully opened, and the step was repeated again. The QIAamp Mini 

column was carefully opened and 500 μl of Buffer AW1 was added and centrifuged at 6000 

x g (8000 rpm) for 1 min. The QIAamp Mini column was placed in a clean 2 ml collection 

tube (provided), and discarded the tube containing the filtrate. The QIAamp Mini column 

was carefully opened and 500 μl of Buffer AW2 was added and centrifuged at full speed 

(20,000 x g; 14,000 rpm) for 3 min.  The QIAamp Mini column was placed in a new 2 ml 

collection tube and centrifuged at full speed for 1 min. The QIAamp Mini column was placed 

in a clean 1.5 ml microcentrifuge tube. The old collection tube containing the filtrate was 

discarded. QIAamp Mini column was opened carefully and 60 μl of Buffer AVE equilibrated 

to room temperature was added. The cap was then closed, and the tubes were incubated at 

room temperature for 1 min. Finally the tube were centrifuged at 6000 x g (8000 rpm) for 1 

min and RNA collected in the microcentrifuge tube was stored at -80°C till further use. 
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3.5 Quantification of RNA by Nanodrop 

RNA was eluted in buffer AVE, so the same buffer was used for the measurement of blank. 

Then after setting blank , 1 microliter of extracted  RNA was used for quantification of 

extracted RNA. 

3.6 Real Time PCR of RNA Samples 

One step Real Time PCR was performed as per the instructions in CDC Kit. The prepared 

master mix of virus was mixed with the enzymes Superscript III and the one step Real Time 

PCR was performed along with positive and negative controls available in the kit. 

3.6.1 RT-PCR Protocol Reagent (CDC Dengue Kit) 

Reaction Mixture for DENV-1, 2, 3 & 4     

No. of Reaction Tubes  20 

 

  

  

  

  

Reagents Conc. Vol/Rxn 

Total 

vol 

RNAse Free Water   2.2 44 

2X Premix   12.5 250 

Primer D1-F 100 µM 0.5 10 

Primer D1-R 100 µM 0.5 10 

Primer D2-F 100 µM 0.25 5 

Primer D2-R 100 µM 0.25 5 

Primer D3-F 100 µM 0.5 10 

Primer D3-R 100 µM 0.5 10 

Primer D4-F 100 µM 0.25 5 

Primer D4-R 100 µM 0.25 5 

Probe DENV-1 10 µM 0.45 9 

Probe DENV-2 10 µM 0.45 9 

Probe DENV-3 10 µM 0.45 9 

Probe DENV-4 10 µM 0.45 9 

Superscript III RT/ Platinum Taq Mix   0.5 10 

Total   20 400 
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Reaction Mixture for Human Specimen P gene   

No. of Reaction Tubes  20 

 

  

  

  

  

Reagents   Vol/Rxn 

Total 

vol 

RNAse Free Water   5.5 110 

2X Premix   12.5 250 

Primer RP-F   0.5 10 

Primer RP-F   0.5 10 

Probe RP   0.5 10 

Superscript III RT/ Platinum Taq Mix   0.5 10 

Total   20 400 

Table 3. 1 Mastermix Preparation for Real Time PCR 

3.6.2 RT-PCR plan for Dengue RNA 

First of all, the Reaction table was prepared. Then the working table was prepared by wiping 

with by 70% Ethanol and all the articles to be used in master mix preparation were wiped. 

Separate space was prepared for keeping sterile reagents, and test samples and control 

positives. In sterile site Nuclease Free Water, 2X Premix, Primers and Probes were kept and 

at contaminated site test samples, dengue positive control and HSC positive control were 

kept. Two separate buckets of ice were kept for separate sterile and contanminated 

reagents. After that 5 L of test samples were dispensed in each well and DENV 1-4 control,  

HSC positive,  H2O were dispensed in their respective wells of PCR plate. Two tubes were 

labeled  for master mix preparation for DENV rxn and HSC rxn. Master mix were prepared 

separately for the DENV  and Human Specimen control(HSC) in their respective Eppendorf. 

As last reagent, the SuperScript IIIRT enzyme was brought  in cold chain box and required 

volume was dispensed to the master mix tubes. The tubes were vortexed once and 20 L of 

mix was dispensed  to each of respective wells by changing the tip every time. The plate was 

sealed  with plalstic sticker and was rolled to press the plastic sticker. The plate was loaded 

to Biorad thermocycler  for reaction. 
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3.6.3 Thermocycler Program 

 

 

Table 3. 2 PCR Program for one step Real Time PCR 

Targ
et 
(0C) 

Acquisiti
on mode 

Hold(hh:mm:
ss) 

Ramp 
Rate(0C/
s) 

Acquisition(
per 0C) 

Set 
Target(0

C) 

Step 
size(0

C) 

Step 
Delay(Cyc
les) 

95 None 00:00:15 4.4 - 0 0 0 

60 Single 00:01:00 2.2 - 0 0 0 

 

Program 

Cooling 

Targ
et 
(0C) 

Acquisiti
on mode 

Hold(hh:mm:
ss) 

Ramp 
Rate(0C/
s) 

Acquisition(
per 0C) 

Set 
Target(0

C) 

Step 
size(0

C) 

Step 
Delay(Cyc
les) 

50 None 00:00:20 2.2 - 0 0 0 

 

 

Targ
et 
(0C) 

Acquisiti
on mode 

Hold(hh:mm:
ss) 

Ramp 
Rate(0C/
s) 

Acquisition(
per 0C) 

Set 
Target(0

C) 

Step 
size(0

C) 

Step 
Delay(Cycl
es) 

95 None 00:00:10 4.4 - - - - 

65 None 00:01:00 2.2 - - - - 

97 Continuo
us 

- 0.02 5 - - - 
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Thermocycling parameters were as follows: reverse transcription at 50 °C for 15 min, 

inactivation at 95 °C for 2minutes, followed by 44 cycles of fluorescence detection at 95 °C 

for 15 s, and annealing at 60 °C for 1 minute. The baseline and threshold were set using the 

auto-baseline and threshold feature in system. Samples were considered positive if target 

amplification was recorded within 37 cycles. The CDC DENV-1-4 Real-Time RT-PCR Assay 

was performed in multiplex reactions following the manufacturer’s instructions (Centers for 

Disease Control and Prevention) in 25 μL volumes using the SuperScript® III Platinum® One-

Step qRT-PCR Kit (Invitrogen™). Amplification and detection were performed in a Biorad 

CFX96  PCR instrument . 

The data analysis were performed as described in the manufacturer’s guidelines. In short, 

the threshold was adjusted to fall within the PCR exponential phase in the linear view. The 

manufacturer’s instructions specifies that a specimen is considered positive for either 

DENV1,2, 3, or 4 if the amplification curve crosses the threshold line within 37 cycles (Cq < 

37). 

3.7 Flow Cytometry analysis 

3.7.1 Quality Control 

Quality control is the process before performing an operation in FACS to check whether the 

machine is working properly or not. It is used to check if FL channels are working properly or 

not. The quality control was performed   by using rainbow beads. These rainbow beads 

were used to check the peaks. There must be 8 peaks and the machine is thus said to be 

ready for further processing. 

3.7.2 Compensation 

There are four FL channels in our FACS machine and they are FL-1, FL-2, FL-3, FL-4 which are 

respectively aligned with flurochromes FITC, PE, PerCP and APC. The compensation of the 

machine was performed by using calibrate beads. In the graph we performed compensation 

by aligning the cells in their respective quadrant according to the experiment and the beads 

used. When compensation was performed properly the further processing of our sample 

was done. Adjustment of voltage was done which is vital during compensation. 

3.7.3 Sample preparation for absolute cell counting by lyse No wash method 

First  of all 50 µl of whole blood was taken by pipetting method. Then 20 µl of antibody 

cocktail was added and was mixed by vortex. It was then incubated in dark for 15 minutes at 

room temperature. Then 450 microliter of 1X BD FACS lysing solution was added and vortex 

was done. It was then incubated in dark for 15 minutes. The preparation was then run on 

flowcytometer and counting of cell was then performed.   
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3.7.4 Analysis of Data 

The obtained data was then analyzed in FlowJo and the estimation of percentage of CD4 

and CD8 T cells were performed. Gating of targeted cells was done and then histogram plots 

were plotted. The histograms displayed a single measurement parameter (relative 

fluorescence or light scatter intensity) on the X-axis and the number of events (cell 

count) on the Y-axis. The data that is expressed in a histogram represents all the 

selected (gated) population. Histogram is simple and useful for evaluating the total 

number of cells in a sample that express the marker of interest.  (“Single Parameter Or 

Univariate Histograms - Flow Cytometry Guide | Bio-Rad,”.) 
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CHAPTER FOUR 

RESULTS 

4.1 Gender Susceptibility of samples 

Among all the samples used, 9 samples from Chitwan (Chitwan Medical College Teaching 

Hospital), 33 % of samples were female whereas 67% were males.  All the patients from 

Sukraraj Tropical and Infectious Disease Hospital, Kathmandu were males. Thus, this report 

shows males are more affected by dengue in comparison to female. 

4.2 Clinical symptoms of study subject 

In case of samples from 2016 which were from Chitwan Medical College Teaching Hospital, 

all the patients i.e.   100% had symptoms of fever, headache and joint pain. Similarly, in case 

of samples from 2017 which were from Sukraraj Tropical and Infectious Disease Hospital, 

Kathmandu only six patients had symptoms of fever, headache and joint pain.  

4.3 Biochemical Analysis reports 

4.3.1 Hemoglobin 

The normal level of hemoglobin per 100 ml of blood is 13-16gm in men and 11-13gm in 

women. It is said that a patient with 10 % increase in average hemoglobin level, should be 

rushed to the hospital though platelet count is normal ( 

http://www.thehealthsite.com/news ). Among all the patients two female patients SU8 and 

SU9 expressed slight increase in the hemoglobin level. Similarly, in case of male, 

hemoglobin seems to lie within the normal range. 

Table 4. 1 Table showing hemoglobin percentage in dengue patients  

 

Sample ID Sex  HB(gm%) Sample ID Sex HB(gm%) 

SU1 Male  15.6 SU10 Male 16.2 

SU2 Male  13.9 SU11 Male 14.6 

SU3 Male  13.9 SU12 Male 14.7 

SU4 Male  12.2 SU13 Male 14 

SU5 Female  12.3 SU14 Male 15 

SU6 Male  12.2 SU16 Male 11.8 

http://bossnepal.com/sukraraj-tropical-infectious-disease-hospital/
http://bossnepal.com/sukraraj-tropical-infectious-disease-hospital/
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SU7 Male  12.2 SU17 Male 14.5 

SU8 Female  15.1 SU18 Male 11.7 

SU9 Female  15.5      

4.3.2  Percentage of Neutrophils, Lymphocytes and Eosinophils in Dengue patients 

Neutrophils are the most common type of white blood cell in the body with levels 

between 40% to 80% in the bloodstream. In case of all the patients neutrophils were 

within the reference range. A normal lymphocyte range is generally between 20% and 40 

% in healthy individuals. In case of 2016 samples only one sample (SU9) had a slightly 

greater percentage of lymphocytes whereas in case of 2017 samples, five of the samples 

i.e (SU10, SU11, SU12, SU14, SU17) had shown increased lymphocyte percentage. 

Eosinophils are about 0.0% to 6% of blood. Among all the patients one patient sample 

(SU14) had high level of eosinophils. 

Table 3. 3 Percentage of Neutrophils, Lymphocytes and Eosinophils in Dengue patients 

Sample 

ID 
Neutrophils Lymphocytes Eosinophils 

Sample 

ID 
Neutrophils Lymphocytes Eosinophils 

SU1 70 29 1 SU10 45 45 0 

SU2 67 29 1 SU11 39 50 1 

SU3 67 32 1 SU12 50 45 0 

SU4 79 20 1 SU13 56 34 0 

SU5 79 20 7 SU14 34 46 12 

SU6 79 20 1 SU16 51 29 0 

SU7 79 20 1 SU17 40 46 4 

SU8 54 40 6 SU18 75 19 0 

SU9 52 43 4         

4.3.3 Platelets Count 

Platelet in human body lasts for about 5 to 10 days and is replenished when required. 

Dengue virus when in its effective stage destroys the body's capacity to produce new 

platelets .The platelet count for a normal person varies from 150,000 - 250,000 per μl 

(micro litre = mm3 or cubic millimeters) of blood. When a person is infected with dengue, 

their platelet count starts falling. A platelet count below 100,000 per μl (mm3) is alarming 

which requires immediate medical attention. A platelet count below 50,000 can be fatal. In 

case of 2016 samples, all the patients had somewhat low platelet count whereas two 

samples had platelet count below 50,000 which could be fatal. In case of 2017 patients 
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there was decrease in platelet count in all patients and three of them had platelet count 

below 50,000. 

Table 4. 2 Platelet count in Dengue patients 

 

Sample ID Platelets/cumn 

Sample 

ID Platelet9/cumn 

SU1 186000 SU10 27000 

SU2 161000 SU11 100400 

SU3 319000 SU12 87000 

SU4 75000 SU13 44000 

SU5 140000 SU14 44000 

SU6 80000 SU16 111000 

SU7 45000 SU17 80000 

SU8 37000 SU18 61000 

SU9 98000 

  
4.4 Quantification of extracted RNA 

Quantification of RNA performed by using Nano drop. If RNA sample had shown the ratio of 

260/280 below 2 then the protein contamination is performed. Similarly, the ratio of 

260/230 if had value below 1.8 show organic contamination. The sample RNA that was 

extracted during my experiment thus showed protein and organic contamination. The 

concentration of nucleic acid measured in ng/µl showed  low concentration of viral RNA in 

our samples. The table containing concentration of all RNA samples and the ratio of protein 

and organic contamination is given below. Similarly, the graph below represents the curve 

that is obtained during quantification of extracted RNA. 

Table 4. 3 Quantification of RNA Samples 

 

Sample ID  

NA 

Concentration(ng/µl) OD260/280 OD260/230 

HSC RNA 57.94 0.62 0.19 

Positive Control 46.37 0.56 0.21 
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SU1 55.23 0.65 0.11 

SU2 50.72 0.69 0.11 

SU3 50.71 0.69 0.11 

SU4 58.66 0.65 0.13 

SU5 49.72 0.7 0.49 

SU6 65.14 0.63 0.15 

SU7 32.78 3.5 0.41 

SU8 65.14 0.63 0.15 

SU9 16.67 3.1 1.92 

SU10 14.55 3.11 1.02 

SU11 18.66 1.23 0.33 

SU12 19.22 0.7 0.49 

SU13 25.5 0.9 0.47 

SU14 4.56 0.65 0.25 

SU15 18.99 0.67 0.44 

 

  

Figure 4. 1 Grraph obtained after RNA Quantification 
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4.5 Real Time PCR 

The curves were obtained after the completion of the PCR program which were interpreted 

below. 

4.5.1 Positive Control 

Positive control virus mix included in CDC kit, which consisted of heat‐inactivated DENV‐1 

Haw, DENV‐2 NGC, DENV‐3 H87, and DENV‐4 H241 were amplified and expressed by all four 

colored curves obtained as in the picture below (Figure 4.2). Four colored graph was 

obtained when PCR of Positive control was performed. DENV1 positive sample is indicated 

by blue colored curve (FAM). DENV2 positive sample is indicated by green colored curve 

which represents VIC. DENV3 positive sample indicated by red colored curve which 

represents Texas Red. DENV4 positive sample is indicated by purple colored curve which 

represents Cy5. The fractional number of PCR cycle at which reporter fluorescence is less 

than the threshold  value(Cq) (i.e. 37) are taken as positive. In our analysis the Cq values  for 

DENV1, DENV2, DENV3, DENV4 positive control were 27.16,  30.39, 28.32 and 28.85 

respectively. 

 

 

Figure 4. 2 Graph of Positive Control amplification of DENV 

4.5.2 Negative Control 

The negative control containing RNA of HSC was amplified when primer and probe of RP 

was used while it was not amplified when all DENV primers and probes were used. The Cq 

values were not applicable in case of Negative Control. 
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Figure 4. 3 Graph showing curves of Negative Control 

4.5.3 Serotyping of DENV from 2016 samples 

The samples of 2016 that were taken from Chitwan Medical College and Teaching Hospital 

for serotyping showed amplification by FAM. The samples were identified as DENV 1 

serotype. All the nine of the samples showed the amplification curve (Figure 4.4 ) and their 

Cq value (Table 4.4)denoted that they were DENV 1 positive.  

Table 4. 4 Table showing Cq values of DENV Samples of 2016 

Fluor Sample Cq 

FAM SU1 20.67 

FAM SU2 24.24 

FAM SU3 25.21 

FAM SU4 19.01 

FAM SU5 23.89 

FAM SU6 17.35 

FAM SU7 21.77 

FAM SU8 15.71 

FAM SU9 32.98 

The curve below shows the amplified DENV 1 samples of 2016. 
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 Figure 4. 4 Graph showing curve of amplified DENV1 virus 

 

4.5.4 Serotyping of DENV from 2017 samples 

The samples of 2017 that were taken from Sukraraj Tropical and Infectious Disease Hospital, 

Kathmandu for serotyping showed amplification by VIC. The samples were identified as 

DENV 2 serotype. Three of the samples were negative for serotyping as they did not show 

amplification by FAM in the wells containing primers and probes for HSC. This shows that 

RNA was not extracted properly. The remaining six samples showed the amplification curve 

(Fig. 4.5) and their Cq values (Table 4.5) denoted that they were DENV 2 positive. The six 

samples SU10, SU11, SU12 SU13 SU14 SU15 showed Cq values at 25.24, 31.36, 28.03, 23.38, 

26.04,  and 14.61 respectively. 

Table 4. 5 Table showing Cq values of DENV Samples of 2017 

 

 

 

 

 

 

 

Fluor Sample Cq 

VIC SU10 25.24 

VIC SU11 31.36 

VIC SU12 28.03 

VIC SU13 23.38 

VIC SU14 26.04 

VIC SU15 14.61 

http://bossnepal.com/sukraraj-tropical-infectious-disease-hospital/
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Figure 4. 5 Graph showing curve of amplified DENV2 virus 

4.5.5 Result of all the amplified curves during Real Time PCR 

 All the samples which were used during our research were run along with the RP primers 

and probes to check the integrity of extracted RNA. As a result we found that three of the 

samples did not show any amplification curve during the Real Time PCR and this explains 

that the viral RNA was not extracted properly. Therefore we can conclude from this 

experiment that the Real time PCR is a very sensitive method for serotyping of DENV and 

there are many check points to correct the experiments and to eliminate the false positive 

results. The amplification curve of the extracted RNA is denoted by FAM and is indicated in 

the figure below (Figure4.6). 

In the (Figure 4.7), curve of all the samples and control used in the Real time PCR and their 

amplification is shown. The four curves of FAM, VIC, Texas Red and Cy5 showed the positive 

control curves. Similarly all the lines near the base line can be considered as the background 

signals. The samples which did not contain DENV were not amplified thus their Cq values 

are given by the system as Non Applicable. 

Table 4. 6 Table showing Cq values of ALL samples amplified by RP primers and probes 

Sample ID Fluor Cq Sample ID Fluor Cq 

SU1 FAM 16.73 SU10 FAM 22.89 

SU2 FAM 20.28 SU11 FAM 18.55 
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SU3 FAM 21.14 SU12 FAM 4.08 

SU4 FAM 14.96 SU13 FAM 6.35 

SU5 FAM 22.6 SU14 FAM 4.77 

SU6 FAM  24.6 SU15 FAM 17.34 

SU7 FAM 18.21 SU16 FAM N/A 

SU8 FAM 11.73 SU17 FAM N/A 

SU9 FAM 29.09 SU18 FAM N/A 

 

Figure 4. 6 Graph showing curve of amplified HSC RNA , positive controls and DENV1 and 

DENV2 virus 

 

Figure 4. 7 Graph showing positive DENV samples along with positive controls 
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4.6 Result of Flow cytometry 

4.6.1 Quality Control 

For quality control the rainbow beads were used and the eight different peaks were 

obtained. There are four different FL channels (FL1, FL2, FL3, Fl4) so each of them showed 8 

peaks and the machine is thus said to be ready for further processing. The figure (4.8) below 

indicates the picture taken after QC was performed by using rainbow beads. 

    

   

Figure 4. 8 Picture showing peaks of all FL channels after performing Quality Control 

4.6.2 Estimation of T cells of control using blood of a person who is DENV negative 

The control was used for the estimation of CD4 and CD8 cell percentage so that we could 

differentiate the cell percentage of healthy and dengue infected patients. The percentage of 

CD4 and CD8 cells were 24.21 % and 33.76 % respectively.  
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Table 4. 7 Table showing CD4 and CD8 cells in DENV negative sample 

Sample 

Antibody 

used 

CD4 

events CD4 (%) 

Control CD3CD4 1617 24.21 

    

CD8 

events CD8(%) 

Control CD3CD8 1916 33.76 

 

The dot plot below is plotted with side scattered in Y-axis and Forward scattered in X-axis 

which showed the different populations of blood cells and debris as shown in the figure 

(Figure 4.9 ). The lymphocyte population is gated as R1 is shown in the dot plot (Figure 4.10) 

in which the CD3 and CD4 T cell population are plotted in FL1 and FL2. The CD3 population 

was confined to the upper left quadrant. The upper right quadrant contained both CD3 and 

CD4 positive cells whereas the lower right quadrant had all the debris and unstained cells in 

it.   The percentage of the CD4 together with CD3 was found to be 24.21% and indicates the 

population of CD4 T cells which is gated among the segregated blood cells. The population 

of CD4 cells below is that of control samples which are DENV negative. 

  

Figure 4. 9 Dot plot showing lymphocyte population and other blood cells 
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Figure 4. 10 Dot plot showing different T cell population 

The lymphocyte population gated as R1 is shown in the dot plot (Figure 4.11) in which the 

CD3 and CD8 T cell population are plotted in FL1 and FL2. The CD3 population was confined 

to the upper left quadrant. The upper right quadrant contained both CD3 and CD8 positive 

cells whereas the Lower right Quadrant had all the debris and unstained cells in it. The 

percentage of the CD8 together with CD3 was found to be 33.76% and indicates the 

population of CD8 T cell population which is gated among the segregated blood cells. The 

population of CD8 cells is higher than that of control samples which are DENV negative. 

 

  

Figure 4. 11 Dot plot showing lymphocytes and other blood cells       
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 Figure 4. 12 Dot plot showing different T cell population 

4.6.3 Estimation of T cells using blood of a person who is DENV positive 

The samples labeled with the antibodies, lysed with FACS lysing solution after incubation, 

stained and run in a flow cytometer obtained the data for further analysis in FlowJo. The 

sample number 2 had CD4 and CD8 cell percentage 42.76% and 39.43% while the sample 

number 3 showed 39.61% and 47.28% respectively and sample number 6, showed 53.66% 

and 28.11% respectively. Similarly, sample number 4 showed 80.85% of CD8 cells and 

sample number 5 showed 46.27% of CD4cells. (Table 4.8) 

Table 4. 8 Table showing CD4 and CD8 cell percentage in DENV positive samples  

Sample 

number 

Antibody 

used 

CD4 

events 

CD4 

percentage 

CD8 

events 

CD8 

percentage 

2 CD3CD4 1138 42.76     

2 CD3CD8     965 39.43 

3 CD3CD4 1037 39.61     

3 CD3CD8     1230 47.28 

4 CD8APC     397 80.85 

5 CD3CD4 1062 46.27     

6 CD3CD4 739 53.66     

6 CD3CD8     352 28.11 
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4.6.4 Comparison of CD4 and CD8 T cells in dengue patients and healthy control. 

The graph (Figure 4.13) represents overall comparison between CD4 and CD8 cell 

percentage in between samples and control. It is shown that there is increase in the overall 

percentage of CD8 T cells than that of control whereas the percentage of CD4 cells is similar 

to that of the control. 

 

 

Figure 4. 13 Graph showing CD4 and CD8 T cell population along with controls 

 

4.6.5 Histogram plots of the CD4 and CD8 cells of dengue patients 

The histogram plots of all the samples whose CD4 and CD8 cell percentage are determined 

are given below. The two peaks are of positive and negative dataset. In these plots, the 

more shifting of curve towards X-axis, the more is the fluorescence and thus the 

fluorescence is proportional to the amount of CD4 or CD8 cells present in sample. In case of 

sample number 2, 3 and 4 the increase in CD8 cell percentage is observed. Relative 

fluorescence or light scatter intensity on the X-axis is seen higher and shifted towards 

right which represents a gated population.  

 

Figure 4. 14 Histogram plot of Sample number 2 showing CD4 cells among the CD3 

population 
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Figure 4. 15 Histogram plot of Sample number 2 showing CD8 cells among the CD3 

population 

 

Figure 4. 16 Histogram plot of Sample number 3 showing CD4 cells among the CD3 

population 

 

Figure 4. 17 Histogram plot of Sample number 3 showing CD8 cells among CD3 population 

 

Figure 4. 18 Histogram plot of Sample number 4 showing CD8 cells  
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Figure 4. 19 Histogram plot of Sample number 5 showing CD4 cells among CD3 population 

  

Figure 4. 20 Histogram plot of Sample number 6 showing CD4 cells among CD3 population 

 

Figure 4. 21 Histogram plot of Sample number 6 showing CD8 cells among CD3 population 

  



  DISCUSSION 

50 
 

CHAPTER FIVE 

DISCUSSION 
Dengue is major public health issue in Nepal and is dangerous vector borne disease. The 

cross-reactive dengue infection and immunopathology associated with the infection has a 

higher tendency to be fatal. Currently, the emerging dengue infection cases are increasing 

day by day and its transmission in infected area is in increasing trend. Though, 

immunological detection of antibody present in patient’s serum is easily available and 

cheaper technique for detection but the serotyping of dengue virus yields comparatively 

more significant result. 

The fatal cases that might occur after the cross infection need to be addressed very 

carefully for the proper surveillance of  disease and to prevent the possible risks related 

with infection. The Identification of dengue virus serotype will facilitate the development of 

novel ideas related to the severe dengue cases and may help to improve the currently 

available treatment for dengue patients. 

The immune cells associated with virus clearance are yet to be understood in case of 

Nepalese dengue patients. Estimation of percentage of T cells that might help in viral 

clearance will facilitate the development of novel vaccination approaches that are being 

studied and may improve responses to currently available therapies. 

In this study, we performed the serotyping of dengue virus of selected samples of two 

different years from different cities of Nepal. The Serotyping refers to the identification of 

the type of dengue virus (DENV1, DENV2, DENV3, DENV4) that causes the dengue infection. 

Serotyping of DENV is best performed during acute phase of illness when DENV circulates in 

blood. A previous study demonstrated that change in pattern of DENV occur in every 

outbreak and the antibody produced against first serotype won’t provide long term 

immunity to the second infecting serotype. During my research Real Time PCR and FACS 

machine was first operated for a thesis experiment in Central Department of Biotechnology. 

In 2004, DENV2 was first serotype identified in Nepal, in 2006 all four serotype of DENV 

were found circulating in Nepal whereas in the year 2010 and 2016, it was DENV-1 and in 

2013 and 2014, it was DENV-2. This is in accordance with our study because sample of 2016 

are DENV1 positive and samples of 2017 are DENV2 positive. This is the first time DENV 

serotype was reported in Nepal among samples of the year 2016 and 2017 samples. The 

estimation of the CD4 and CD8 cell percentage is also the first immunological work 

performed in our lab and is first attempt of immunological analysis in dengue patients. 
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This report in earlier studies is consistent with our finding that the change in serotype 

pattern occurs. Based on our data, we can purpose that in Nepal change in dengue virus 

serotype in 2016 and 2017 samples might increase the cases of cross infection which leads 

to antibody dependent enhancement mechanism leading to DHF or DSS. 

Through the method of flow cytometry analysis, we estimated the percentage of T- cells 

(CD4/CD8) present in circulating peripheral blood of dengue patients. Similarly, T cells (CD4 

T cells, CD8 T cells) are the immune cells which play a vital role during the dengue infection. 

The fact that CD8 T cell expansion peaks before or around  the time of the peak of clinical 

disease and that the frequencies of activated CD8 T cells and cytokine producing cells were 

somewhat higher in patients with severe forms of the disease also supports the above 

mentioned role of CD8 T cells (Janeway et al., 2001). The recent studies in Indian population 

showed increase in CD8 cell percentage during severe cases. 

Based on our data we can conclude that the CD4 cell percentage is around normal range but 

CD8 T cells are found to have increased in dengue positive samples which is in accordance 

with the research previously performed.The gating of lymphocytes was performed in FlowJo 

and percentage of CD4 were 42.76, 39.61, 46.27, 53.66 while that of CD8 were 39.43 ,47.28, 

80.85, 28.11 respectively. The T-cell count was performed among dengue patients samples 

and result showed the increase in percentage of CD8 T cells in few patients.  

Thus we can say that, in case of Nepalese population who are infected with dengue virus 

the percentage of CD8 T cells are found to have increased. This might help to understand 

the immune status of dengue patients involved in the study.  

The identification of the serotype of dengue virus is a costly affair to be performed in the 

laboratory. Since there was no much knowledge about the estimation of the percentage of 

T cells involved in immunity of dengue patients it was very difficult to operate the FACS 

machine and to get everything right. The reference range of CD4 cell in percentage is (31-

58)% while that of CD8 is(19-43)%. 

Thus, this study  gave information about serotyping and immunology of dengue that will 

serve as vital data to understand the immune mechanism in  Dengue patient of Nepal. Thus 

there is utmost need to seek standardization of cheaper alternatives for serotype detection 

and to study the different cytokines involved for the pathogenesis in details. 

We had only CDC kit to be used for confirmation of serotype which is costly hence we 

limited the sample size. The sample screened for FACS was small due to expensive 

antibodies, thus the obtained data was not conclusive but a general map idea for further 

research. Thus my idea opens door to the importance of serotyping of DENV and poses a 

significant scope for analysis of immune cells involved in study of dengue patients in 

Nepalese population. 



  SUMMARY 

53 
 

 

CHAPTER SIX 

SUMMARY 
 

Dengue is one of the most rapidly spreading arboviral disease found in tropics and 

subtropics. Dengue is caused by four serotypes of Dengue virus (DENV1, DENV2, DENV3, 

DENV4) which has 65%similarity with each other. Today, 40% of world’s population is at risk 

of dengue infection. The virion of the dengue virus is spherical with a diameter of 50nm 

which contains a single copy of a positive-sense, single-stranded RNA genome.  T cells 

response is vital in protection and severity of dengue infection.  

Serotyping of Dengue Virus 

First of all, this research is mainly focused on determination of prevalent DENV serotype in 

Nepalese population in 2016 and 2017.  The study aims on the identification of different 

serotypes in Nepal in two different years. Since serotype of DENV keeps on changing it is 

very important to determine the serotypes that are circulating in Nepal which can be 

compared with previous serotype and thus chances of cross infection can be predicted and 

possible precautions can be taken.  

Among total of 18 samples, 9 samples were collected from Chitwan Medical College 

Teaching Hospital, Chitwan in 2016 and 9 samples were collected from Sukraraj Tropical and 

Infectious Disease Hospital, Kathmandu in 2017 .  

RNA extraction was done from the serum sample by using Qiagen viral RNA isolation kit and 

quantification of RNA was done by using Nano drop. The extracted RNA was then subjected 

to one step Real Time PCR which was performed as per the instructions in CDC Kit. The CDC 

DENV-1-4 Real-Time RT-PCR assay was performed in multiplex reactions following the 

manufacturer’s instructions (Centers for Disease Control and Prevention) using the 

Superscript® III Platinum® One-Step qRT-PCR Kit (Invitrogen™). Amplification and detection 

were performed in a Bio-Rad CFX96™ Real Time System. The resulting data were analyzed 

as per instruction in the kit. 

Among nine dengue positive samples from 2016, all of the samples were found DENV1 

positive. Similarly, among nine dengue positive samples from 2017, six of the samples were 

found DENV2 positive whereas three of the samples did not show the positive result. 

http://bossnepal.com/sukraraj-tropical-infectious-disease-hospital/
http://bossnepal.com/sukraraj-tropical-infectious-disease-hospital/
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The DENV serotype when keeps on changing in every outbreak, there is a greater risk of 

secondary dengue infection which might lead to DHF or DSS. When a serotype is 

predetermined in patients serum, the possible risks can at least be avoided. The serotyping 

of DENV from 2017 samples thus led to a determination of DENV serotype circulating in 

2017 in Nepal and we are the first to report this. The dengue vaccine Dengvaxia, provides 

protection against all four variants of the dengue virus which is because of the protection 

required against all four serotype of dengue virus. This explains the importance of 

serotyping of dengue virus. 

Estimation of T cells in dengue patients 

Secondly, the study of immunological cells involved in protection and immunopathology of 

dengue virus has become very vital. The estimation of T cells percentage was done in order 

to note the increase or decrease in the CD4 T cells  and CD8  T cells percentage among 

sample and controls. 

The sample used for flow cytometer analysis for estimation of T cells were from 2017 

samples that were brought directly from Sukraraj Tropical and Infectious Disease Hospital, 

Kathmandu and sample preparation was done for absolute cell counting by lyse no wash 

method. Quality Control checking and compensation was performed before the sample was 

run in flow cytometer. After completion of the experiment the obtained data were further 

analyzed in FlowJo 10.2. 

The estimation of percentage of CD4 T cells and CD8 T cells in dengue patients were 

performed and the percentage was compared with that of the control sample who is DENV 

negative. The percentage of CD4 T cells was around normal range in the samples. In few 

patients the increase in number of CD8 T cells was observed which is very significant 

because there is involvement of CD8 T cells in the protection and immunopathology during 

dengue infection.  This was the first immunological study performed in the Dengue patients 

of Nepal.  

Thus, circulation of two different serotypes DENV1 and DENV2 were found among Nepalese 

population in 2016 and 2017 respectively. The percentage of CD8 cells was found above the 

normal range which is evident with rise in the CD8 cell percentage in dengue patients during 

infection of dengue.  

 

https://www.medindia.net/news/surprisingly-dengue-virus-serotypes-more-likely-to-have-distinctive-antigenic-variations-153644-1.htm
http://bossnepal.com/sukraraj-tropical-infectious-disease-hospital/
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CHAPTER SEVEN 

CONCLUSION 
The data that was collected and interpreted from my research signifies that DENV1 was 

found infecting Nepalese population in 2016 and DENV2 infected Nepalese population in 

2017. Furthermore, the CD8 T cells were found to have increased in dengue infected 

patients. 

The result showed change in pattern of dengue serotype between two different years. The 

cross infection of two different dengue serotype can often lead to fatal cases so it is very 

vital to identify serotype of dengue virus infecting the patients. The CD4 and CD8 T-cell 

count was performed among dengue patients samples and result showed the increase in 

percentage of CD8 T cells. 

Hence, Real-Time PCR is rapid and effective method for serotyping of dengue virus which is 

very vital in future research of disease and treatment. The pattern change observed in 

dengue virus serotype in the samples of two consecutive years indicates the chances of 

cross reactivity and ADE. The circulation of multiple serotypes of Dengue virus might worsen 

the outbreaks by increasing risks to recurrently infected individual which can ultimately lead 

to severe dengue.  

The fact that T cells plays important role in virus clearance and immunopathology during 

dengue infection was supported by the data obtained during research. The increase in 

percentage of CD8 T cells in blood of dengue patients might be due to dengue infection. 

Lack of proper funding for medical treatment, poor facilities for disease diagnosis are the 

problems faced in current scenario of Nepalese dengue patients. 

The Government of Nepal should initiate more effective vector control programs  and 

proper sanitation facilities must be maintained in the economically poor areas to prevent 

the spread of virus . 

Recommendations: 

 Additional research using different antibodies and efficient data analysis would be a 

good addition to the experiment. 

 The significance of this experiment would be improved if the samples from overalll 

country were taken for serotyping. 

 Cost effective methods for serotyping of dengue virus should be  standardized for 

efficient serotyping of all dengue cases. 
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APPENDICES 
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