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INTRODUCTION 

Dengue is one of the most prevalent mosquito-borne viral diseases in the 

tropics and subtropics. Dengue virus is the causative agent of dengue fever 

which belongs to the genus Flavivirus and Family Flaviviridae. The disease is 

transmitted by the bite of Aedes aegypti , a day biting mosquito.1 

Dengue fever spectrum of illness ranges from mild Dengue fever(DF), 

Dengue Hemorrhagic fever (DHF) to Dengue Shock syndrome (DSS) .At 

present there are four dengue serotypes are known which are antigenically 

distinct DENV- 1,DENV-2,DENV -3and DENV-4.2  

Dengue fever has widespread distribution in more than 100 countries 

and potential for extensive outbreaks of life-threatening disease. About two-

fifths of world’s population or 2500 million people are now at risk for dengue 

fever and approximately 50 million new cases occur every year worldwide. 

India had reported the largest number of dengue cases of about 33 

million apparent and 100 million asymptomatic infections annually.3 

The Dengue attack rates among susceptible individual is 40-90% during 

the epidemic and about 5, 00,000 cases of DHF require hospitalization each 

year, amongst which a very large proportion are children. DHF is characterized 

by plasma leakage and a hemorrhagic diathesis. In severe DHF, mortality 

results from hypotension and shock.4 

Dengue fever causing serious morbidity and mortality is an emerging 

public health problem. The most widely used method for diagnosis is based on 

serological assays that detect antigen or antibody. The detection of antibodies 
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in the serum is possible only after 5 days after the onset of fever and a paired 

serum is required for confirmation. The serotype of the DENV that causing the 

infection cannot be determined by serological assays. 5 

Early diagnosis within five days of onset of fever can be done by NS1 

antigen detection, virus isolation and nucleic acid amplification. Viral isolation 

is the gold standard but takes more than seven days to complete the process. 

Nucleic acid amplification techniques like Reverse Transcriptase Polymerase 

Chain Reaction, Real time PCR, Multiplex PCR and Nucleic Acid Sequence 

Based Amplification could be done but they require high-precision instruments 

for amplification. An alternative nucleic acid amplification technique is 

required which obviates the need for major instrumentation. RT- LAMP for 

dengue is very precise and amplification is carried in a heating block thereby 

obviating the need for thermal cycler and the results could be observed made 

by naked eye visualization of turbidity itself and doesn’t require sophisticated 

instruments. 6  

This study is aimed to evaluate RT-LAMP technique for early detection 

of dengue infection in the acute phase of illness. Patient management in dengue 

fever entirely relies on good supportive care since there is no licensed vaccine 

or specific antiviral therapy Early and rapid detection is important for patient 

management, prevention of complication and implementation of appropriate 

vector-control measures. 
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AIMS AND OBJECTIVES 

AIM 

1. To evaluate the performance of RT-LAMP in comparison with RT-PCR. 

2. To Evaluate Utility of RT-LAMP in early diagnosis when compared to 

serological assays. 

3. Molecular characterization of Dengue virus by PCR. 

OBJECTIVES 

1. The performance of RT-LAMP with regard to sensitivity and specificity 

would be compared with RT-PCR. 

2. Usefulness of RT-LAMP in early diagnosis of Dengue would be evaluated 

in comparison with serological assays. 

3. To characterize and to study on most prevalent serotype of Dengue virus 

in our centre. 
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REVIEW OF LITERATURE 

HISTORY 

Dengue fever was first referred as “water poison” associated with flying 

insects in a Chinese medical encyclopedia in 992 from Jin Dynasty.7 The word 

dengue is derived from the Swahili phrase ‘Ka-dinga pepo’ meaning “cramp-

like seizure”.8 

First epidemic occurred in Philadelphia in 1780.9 The case was reported 

by Benjamin Rush who coined the term “break bone fever”. 

In 1828, the term dengue fever came into use. Though dengue fever had 

been described in the 18 th century itself the virus was isolated during the 

world war II. 10 

In 1903 transmission of infections was by Aedes aegypti was 

demonstrated. In 1906 viral etiology was proposed. The virus was isolated by 

Sabin in 1944 and existence of Dengue virus serotype was established however 

the one isolated in Calcutta in 1944 from the blood of US soldiers was 

considered as the first reported case. 11 

Global status of Dengue 

Dengue virus has the potential to be transmitted up to 3.6 billion people 

in tropics and subtropical areas.12 

Approximately 50 million-200 million dengue infection, 500,000 severe 

dengue cases, and over 20,000 dengue related death occur annually.13 

Dengue was classified as the ‘most important mosquito-borne viral 

disease in the world’.14 Since there was wide spread of virus and its vector into 
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previously unaffected area.15 DALYs lost due to dengue was 700,000 per year 

globally .16,17 

The main burden of this morbidity and mortality lies with the children in 

most of the countries.18,19,20,21 

In the last 25 years, intensified viral transmission and increased Dengue 

hemorrhagic fever incidents have been established in Americas, South West 

Asia and Oceanic, due to secular changes toward urbanization, population 

growth and mobility.22  

 In Southeast Asia region, dengue is the main cause of hospitalization 

and death in children.23 

Eight SEA countries are classified as hyperendemic and all the four 

serotypes are found. When compared to America the rate of severe dengue is 

18 times higher in SEA countries.5 

Dengue in India 

In India about 33 million apparent, 100 asymptomatic infections occurs 

annually. 24 

All four serotypes are widely prevalent .Since 1996 dengue has been 

reported from 15 States/Union Territories .In Southern India ,the disease has 

been reported in Tamil Nadu, Andhra Pradesh, Karnataka and Kerala. 25 

In 1956 DENV-1 was isolated at Vellore which belongs to the American 

African genotype .There are four lineages in the Indian DENV-1, India I, II, III 

and the Africa lineage. The oldest and the extinct lineage is India III. 
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In the pre-1971 period the American genotype of DENV-2 

predominantly found in circulation was replaced by Cosmopolitan genotype. In 

the next span of fifty years (1956-2011) DENV-2 strains were isolated .In 

Delhi DENV-3 re-emerged in 2003 and marked a changing trend in DENV 

circulation. Though DENV-4 was occasionally reported it is not the 

predominant type. 26, 27 

CAUSATIVE AGENT 

Dengue viruses are Arboviruses belonging to the Genus Flavivirus and 

Family Flaviviridae. 

MORPHOLOGY 

Dengue virus particles are 40 to 50 nm in diameter. They possess a 

single stranded, non –segmented, positive sense RNA approximately 11Kb 

have a spherical nucleocapsid surrounded by a lipid bilayer envelope.  

Small surface projections representing E glycoprotein are anchored to 

virus membrane. The lipid envelope is covered with surface projections 

comprising of the membrane and envelope glycoproteins.28 

The genome is unfragmented. The mature virion consists of structural 

proteins, envelope proteins, membrane associated proteins and seven non-

structural proteins. NSI (associates with infected cell’s membrane), NS2a, 

NS2b, NS3 (perinuclear localization), NS4a, NS4b and NS5 (RNA dependent 

RNA polymerase).The envelope glycoprotein binds to the receptor on the host 

cell. The order of proteins encoded is 5’-C-prM (M)-E-NSI-NS2A-NS2B-NS3-

NS4A-NS4B-NS4BNS5-3’.It is associated with haemagglutination, induction 



 

7 

of neutralizing antibodies and protective immune response. Virulence and 

pathogenicity of dengue virus differ among different strains of the virus.29,30 

TRANSMISSION OF DENGUE VIRUSES 

Dengue viruses are transmitted to humans through the bite of  

mosquitoes of the Stegomyia family principally by Aedes aegypti. The 

mosquitoes remain infected life-long once it is infected and transmitting the 

virus to susceptible individuals. Research on dengue in New Caledonia has 

shown peak transmission at ~32°C and transovarian transmission was also 

seen. The viruses are known to cause infection only in humans .16 

INACTIVATION BY PHYSICAL AND CHEMICAL AGENTS: 

Dengue viruses are inactivated by both the physical and chemical 

methods.  

Chemical methods: Ionic and Nonionic detergents, Trypsin, Formaldehyde, 

Beta-propiolactone 

Radiation:  UV light, Gamma–irradiation 

Disinfectants: Chlorine, Iodine, Phenol and Alcohol. 10 

The viruses are optimally stable at temperatures below -70˚C and within 

30 minutes at 50˚C are rapidly inactivated in blood and other liquids.  

Dengue viruses are most stable at pH 8.4 -8.8 and are rapidly degraded 

at lower pH. Sensitive to acid, bile, lipases and proteases in the gastrointestinal 

tract so oral route of infection is not possible.31 
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THE VECTOR 

Aedes aegypti (Ae. aegypti) is a mosquito found in tropical and 

subtropical region, seen usually between latitudes 35oN and35oS. 

Distribution of Ae. aegypti is limited by altitude. Above 1000m usually 

it is not found but in India it has been reported at 2121m.  

Ae. aegypti has silver lyre-shaped dorsal pattern and white banded legs. 

Usually seen in urban areas with or without vegetations. It bites, rests and lay 

eggs both indoors and outdoors in close proximity to humans. Usually the 

female mosquitoes bite humans during the day time. The virus multiplies in the 

salivary gland of the mosquito. 

When the mosquito bites humans the virus is injected into the host. It is 

a very capable vector of dengue viruses since it prefers to take blood meals 

from humans than domestic mammals. The major production places are 

human-made containers, tree holes and bamboo internodes holding water 

.Outbreaks of dengue have also been attributed to Ae. albopictus, Ae. 

polynesiensis and several species of the Ae. scutellaris complex. Each species 

has its own particular geographical distribution; however, they are less efficient 

epidemic vectors than Ae. aegypti.  

Ae. albopictus has a single longitudinal silvery dorsal stripe and white 

banded legs. 

Mostly an outdoor mosquito an aggressive biter. They bite humans and 

also domestic and wild vertebrates but do not carry the dengue viruses, which 
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lowers its capacity to transmit the dengue virus. Eradication of the vector is 

difficult because it can withstand long periods of desiccation .30 

PATHOGENESIS 

Replication of dengue virus occurs within mononuclear cells including 

skin dendritic cells, tissue macrophages, peripheral blood monocytes and 

hepatocytes. Host cell receptor involved in the viral entry is unknown still.32  

Primary infection in nonimmune persons usually causes DF. Subsequent 

dengue infection by a different serotype causes DHF/DSS. Early in the acute 

stage of secondary dengue infections, there is rapid activation of the 

complement system; blood levels of soluble tumor necrosis factor receptor, 

interferon-γ, and interleukin 2 are elevated. Decreased levels of proactivators 

C1q, C3, C4, C5-C8 and increased C3 levels are seen. These factors may 

interact with the endothelial cells to cause increased vascular permeability 

through the nitric oxide final pathway. The blood clotting and fibrinolytic 

systems are activated, and levels of factor XII (Hageman factor) are decreased. 

This phenomenon is known as antibody-dependent coagulopathy. The 

mechanism of bleeding in dengue hemorrhagic fever is not known, but a mild 

degree of disseminated intravascular coagulation, liver damage and 

thrombocytopenia may operate synergistically. Capillaries may be damaged 

leads to fluid, electrolytes, small proteins, and red cells to leak into 

extravascular spaces. This internal redistribution of fluid results in 

hemoconcentration, hypovolemia, increased cardiac work, tissue hypoxia, 

metabolic acidosis, and hyponatremia. Death may be due to gastrointestinal or 
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intracranial hemorrhages. Minimal to moderate hemorrhages are seen in the 

upper gastrointestinal tract, and petechial hemorrhages are common in the 

interventricular septum of the heart, on the pericardium, and on the subserosal 

surfaces of major viscera. Focal hemorrhages are occasionally seen in the 

lungs, liver, adrenals, and subarachnoid space. The liver is usually enlarged, 

often with fatty changes. Yellow, watery, and at times blood-tinged effusions 

are present in serous cavities in about three fourths of patients.33 

IMMUNE RESPONSE 

In patients with dengue virus infections, IgM antibodies develop 

transiently. It can be detectable on 3 to 5 days of illness and then decline to 

undetectable levels over 2 to 3 months. Anti-dengue virus IgG antibodies 

appears shortly afterwards. 34 

In contrast to primary infection, secondary infection with dengue virus 

there is early appearance of IgG antibodies in high titers before or 

simultaneously with the IgM responses. 30 

Antibodies produced will provide protection against infection with a 

heterologous serotype of dengue virus. Neutralizing antibody levels may 

provide protection against dengue virus. The presence of measurable levels of 

dengue antibody is generally protective but low levels of cross-reacting 

antibodies against different serotype is not protective. In this situation, there is 

antibody enhancement which leads to increased viral replication and 

manifestations of the disease are severe.4 
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Acute primary dengue virus infection is defined as an IgM positive and 

IgG negative and acute secondary dengue virus infection is defined as an IgM 

and IgG positive or IgM negative and IgG positive .35 

Serological tests for the diagnosis of dengue fever rely on the detection 

of IgM antibodies during the acute phase of infection, either a fourfold rise in 

antibody titre in paired sera or a single serum with a positive result in an IgM 

antibody capture ELISA.36 

CLINICAL MANIFESTATION 

The incubation period is about 1-7 days. The clinical manifestations are 

influenced by the age of the patients. In infants and young children, the disease 

may be undifferentiated or characterized by fever for 1-5 days, pharyngeal 

inflammation, rhinitis, and mild cough. A majority of infected older children 

and adults experience sudden onset of fever, with temperature rapidly 

increasing to 39.4-41.1°C (103-106°F). Occasionally, severe back pain is seen 

(back-break fever).In the first 24-48 hr of fever a transient macular rash,which 

is generalized that blanches under pressure may be seen. The pulse rate may be 

feeble relative to the degree of fever. Myalgia and arthralgia are seen which 

increases in severity. But Joint symptoms may be severe in patients with 

Chikungunya or O'nyong-nyong infection. From the 2nd-6th days of fever, 

nausea and vomiting can occur, and generalized lymphadenopathy, cutaneous 

hyperesthesia or hyperalgesia, taste aberrations, and pronounced anorexia may 

develop. Initially the skin appears flushed, but after three to four day of onset 

of fever, an indistinct macular or scarlatiform rash develops which spares the 
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palms and soles. Though the rash fades or desquamates, localized clusters of 

petechiae may remain in the extensor surface of the limbs.33 

DENGUE HEMORRHAGIC FEVER 

In the early course of illness it difficult to differentiate between dengue 

and dengue hemorrhagic fever. There are two phase in dengue haemorrhagic 

fever, first phase is mild with fever, headache, and malaise but after 2-5 days 

there is rapid deterioration in the clinical condition and patient may collapse. In 

the second phase usually the extremities will become cold, trunk will be warm . 

Midepigastric pain and irritability may develop. Petechiea are common on the 

forehead and extremities; In the venipuncture site easy bruising and 

ecchymoses may appear. The pulse is weak and rapid with increased 

respiration rate. Rash may appear and cyanosis may be present. There is 

enlargement of the liver about 4-6cm below the coastal margin which is usually 

tender and firm on palpation. Dengue hemorrhagic fever is complicated by 

dengue shock syndrome in about 20-30% of cases.33 

DIAGNOSIS 

WHO GUIDELINES5 

Dengue fever5 

Probable diagnosis: 

Acute febrile illness with two or more of the following: 

 Headache 

 Retro-orbital pain 

 Myalgia 
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 Arthralgia/bone pain 

 Rash 

 Haemorrhagic manifestations 

 Leucopenia (wbc ≤5000 cells/mm3), 

 Thrombocytopenia (platelet count <150 000 cells/mm3), 

 Rising haematocrit (5 – 10%); 

 and at least one of following: 

 Supportive serology on single serum sample: titre ≥1280 with 

haemagglutination inhibition test, comparable IgG titer with enzyme-linked 

immunosorbent assay, or testing positive in IgM antibody test, and 

 Occurrence at the same location and time as confirmed cases of dengue 

fever. 

Confirmed diagnosis: 

Probable case with at least one of the following: 

 Isolation of dengue virus from serum, CSF or autopsy samples. 

 Fourfold or greater increase in serum IgG (by haemagglutination inhibition 

test) or increase in IgM antibody specific to dengue virus. 

 Detection of Dengue virus or antigen in tissue, serum or cerebrospinal fluid 

by immunohistochemistry, immunofluorescence or Enzyme-Linked 

Immunosorbent Assay. 

Detection of dengue virus genomic sequences by Reverse Transcription-

Polymerase Chain Reaction  
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DENGUE HAEMORRHAGIC FEVER 

Acute onset of fever of two to seven days duration. 

 Haemorrhagic manifestations, shown by any of the following: positive 

tourniquet test, petechiae, ecchymoses or purpura, or bleeding from 

mucosa, gastrointestinal tract, injection sites, or other locations. 

 Platelet count ≤100 000 cells/mm3 

 Evidence of plasma leakage due to increased vascular permeability as 

shown by any of the following: 

 Rising haematocrit/haemoconcentration ≥20% from baseline or decrease in 

convalescence, or evidence of plasma leakage such as pleural effusion, 

ascites or hypoproteinaemia/albuminaemia.37 

DENGUE SHOCK SYNDROME 

Features of dengue haemorrhagic fever with signs of shock including; 

tachycardia, cool extremities, weak pulse, leathargy. 

Differential diagnosis of dengue 16 

 Arboviruses: Chikungunya virus (this has often been mistaken for dengue 

in South-East Asia). 

 Other viral diseases: Measles; rubella and other viral exanthems; Epstein-

Barr Virus (EBV);enteroviruses; influenza; hepatitis A; Hantavirus. 

 Bacterial diseases: Meningococcaemia, Leptospirosis, Typhoid, 

Melioidosis, Rickettsial diseases, Scarlet fever. 

 Parasitic diseases: Malaria 
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LABORATORY DIAGNOSIS  

The definitive diagnosis of dengue can only be made in the laboratory; 

by detection of specific virus, DENV antigens or specific antibodies. Diagnosis 

is made by viral isolation, Nucleic acid amplification technology assay to 

detect the genomic sequence and detection of antibodies specific to dengue 

virus.30 

VIRUS ISOLATION AND CHARACTERISATION 

For detection of dengue virus, viral isolation remains the gold standard 

but it is gradually being replaced by newer molecular methods. For isolation of 

the virus ,the samples should be collected in the acute phase of fever .The virus 

can be isolated from various specimen like plasma, serum, cerebrospinal fluid, 

peripheral blood, pleural fluid and from immune system tissues .38 

Cultivation of DENV can be done by inoculation into mosquitoes, 

Invitro cell culture lines and intracerebrally in mice.38, 39,40 

The most sensitive method is inoculation of Toxorhynchites splendens 

and male Aedes albopictus mosquitoes. The antigen is detected in crushed 

heads of mosquitoes by serotype-specific imunoflurorescence. But stringent 

conditions should be followed while handling the potentially infectious 

mosquitoes. Specimens can also be inoculated into mosquito cell lines like 

LLCMK 2, C6/36, vero and BHK21.Cytopathic effects and plaque formation 

are observed in the cell lines. The method is inoculating into suckling mice 

intracerebrally. The mice will develop the symptoms of encephalitis. By 

immunofluorescence viral antigen can be detected on mouse brain. 38 
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ADVANTAGES 

 Confirmed infection 

 Specific 

 Identifies serotypes 

DISADVANTAGE 

 Requires acute sample (0–5 days post onset) 

 Requires expertise and appropriate facilities 

 Takes more than 1 week 

 Does not differentiate between primary and secondary infection 

 Expensive 38 

MOLECULAR METHODS 

PCR techniques have been developed for the diagnosis of various 

diseases, Dengue viral RNA can be detected from the patients during the acute 

phase of illness itself when the antibodies would not be demonstrated in the 

patients. PCR involves three basic steps: (i) nucleic acid extraction and 

purification; (ii) amplification of the nucleic acid; and (iii) detection of the 

amplified product. The Polymerase Chain Reaction (PCR) can be used to 

amplify and detect RNA viruses by using the enzyme Reverse Transcriptase 

(RT).Specific primers targeting the serotype-specific regions of the genome are 

designed for the detection of DENV. Various protocols have been developed 

for this and there are different types of PCR techniques. 5 

  



 

17 

NESTED RT-PCR 

Nested RT-PCR assay involves using universal dengue primers targeting 

the C/prM region of the viral genome for an initial reverse transcription and 

amplification step, followed by a nested PCR amplification that is serotype-

specific. Sensitivity is more.5 

ONE-STEP MULTIPLEX PCR 

This test is an alternative to nested RT-PCR. A combination of the four 

serotype-specific oligonucleotide primers is used in a single reaction step in 

order to identify the serotype. The products of these reactions are separated by 

electrophoresis on an agarose gel, and the amplification products are visualized 

as bands of different molecular weights after staining the gel using Ethidium 

Bromide dye, and compared with standard molecular weight markers. The 

advantage is that different serotypes can be differentiated by analyzing the 

unique size of the amplicons in the agorose gel. 5  

REAL TIME RT-PCR 

Fully automated real time PCR technique can be used for detection of 

DENV in acute serum samples. This method is rapid, sensitive, 

specific,quantification can also be done.5 
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ISOTHERMAL AMPLIFICATION METHOD 

NASBA 

The NASBA (nucleic acid sequence-based amplification) assay is an 

isothermal RNA-specific amplification assay that does not require thermal 

cycling instrumentation. The advantages of this technology include high 

sensitivity and specificity, ease of identifying serotypes and early detection of 

the infection. It is, however, an expensive technology that requires 

sophisticated instrumentation and skilled manpower. 5 

 

LAMP (Loop-mediated isothermal Amplification Assay) 

LAMP was developed by Eiken Chemical CO.Ltd, Japan in 2000.It is a 

novel single tube method that can amplify a few copies DNA to 109 less than an 

hour under isothermal conditions and does not require a thermal cycler. This 

method involves auto-cycling strand displacement DNA synthesis by a DNA 

polymerase .Set of two specially designed inner and two outer primers are 

used. All four primers are used in the first initial steps and later only the inner 

primers are used for strand displacement and DNA synthesis. The inner primers 

are called forward inner primer and the backward inner primer and each 

contains two distinct sequences corresponding to the sense and antisense 

sequences of the target DNA. 
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ADVANTAGES 

1. LAMP amplifies DNA under isothermal conditions  

2. LAMP is highly specific for the target sequence by six independent 

sequences in the initial stage and in later stage four independent sequences. 

3. LAMP can amplify RNA sequences by combination with Reverse 

Transcription with high efficiency.41 

Brig Ajay Kumar Sahni 6 in his study found that RT-LAMP for dengue 

is superior against RT-PCR in terms of sensitivity and specificity. Out of 100 

dengue positive cases 83% of total serum samples were positive for RT-LAMP, 

77% were positive for RT-PCR. 

RT-RPA 

Recently RT-RPA reverse transcription-recombinase polymerase 

amplification assay was developed. This method is isothermal nucleic acid 

amplification which does not require any special instruments. The RPA assay 

can be performed within 20 minutes and requires a constant temperature of 

only 370 C to 42 o C. The RPA and RT-RPA assays have been utilized for the 

detection of various infections. Since these assays obviates the need of skilled 

persons and well equipped laboratories it can be used for nucleic acid 

amplification for early diagnosis of dengue in the endemic and resources 

limited areas42 
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SEROLOGICAL METHODS 

Various viral infection have been diagnosed by serology, but diagnosing 

dengue virus infection by serology is the most challenging due to cross-

reactivity to homologous and heterologous Flavivirus antigens. But various 

methods have been developed that target different structural and non-structural 

proteins for sero-diagnosis and sero-epidemiological studies of dengue virus 

infection .This method cannot differentiate different serotypes of the DENV. 43 

 

ANTIGEN DETECTION 

Serological assays that directed to the E/M antigen and NS1 antigen in 

the form of an immune complex can detect DENV infections. ELISA and Dot-

blot assays are the technique that are used in the acute phase sera of patients 

with primary dengue infection and secondary dengue infection .44 

The antigen in the Flavivirus NS1 is in two forms membrane-associated 

(mNS1) and secreted(sNS1) from which is about 46-50 Kilodalton 

glycoprotein . It posses both group-specific and type specific determinants. 

NS1 antigen has been detected by capture ELISA. Limitation of the test is 

serological cross-reactivity across the Flavivirus group is common. 45 

 

ANTIBODY DETECTION 

DENV specific antibodies have been demonstrated by various methods 

including 
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Haemagglutination inhibition (HI) test 46 

Neutralization test 47 

Indirect immunofluorescent-antibody test 48 

Enzyme-linked immunosorbent assay (ELISA) 49 

Complement fixation test 23 

Dot blotting 50 

Western blotting 51 

Rapid immunochromatography test 43 

Among these, capture IgM and/or IgG ELISA, and the HI test are the 

most commonly used serological techniques for the routine diagnosis of dengue 

virus infections, as they are simple and allow large number of samples to be 

tested. 52 

HEMAGGLUTINATION –INHIBITION TEST 

The HI was the standard method used in the diagnosis of dengue for 

many years. It being of great value in sero-epidemological studies and to 

differentiate primary infection from secondary infection. During fifth or sixth 

day of illness acute phase antibodies are detected in case of primary infection 

usually it is above 1:10. During the convalescent phase the antibody titer are 

below 1:640. In case of secondary infection there is rapid rise in the titre levels. 

Antibodies levels may remain constant for two to three months in some patients 

when the antibodies begin to fall. HI is not specific and does not identify the 

serotype and require paired serum samples.46 
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COMPLEMENT FIXATION TEST (CF) 

It is difficult to perform, requiring highly qualified, trained personnel so 

not routinely done. The test is based on the principle that the complement will 

be consumed during the antigen-antibody reaction. The antibody appears later 

than HI antibodies and they persist for short periods. Therefore it cannot be 

used for sero-epidemiological studies.23 

NEUTRALIZATION TEST (NT) 

Most sensitive and specific serological test for dengue virus diagnosis. It 

can detect antibodies for long time. High cost and time consummation are the 

major disadvantage of this test .47 

PLAQUE REDUCTION NEURALIZATION TEST (PRNT) 

To determine the dengue antibodies PRNT test is used. Infecting 

serotype in the convalescent sera also can be determined. The assay is used to 

measure the titer of the neutralizing antibodies in the serum of infected patients 

and the level of protective antibodies can be determined.5 

This assay is a biological based assay .The principle of his assay is 

interaction of virus and antibody results in inactivation of virus and the virus 

would not be able to infect and replicate in cell culture. 

Some of the variability of this assay is differences in interpretation of 

the results because of the cell lines and virus seeds used as well as the dilution 

of the sera.5 
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ENZYME-LINKED IMMNOSORBENT ASSAYS (ELISA) 

ELISA is the most useful test because it is easy to perform and highly 

sensitive. Large number of samples can be tested at the same time so ELISA 

has replaced HAI. 

For ELISA pre-processing of the serum is not required and only few 

microlitres of sample are needed. 

In case of DENV infection for the first time there will be only IgM 

antibodies are raised in the serum. Patient with secondary infection IgG 

antibodies are raised in the serum. If the patient is infected with dengue virus, 

antibodies usually develops after five days of the onset of fever,IgM/IgG will 

combine with Anti-human IgM/IgG antibodies that are attached to the 

polystyrene surface of the microtitre plate. The plate is washed, the unbound 

antibodies are removed and antigen-MAb is added to the assay plate. The 

microtitre plate is washed and a colourless substrate is added. Then stopping 

solution is added there will be colour change if anti-dengue antibodies are 

present in the test sample The results are read in spectrophotometer.5 

IgM/IgG ratio 

The IgM/IgG ratio is used to distinguish primary dengue infection from 

secondary dengue infection. A dengue virus infection is defined as primary if 

the capture IgM/IgG ratio is greater than 1.2, or as secondary if the ratio is less 

than 1.2.5 
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RAPID DIAGNOSTIC TESTS 

Lateral flow tests for dengue antibodies, Commercial kits are available, 

which provide same information as ELISA. Viral envelope glycoprotein of 

DENV1, DENV 2, DENV 3, and DENV 4 are being used. The sensitivity is 

less when compared to ELISA but ease of performance, stability is high and it 

can also differentiate primary dengue and secondary dengue infection. There 

are various kits available for rapid detection of dengue infection. Both IgM & 

Ig G are determined in Dengue Duo Cassette Rapid test by lateral assay 

simultaneously .Plasma, serum or whole blood can be used for testing. This test 

also differentiates between primary and secondary infection using single 

addition of serum whereas in case of haemagglutination Inhibition assay series 

of dilution of samples are required. 5 

 

FUTURE TEST DEVELOPMENTS 

Microsphere-based immunoassays (MIAs) 

Microsphere-based immunoassays (MIAs) are becoming increasingly 

popular as a serological option for the laboratory diagnosis of many diseases. 

This technology is based on the covalent bonding of antigen or antibody to 

microspheres or beads. Detection methods include lasers to elicit fluorescence 

of varying wavelengths .5 
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Microarray technology 

The genetic material must be amplified before hybridization to the 

microarray, and amplification strategy can target conserved sequences as well 

as random-based ones. A laser-based scanner is commonly used as a reader to 

detect amplified fragments labeled with fluorescent dyes .5 

 

TREATMENT 

No specific treatment available for DF but careful clinical management 

saves the lives of DHF patients. Mortality may be reduced with appropriate 

intensive supportive therapy. For management of DHF maintenance of the 

circulating fluid volume is necessary. 4 

The management is supportive with bed rest, adequate fluid intake, 

control of fever and pain with antipyretics and analgesics. Hematocrit should 

be monitored frequently. Fresh frozen plasma transfusion may be required in 

severe case. On average, DHF case fatality rates are about 5%. Case fatality 

rates can be as high as 20-40% in DHF/DSS, but can be reduced with early 

diagnosis, proper case management and using fluid replacement therapy.53 
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PREVENTION OF DENGUE 

VECTOR CONTROL 

To reduce dengue related mortality and morbidity vector control 

measures are essential. 

In India A.aegypti is the most common vector followed by A.albopictus. 

Vector control methods involve environmental, chemical and biological 

management approaches. It is important to eliminate the mosquitoes and their 

breeding places. Development of resistance to insecticides is a major concern. 

In A.aegypti there is a wide spread resistance to Organophosphates and 

Pyrethroids. Monitoring of resistance is necessary for effective use of 

insecticide.54 

 

VACCINE 

CHALLENGES IN THE DEVELOPMENT OF DENGUE 
VACCINE: 

An ideal dengue vaccine should produce life-long protective immune 

response. It should produce neutralizing antibodies against all the four serotype 

of dengue virus (DENV 1 to 4) 

Due to the phenomenon of antibody-dependent enhancement (ADF) it is 

very difficult to provide equal protection against all the serotypes of DENV 55,56  

Another major challenge for the development of dengue vaccine is lack 

of appropriate animal model that can be used to demonstrate pathogenesis, 

immune response and the clinical course of dengue infection in humans. 

However non –human primates (HPs) have been used who show dengue 
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viremia kinetics similar to humans have been use for various pre-clinical 

trials.57, 58, 59  

But the utility of NHP is limited to the assessment of viremia since the 

manifestation of uncomplicated fever to DHF and DSS are not completely 

elucidated. After vaccination the development of severe dengue due to ADE 

cannot be evaluated using NHP models60. Though there are challenges existing 

for an ideal dengue vaccine development, various field trial have been 

conducted in both endemic and non-endemic areas. 

The following technologies were attempted to develop a vaccine against 

dengue 

Live attenuated Tissue Culture Vaccine 

Live attenuated vaccine viruses should be capable of producing immune 

responses and immune memory closely similar to that of natural infection by 

wild-type viruses. The vaccine candidate should be tetravalent. The first live 

attenuated virus vaccine was put forth by Albert Sabin in 1940 during World 

War II. He attenuated the Hawaii strain of DENV by serial passage in suckling 

mouse brain. But this approach was abandoned due to safety concerns 

associated with the inoculation of mouse neural tissue.61 

Current methods of producing live attenuated viruses for dengue 

vaccines include attenuation by serial passage in cell lines.62,63 
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Cell culture passage based live attenuated vaccine 

Live attenuated dengue vaccines by serial passage in cell lines was 

initiated at Mahidol University, Bangkok, Thailand. 

Different formulations of the WRAIR-GSK live attenuated tetravalent 

DENV vaccine after two doses in phase II trial had shown to have acceptable 

safety and immunogenicity in small number of healthy subjects. Tetravalent 

antibody rates of more than 60% were documented. 64 However, results of 

evaluation in larger number of healthy adults and children are not available. 

INACTIVATED DENGUE VACCINE 

Vero cell grown DENV that are inactivated by formalin have been 

formulated. These vaccines are free from viral interference and reversion of 

pathogenic phenotype. The vaccines are under Phase 1 clinical trials  

DENGUE SUBUNIT VACCINE 

Subunit vaccines are poorly immunogenic and requires multiple doses 

and vaccine adjuvant. Therefore it is not cost effective. Structural proteins of 

DENV like the envelope (E) glycoprotein that are capable of eliciting 

neutralising antibody responses form the basis of subunit dengue vaccines . 65 
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DENGUE DNA VACCINE 

In case of DNA vaccines the antigen encoding genes are cloned into a 

plasmid vector. It induces protective cytolytic immune response. The vaccine is 

under trail .66 

Inspite of the challenges confronted; the dengue vaccine development 

platform has progressed forward over the past few years, with a number of 

vaccine candidates in different phases of clinical trial. 
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MATERIALS AND METHODS 

STUDY PERIOD 

This Cross-sectional study was done from October 2015 to September 

2016. 

STUDY CENTRE 

Institute of Microbiology in association with Institute of Internal 

Medicine, Madras Medical College & Rajiv Gandhi Government General 

Hospital, Department of Animal Biotechnology, Madras Veterinary College, 

Vepery, Chennai. 

SAMPLE COLLECTION 

Blood samples from 100 patients with clinical features suggestive of 

dengue fever were included in this study5. The samples were collected from 

fever clinic and from in-patients and outpatients attending, Madras Medical 

College and Rajiv Gandhi Government General Hospital, Chennai-3. 

The samples were collected aseptically and serum was separated by 

centrifugation technique. After collection of the whole blood, the blood was 

allowed to clot by leaving it undisturbed at room temperature and then the clot 

was removed by centrifuging at 1,000-2,000 x g for 10 minutes . The separated 

serum was stored at -700C until use. 
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INCLUSION CRITERIA 

Patients above 18 years of age with clinical diagnosis of Dengue fever 5  

 

EXCLUSION CRITERIA 

Age below 18 years 

Fever with confirmed diagnosis of other infections  

 

ETHICAL CONSIDERATIONS 

Written consent from the subject to participate in the study was obtained 

after the full explanation of the study was provided to them. This study was 

reviewed and approved by Institutional Ethical Committee, Madras Medical 

College & General Hospital, and Chennai-3. All data were handled 

confidentially and anonymously.  

 

MATERIALS AND METHODS 

All the 100 samples were tested for Dengue NS1 antigen by ELISA, 

RT-LAMP and RT-PCR for the presence of DEN-V specific RNA 

qualitatively. Dengue serotypes were determined by PCR . Additionally 

Dengue IgM ELISA was done in serum samples from 82 patients of the study 

group patients, in whom a second samples could be obtained after one week of 

fever. 
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DENGUE NS1 ANTIGEN (Panbio Dengue Early ELISA) 

PRINCIPLE 

Serum dengue NS1 antigen, when presents, binds to anti-NS1 antibodies 

attached to the polystyrene surface of the microwells. Residual serum is 

removed by washing and HRP conjugated Anti-NS1 Mab is added. After 

incubation, the microwells are washed and a colourless substrate system, 

tetramethlybenzdine /hydrogen peroxide(TMB chromogen)is added. The 

substrate is hydrolysed by the enzyme and the TMB changes to a blue colour. 

After stopping the reaction with acid, the TMB turns yellow. Color 

development is indicative of the presence of dengue NS1 antigen in the test 

sample. 

MATERIALS REQUIRED 

1. Anti-NS1 Antibody coated Microwells 

2. HRP conjugated Anti-NS1 Mab  

3. Wash buffer 

4. Sample diluents-Tris buffered saline (ph 7.2-7.6) 

5. TMB Chromogen –Mixture of 3, 3’.5.5’-tetramethlbenzidine and hydrogen 

peroxide in citric-acid buffer (ph 3.5-3.8) 

6. Positive control 

7. Calibrator 

8. Negative control 

9. Stop solution-1m Phosphoric acid 

10. Micropipettes and disposable pipette tips 
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11. Deionised water 

12. Microplate washing system 

13. Microplate reader with 450nm filter 

14. Test tubes for dilution 

PROCEDURE 

Sample and control Predilution 

1. The required microwells were inserted into strip holder. 

2. The positive control, negative control, calibrator and the patient samples 

were diluted. 

3. 75 µl sample diluents was added to 75µl of sample and mixed well. 

ELISA PROCEDURE 

1. 100µL diluted test samples and controls were pipetted into their respective 

microwells. 

2. The microtitre plate was covered and incubated for one hour at 370 C. 

3. The plate was washed with diluted wash buffer for six times. 

4. 100 µl of HRP Conjugated Anti-Ns1 Mab is pipetted into each well. 

5. The plate was covered and incubated for 1 hour at 37o c. 

6. The plate was washed with Wash Buffer for six times after incubation. 

7. 100 µl of TMB was pipetted into each well. 

8. The wells were incubated for 10 minutes at room temperature for 10 

minutes. 

9. 100 µl of stop solution was added to all the wells. 
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10. The absorbance of the each well was read at a wavelength of 450 nm with a 

reference filter of 600-650nm, using a dual wavelength spectrophotometer. 

Calculations 

The cut-off value was determined by calculating the average absorbance 

of the triplicate of the cut-off calibrator. 

The index value was calculated by dividing the sample absorbance by 

the cut-off value. 

 

Panbio units can be calculated by multiplying the index value by 10. 

Index value = Sample absorbance 

    Cut-off value 

 

Panbio units= Index value x 10. 

 

TEST VALIDITY 

Calibrator factor =0.64 

Negative absorbance<0.300 

Cut off value >=2.0xNegative Absorbance 

 

Positive control      =    1.1-5.0 

Cut-off 
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Interpretation of results 

Index Panbio units Results 

<0.9 <9  Negative 

0.9-1.1 9-11 Equivocal 

>1.1 >11 Positive 

 

MOLECULAR METHODS-RT-LAMP ,RT-PCR 

STEPS 

1. VIRAL RNA extraction 

2. Synthesis of cDNA 

3. RT-LAMP procedure 

4. RT-PCR procedure 

 

Viral RNA Extraction (Qiagen Viral RNA Extraction kit)  

Requirements: 

1. QIAamp membrane (Provided in the kit) 

2. Wash buffers-1 & 2 (Guanidine hydrochloride buffers, differing by 

concentration) 

3. Elution buffer ( RNase free buffer) 

4. Ethanol (96-100%) 
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5. Carrier RNA 

6. Buffer 3 (Guanidine thiocyanate) 

7. 1.5ml microcentrifuge tube 

8. Microcentrifuge and Vortex equipments 

 

Principle 

The sample is first lysed under highly denaturing conditions (provided 

by buffer 3) (Guanidine isothiocyanate method) (44) to inactivate RNases & to 

ensure isolation of intact viral RNA. Carrier RNA is added to buffer 3, to 

improve the binding of viral RNA to the QIA amp membrane. Buffering 

conditions are then adjusted to provide optimum binding of the RNA to the 

QIAamp membrane and the sample is loaded on to the Mini spin column. 

The viral RNA binds to the membrane and contaminants are efficiently 

washed away in 2 steps using 2 different wash buffers- 1 & 2. Elution is done 

to obtain High-quality RNA using a special RNase- free buffer, the elution 

buffer that contains 0.04% sodium azide. 

The purified RNA is free of protein, nucleases and other contaminants 

and inhibitors. 
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Viral RNA Extraction Procedure: 

1. 560μl of buffer 3 containing carrier RNA was pipeted into a 1.5 ml 

microcentrifuge tube. 

2. The serum sample was added to the tube and mixed by pulse- vortexing for 

15 seconds. 

3. The mixture was incubated for 10 minutes at room temperature. 

4. The tube was centrifuged briefly to remove drops from the inside of the lid. 

5. 560μl of ethanol (96-100%) was added to the sample, and mixed by pulse-

vortexing for 15 secs. After mixing, the tube was briefly centrifuged to 

remove drops from inside the lid. 

6. 630μl of solution was added to a 2ml collection tube and centrifuged for 1 

min at 8000 rpm. The collection tube was placed in the spin column and the 

tube containing the filtrate was discarded. 

7.  Step 6 was repeated. 

8. 500μl of buffer 1(Guanidine hydrochloride) was added to the Mini spin 

column & Centrifuged at 8000 rpm for 1 min. The Mini spin column was 

placed in a 2ml collection tube and the filtrate was discarded. 

9. 500μl of buffer 2 was added, cap closed & centrifuged at full speed, at 

14000 rpm for 3 minutes. 
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10. The QIA amp mini spin column was placed in a 1.5 ml micro-centrifuge 

tube and the old container tube containing filtrate was discarded. 

11. The QIA amp spin column was opened and 60μl of elution buffer was 

added (to elute the viral RNA from the QIAamp mini spin column) and 

incubated at room temperature for 1 minute. 

12. After centrifugation at 8000 rpm for 1 minute, the viral RNA was eluted. 

 

SYNTHESIS OF cDNA(complementary DNA) 

After RNA extraction, reverse transcription was performed to yield 

complementary DNA(cDNA). cDNA was synthesized from viral RNA using 

High capacity cDNA synthesis kit (ABI, USA) following manufacturer's 

protocol.  
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REAGENTS OF cDNA MASTER MIX 

5X PCR stock buffer 4µl 

dNTPs (25mM) 0.8 µl 

Random primer(10X) 2 µl 

DTT(1mM) 0.2 µl 

RNase out(40U/ µl) 0.5 µl 

MmLV RT(200U/ µl) 0.2 µl 

Mili water Q water 3.3µl 

 

PROCEDURE 

1. 15 µl of extracted RNA was added to 10 µl of cDNA master mix. 

2. The mixture was briefly vortexed. 

3. The tubes were kept in a thermal cycler 

The thermal cycling conditions for reverse transcription 470c for 60 

minutes followed by 950c for 5 minutes. 
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RT-LAMP for detection of dengue viral genome 

RT-LAMP was performed using the following primer sequences (sigma-

aldrich) 

S.No Primer ID Primer Sequence (5’-3’) 

1 FIP DENV2 GGTTATTCATCAGAGATCTGCTCTCTTTTATTCTT
TGAGGGAGCTAAGC 

2 FIP DENV4 TTCATTTTTCCAGAGATCTGCTCTCTTTTTTTCGA
ATCGGAAGCTTCGT 

3 BIP DENV1/3 AACGGAAAAAGACGGGTCAACCGTTTTTCTTTGT
CAGCTGTTGCACAGT 

4 BIP DENV2 AACGGAAAAAGGCGAGAAATACGCTTTTCTTTGT
CAGCTGTTGCACAGT 

5 BIP DENV4 AACGAAAAAAGGTGGTTAGACCACTTTTCTTCAC
CAACCCTTGAGGGGT 

6 F3 GTGGACCGACAAAGACAG 

7 B3 
DEN 1/3 GTGAGCAATCCTTTTGAG 

8 B3 DENV2 TGCAGCATTCCAAGTGAG 

9 B3 DENV4 GAAAAAAGTCCGGTTGAG 

10 LR GCGAGAGAAACCGCGTGTC 
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RT-LAMP 

REAGENTS REQUIRED 

REAGENTS FOR ONE SAMPLE 

dNTPs 1.4 mM 

Betaine 0.8 M 

Tween20 0.1% 

(NH4)2SO4 10 mM 

MgSO4 8 mM 

KCl 10 mM 

Tris–HCl 20 mM 

Bst DNA polymerase 16 units 

 

RT-LAMP PROCEDURE 

1. The RT-LAMP was performed in a final reaction volume of 25 μl 

containing 1.4 mM dNTPs, 0.8 M betaine, 0.1% Tween 20, 10 mM 

(NH4)2SO4, 8 mM MgSO4, 10 mM KCl, 20 mM Tris–HCl pH 8.8, 16 units 

of the Bst DNA polymerase (New England Biolabs), 0.25 units of the AMV 

Reverse. 

2. Add 20 pmol each of inner primers FIP/DENV2, FIP/DENV4, 

BIP/DENV1/3, BIP/DENV2 and BIP/DENV4; 2.5 pmol each of outer 
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primers F3, B3/DENV1/3, B3/DENV2, and B3/DENV 4; 20 pmol of loop 

primer LR and 5 μl of the extracted RNA template or cDNA. 

3. A positive control using 1000 copies (determined by qRT-PCR) of DENV 

RNA extracted from culture supernatant and a negative control (nuclease-

free water) were included in each run.  

4. The RT-LAMP reactions were incubated at 60°C for 80 min and inactivated 

at 80°C for 5 min. 

5. Positive amplification reaction was indicated by a colour change from 

yellow (calcein) to green as observed by naked eye visualisation under both 

natural and UV light(302nm). 

6. In case there is no amplification the original colour yellow was retained. 

The colour change was permanent. 

RT-PCR for detection of dengue viral genome 

RT-PCR was carried out using the cDNA as template, Universal 

forward primer 5’TCAATATGCTGAAACGCGCGAGAAACCG3’, Serotype 

specific reverse primers 

DEN-1 reverse 5’CGTCTCAGTGATCCGGGGG3’, 

DEN-2 reverse 5’TGCAGCATTCCAAGTGAG3’, 

DEN-3 reverse 5’TAACATCATCATGAGACAGAGC3’, 

DEN-4 reverse 5’TGTTGTCTTAAA CAAGAGAGGTC3’  

targeting 3’UTR region and thermostable Taq DNA polymerase 

(Promega, USA) loaded to the thermal cycler (Eppendorf, Germany) following 

the cycle conditions of initial denaturation at 940C for 5 min, 35 cycles of 940C 
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for 30 sec, 600C for 45 sec and 720C for 45 sec and final extension of 720C for 

10 min. 

PCR amplicon was detected by 1% or 2% agarose gel electrophoresis 

described by Sambrook et al, 1989 followed by visualization in a gel. RT-PCR 

amplicons of DEN-1 482 bp, DEN-2 200bp, DEN-3 290 bp and DEN-4 389 bp. 

DENGUE IgM ELISA 

The IgM ELISA was performed in the second serum samples obtained 

from 82 patients,after one week of fever . 

 

DENGUE IgM CAPTURE ELISA( Panbio kit)  

PROCEDURE 

Serum predilution 

1. The microwells were inserted into the strip holder. 5 microwells were 

required for positive control (PC), negative control(NC) and cut-off 

calibrator (CO) in triplicate. 

2. The PC, NC & CO & patient samples were diluted using suitable test tubes 

or microtitre plate. 

3. 1000 μl or 1ml of serum diluent was added to 10μl of serum and mixed 

well. 

Elisa procedure 

1. Antigen was diluted 1/250 using the antigen diluent. ie, 10μl of antigen + 

2.5 ml of antigen diluent. A volume of 0.5 ml of diluted antigen was 

required per strip. 
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2. Required volume of diluted antigen was mixed with equal volume of MAb 

tracer (Horse Raddish Peroxidase conjugated Monoclonal antibody tracer) 

in a test tube and kept at room temperature (20- 25˚C) until required. 

3. 100μl of diluted patient sample and controls (one positive control, one 

negative control and three cut-off calibrators) were pipetted into their 

respective microwells of the assay plate. 

4. The plate was covered and incubated for 1 hour at 37˚C. 

5.  After incubation, the plate was washed 6 times with diluted wash buffer. 

6. The antigen- MAb tracer solution is mixed well and 100μl is transferred to 

microtitre wells. 

7. The plate was covered and incubated for 1 hour at 37˚ C. 

8.  The plates were washed 6 times with diluted wash buffer after incubation. 

9. 100μl of TMB (Tetramethylbenzidine) was pipetted into each well and a 

blue colour develops. The plate was incubated for 10 min at room 

temperature. 

10.  At the end of 10min, 100μl of stop solution was pipetted into all wells. The 

blue colour would change into yellow. 

11. The absorbance of each well was read at a wavelength of 450nm with a 

reference filter of 600-650nm, using a dual wavelength spectrophotometer. 
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Calculations 

The cut-off value was determined by calculating the average absorbance 

of the triplicate of the cut-off calibrator. 

The index value was calculated by dividing the sample absorbance by 

the cut-off value. Panbio units can be calculated by multiplying the index value 

by 10. 

Index value =  Sample absorbance 

   Cut-off value 

Panbio units= Index value x 10 

 

Test validity: 

Calibrator mean ≥ 1.5 x Negative absorbance 

Positive control = 1.1-6.0 

      Cut-off 

Negative control < 0.350 

Interpretation of results-Results was expressed as Panbio units and 
interpreted as follows: 

Index Panbio units Results 

<0.9 <9 Negative 

0.9-1.1 9-11 Equivocal 

>1.1 >11 Positive 
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RESULTS 

Total number of samples tested: 100 

The samples were taken from the patients with clinical diagnosis of probable 

Dengue fever as per WHO criteria during the acute phase of illness. 

All the samples were tested for presence of Dengue NS1 Antigen by Panbio 

ELISA, DENV by RT-LAMP, RT-PCR  

Figure 1:Age-wise distribution of patients with clinical diagnosis of 
probable Dengue fever (n=100) 

 

Table 1:Age-wise distribution of patients with clinical diagnosis of 
probable Dengue fever (n=100) 

Age Number Percentage 

 18- 20 years 22 22% 

21-30 years 28 28% 

31-40 years 25 25% 

41-50 years 15 15% 

51-60 years 6 6% 

61-70 years 4 4% 

Total 100 100 
 

The most common age group of the patients with clinical diagnosis of 

probable Dengue fever was 21-30 years (28%) followed by 31-40(25%) years 

of age.  

22%

28%25%

15%
6%

4%

Age

18- 20 years
21-30 years
31-40 years
41-50 years

51-60 years
61-70 years
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Figure 2: SEX-WISE DISTRIBUTION Patients with clinical 
diagnosis of probable Dengue fever (n=100) 

 

 

Table 2: SEX-WISE DISTRIBUTION (n=100) 

Gender Number Percentage 

Male 66 66% 

Female 34 34% 

Total 100 100 

 

In the study population of 100, 66% were males and 34% were females. 

  

66%

34%

Gender

Male Female
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Figure 3: Day of illness, samples were taken among patients with 
clinical diagnosis of probable Dengue fever (n=100) 

 

 

Table 3 : Day of illness, samples were taken among patients with 
clinical diagnosis of probable Dengue fever (n=100) 

Day of Illness Number Percentage 

2nd Day 2 2% 

3rd Day 33 33% 

4th Day 45 45% 

5th Day 20 20% 

Total 100 100 
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Table 4: Spectrum of clinical presentation of patients with clinical 
diagnosis of probable Dengue fever (n=100) 

SNO 
 CLINICAL FEATURES NO.OF PATIENTS PERCENTAGE 

1. Fever 100 100% 

2. Myalgia 78 78% 

3. Headache  21 21% 

4. Haemorrhagic 
manifestations 14 14% 

5. Rash 10 10% 

6. Gastrointestinal 
symptoms 25 25% 

7. Retro-orbital pain 7 7% 
 

Fever (100%) was the most common presentation followed by myalgia 

(78%) and gastrointestinal symptoms (25%) 

Figure 4: Spectrum of clinical presentation of patients with clinical 
diagnosis of probable Dengue fever (n=100)  
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Figure 5: Analysis of Total count of patients with clinical diagnosis of 
probable Dengue fever (n=100) 

 
 

Table 5: Analysis of Total count of patients with clinical diagnosis of 
probable Dengue fever (n=100) 

Total Count Number Percentage 

≤ 5000 wbc/cu.mm 32 32% 

5001-11000 wbc/ cu.mm 52 52% 

 >11000 wbc/ cu.mm 16 16% 

Total 100 100 

 

Leucopenia was seen in 32% of the patients and leucocytosis in 16% of 

the patients. 

  

<5000
32%

5001-11000
52%

>11000
16%
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Figure 6: Analysis of Platelet Count of patients with clinical diagnosis 
of probable Dengue fever (n=100) 

 

 

 

Table 6: Analysis of Platelet Count of patients with clinical diagnosis 
of probable Dengue fever (n=100) 

Platelet Count Number Percentage 

≤ 50000 platelets/cu.mm 29 29% 

50001-100000 platelets/cu.mm 25 25% 

100001-150000 platelets/cu.mm 46 46% 

Total 100 100 

 

A normal platelet count ranges from 1,50,000/cu.mm to 4,50,000/cu.mm 

.Platelet count less than 150000/cu.mm is thrombocytopenia and 

thrombocytosis is more than 450000/cu.mm. 

 

≤ 50000
29%

50001-100000
25%

100001-150000
46%
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RESULTS OF SPECIFIC LABORATORY TESTS 

Figure 7: NS1 Antigen detection in patients with clinical diagnosis of 
dengue fever (n=100) 

 

 

Table 7: NS1 Antigen detection in patients with clinical diagnosis of 
dengue fever (n=100) 

NS1 Antigen Number Percentage 

Positive 31 31% 

Negative 69 69% 

Total 100 100 

 

NS 1 antigen was positive in 31% of the cases.  

31%

69%

NS1 Antigen

Positive Negative
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Figure 8: Positivity of RT-LAMP from samples of patients with 
clinical diagnosis of Dengue fever (n=100) 

 

 

Table 8: Positivity of RT-LAMP from samples of patients with 
clinical diagnosis of Dengue fever (n=100) 

RT-LAMP Number Percentage 

Positive 44 44% 

Negative 56 56% 

Total 100 100 

 

RT-LAMP was positive in 44 % of the cases. 

  

44%

56%

RT-LAMP

Positive Negative
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Figure 9: Positivity of RT-PCR from samples of patients with clinical 
diagnosis of Dengue fever (n=100) 

 

 

Table 9: Positivity of RT-PCR from samples of patients with clinical 
diagnosis of Dengue fever (n=100) 

RT-PCR Number Percentage 

Positive 36 36% 

Negative 64 64% 

Total 100 100 

 

Table 10: Dengue serotype by RT-PCR (n=36) 

serotype Positive 

DENV-1 NIL 

DENV-2 34 

DENV-3 2 

DENV-4 NIL 
 

RT-PCR was positive in 36% of the case. The predominant serotype was 

DENV-2(94%) DENV-3(6%)  

36%

64%

RT-PCR

Positive Negative



 

55 

Figure 10: Positivity of IgM ELISA in serum samples taken after one 
week of illness (n=82) 

 

 

 

Table 11: Positivity of IgM ELISA in serum samples taken after one 
week of illness (n=82) 

 

In a serum samples taken in 82 patients after a week of illness IgM 

ELISA was positive in 44% of the patients 

  

54%

46%

IgM ELISA

Positive

Negative

IgM ELISA Number Percentage 

Positive 44 54% 

Negative 38 46% 

Total 82/100 100% 
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Analysis of results of various assay for diagnosis of dengue fever with 
RT-PCR taken as gold standard 

Detection of NS 1 Antigen Vs RT – PCR Dengue assay (n=100) 

 
RT-PCR 

Total 
Positive Negative 

N
S 

1 
A

nt
ig

en
 Positive 30 1 31 

Negative 6 63 69 

Total 36 64 100 

 

RT-PCR was positive in 36 % of patients and negative in 64 % of 

patients NS1 antigen was positive in 31% of patients and negative in 69% of 

patients 

Table 12: Accuracy Analysis - NS 1 Antigen Vs RT – PCR 

Accuracy Analysis - NS 1 Antigen Vs RT – PCR 

Sensitivity 83.33 % 

Specificity 98.4 % 

PPV 96.77 % 

NPV 91.30 % 
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 Results of Dengue RT - Lamp Vs RT – PCR Dengue assay 

 
RT-PCR 

Total 
Positive Negative 

R
T 

- L
am

p Positive 36 8 44 

Negative 0 56 56 

Total 36 36 100 

 

RT-PCR was positive in 36% of patients and negative in 64% of patients 

RT-LAMP was positive in 44% of patients and negative in 56 % of patients 

 

Table 13: Accuracy Analysis – RT-Lamp Vs RT – PCR 

Accuracy Analysis – RT-Lamp Vs RT – PCR 

Sensitivity 100.00 % 

Specificity 87.5 % 

PPV 81.81 % 

NPV 100.00 % 
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Table 14: RESULTS OF SPECIFIC LABORATORY TESTS FOR 
DENGUE (n=100) 

TESTS POSITIVE NEGATIVE 

RT-PCR 36 54 

RT-LAMP 44 46 

NS1 antigen 31 59 

 

Figure 11: RESULTS OF SPECIFIC LABORATORY TESTS FOR 
DENGUE (n=100) 
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Table 15: Analysis of test positivity of various assays with day of 
illness (n=100) 

D
ay

 o
f i

lln
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s 

T
ot
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po
si
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Pe
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R
T

-P
C

R
 

po
si

tiv
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Pe
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N
S1

 A
nt

ig
en

 

Pe
rc

en
ta

ge
 

2 2 2 100% 2 100% Negative 0% 

3 33 20 60% 12 36% 8 24% 

4 45 18 40% 18 40% 18 40% 

5 20 4  20% 4 20% 5 25% 

 

On day four of illness RT-LAMP gives more positivity when compared 

to RT-PCR 

 

Table 16: CLASSIFICATION OF DENGUE FEVER IN 
LABORATORY CONFIRMED DENGUE CASES (n=36) 

SNO CATEGORY NO OF CASES PERCENTAGE 

1. Dengue fever 22 61% 

2. Dengue haemorrhagic 
fever 14 39% 

3. Dengue shock 
syndrome - - 
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Table 17:Age-wise distribution of dengue cases (n=36) 

Age Number Percentage 

18-20 years 8 22% 

21-30 years 11 36% 

31-40 years 9 25% 

41-50 years 4 11% 

51-60 years 3 8% 

61-70 years 1 3% 

total 36 100% 

 

 

Table 18: Sex-wise distribution of dengue cases(n=36) 

Gender Number Percentage 

Male 24 66% 

Female 12 34% 

Total 36 100 

 

66% were males and 34% were females 
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Table 19: Spectrum of clinical presentation in laboratory confirmed 
Dengue cases (n=36) 

SNO CLINICAL FEATURES NO.OF 
PATIENTS PERCENTAGE 

1. Fever 36 100% 

2. Myalgia 28 77% 

3. Headache 9 25% 

4. Haemorrhagic 
manifestations 14 39% 

5. Rash 3 8% 

6. Gastrointestinal symptoms 14 39% 

7. Retro-orbital pain 3 8% 
  

 Fever (100%) was present in all cases. Myalgia was seen in 77% of the 

cases 

Figure 12: Spectrum of clinical presentation in laboratory confirmed 
Dengue cases (n=36) 
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Table 20: BASED ON WHO CRITERIA CLASSIFICATION OF 
DENGUE INFECTION IN LABORATORY CONFIRMED CASES 
(n=36) 

 

DENGUE FEVER (n=22) 

SNO SIGNS &SYMPTOMS NO.OF PATIENTS PERCENTAGE 

1 Fever 22 100% 

1. Headache 7 32% 

2. Retro-orbital pain 2 9% 

3. Myalgia/Arthralgia 18 82% 

4. Rash 2 9% 

5. Haemorrhagic manifestations 1  5% 

6. Leucopenia 12 55% 

 

In Dengue cases (DF) fever was the most common symptom followed 

by myalgia.  
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Table 21: DENGUE HAEMORRHAGIC FEVER (n=14) 

 

SNO SIGNS &SYMPTOMS NO.OF 
PATIENTS PERCENTAGE 

1. Petechiae 3 21% 

2. 
Bleeding from mucosal sites 
Bleeding gums 
Epistaxis 

3 
2 

22% 
14% 

3. Melena 7 50% 

4. Thrombocytopenia 14 100% 

5. 

Evidence of plasma leakage 
>20%haematocrit 

Pleural effusion 

Ascites 

- 

 

5 

2 

 - 

 

36% 

14% 

 

Thrombocytopenia was seen all the DHF patients .Melena was seen in 

50% of the dengue hemorrhagic fever. 
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Figure 13: Analysis of Total count in dengue cases (n=36) 

 
 

Table 22: Analysis of Total count in dengue cases (n=36) 

Total Count Number Percentage 

≤ 5000 wbc/cu.mm 25 69% 

5001-11000 wbc/cu.mm 10 28% 

 >11000 wbc/mcl 1 3% 

Total 36 100 

 

Leucopenia was seen 69% of the patients 
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Table 23: Analysis of Platelet count in dengue cases (n=36) 

Platelet Count Number Percentage 

≤ 50000 
platelets/cu.mm 20 56% 

50001-100000  
platelets/cu.mm 13 36% 

100001-150000 
platelets/cu.mm 3 8% 

Total 36 100 

 

Thrombocytopenia (100%) was seen all the patients , In 56 % of the 

patients the platelet count was ≤ 50000 /cu.mm 

 

Figure 14: Analysis of Platelet count in dengue cases (n=36) 
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Table 24: Hematocrit values in dengue cases (n=36) 

Hematocrit Number Percentage 

≤ 35% - - 

36-40% 16 44% 

41-45% 14 39% 

45-50% 6 17% 

Total 36 100 

 

 

Table 25: Liver Function test in dengue cases (n=36) 

 

Elevated liver enzymes were seen in 36% of the dengue patients 

  

Liver Parameter Number Percentage 

Not Elevated 23 64% 

Elevated 
AST>35U/L 
ALT>41U/L 

13 36% 

Total   36 100 
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DISCUSSION 

Dengue has been increasingly recognized as an emerging infection. The 

global burden of dengue has grown dramatically in recent years 5. Early 

diagnosis of dengue is crucial for patient management and for reducing 

mortality. 

Currently available diagnostic methods include antigen detection , 

antibody detection by IgM ELISA, and virus detection by nucleic acid 

technique like RT-PCR, real time PCR, multiplex PCR, nested PCR.5 

IgM antibody detection by ELISA is positive only in the later stages of 

illness. Early diagnosis can be made by NS1 antigen detection and nucleic acid 

amplification methods like RT-PCR. It has several disadvantages which 

include requirement of expensive and sophisticated instrument for 

amplification and an elaborate method for the detection of amplified products 

which are labor intensive. Due to their complexity, these methods are often not 

suitable for routine clinical use especially in peripheral healthcare settings and 

small laboratories.  

The present study describes the evaluation of a one-step, single-tube, 

accelerated RT-LAMP assay for rapid detection of DENV for early diagnosis 

of dengue fever in comparison with RT-PCR assay and serological assay. To 

determine the predominant serotype in our centre. 
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This study was done with 100 serum samples from patients with clinical 

diagnosis of probable dengue fever. Clinical diagnosis of probable Dengue 

fever was made based on the WHO criteria .5 

 In the present study, the most common age group (Table1)of the 

patients with clinical diagnosis of Dengue fever was 21-30 years (28%) years 

of age followed by 31-40 years of age(25%) . 

In the study population (Table 2) 66% were males and 34% were 

females. 

In the study population (Table 4) fever (100%) was the most common 

clinical presentation, followed by myalgia (78%) and gastrointestinal 

symptoms (25%) 

Leucopenia (Table 5) was seen in 32% of the study population. 

Thrombocytopenia (Table 6) was seen all the patients (100%). In most of the 

patients the platelet count was in the range 1, 00,000/cu.mm to 1,50,000/ 

cu.mm (46%). In 25% of the patients the platelet count was 50000/ cu.mm to 

100000 and lees than 50000 in 29% of the patients. 

Early detection of dengue infection is important for patient management 

since morbidity and mortality can be reduced. In the present study NS1 antigen 

by Panbio ELISA, RT-LAMP, RT-PCR was done for 100 cases. The antibody 

based tests are not helpful in the acute phase of illness as IgM antibodies are 
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produced in detectable levels after five days of illness and paired serum is 

required for confirmation.5  

NS 1 Antigen detection is an acute marker of dengue infection, being 

positive prior to appearance of Ig M antibodies.  

NS 1 protein circulates in high levels during the acute phase of illness. 

NS1 Ag levels varies from 0.04 - 2 µg/ml in acute-phase serum samples, to 

only 0 .04µg/ml or even less in convalescent phase serum.  

In the present study, the NS1 antigen ELISA was positive in 31 % of 

cases. Referring RT-PCR as gold standard , the sensitivity and specificity of 

NS1 antigen detection by ELISA were 83.33% and 98.4% respectively. The 

positive and negative predictive value were 96.77% and 91.30%. A study 

Nishat Hussain Ahmed et.al 67 found that sensitivity and specificity 73.5% 

and 100 % respectively. The positive and negative predictive value was 100 

and 70% respectively. The sensitivity and specificity varies with the kits used 

and type of infection. The detection rate of NS1 antigen is more in acute 

primary dengue infection and is less in acute phase of secondary dengue 

infection.  

RT-PCR (Table 9) was done for all the samples primer set targeted to 

amplify specific 3’UTR region, 36% samples positive by PCR. When 

compared to NS1 antigen detection assay RT-PCR detected an additional 10% 

of NS 1 antigen negative cases (59%). A study Nishat Hussain Ahmed et.al 67 
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RT-PCR detected an additional 16% of NS1 antigen negative cases. 

Gurukumar et al 68 have reported 100 sensitivity and specificity of RT-PCR. 

Additionally the RT-PCR could be utilized for detection of Dengue virus 

serotype. Among the 36 RT-PCR positive samples the serotype DENV 2 was 

detected in 34 samples(94%) and DENV-3 in two (6%)of the samples. Senthil 

Raja Ramalingam et al, 2014 69 reported that reemergence of DENV-2 in 

Chennai. Birendra Prasad Gupta et,al 70 reported 28% RT-PCR positive 

cases in that DENV-2 was the predominant serotype. 

The nucleic acid technologies are sensitive but limited by requirement of 

infrastructure, expensive and sophisticated instrument for amplification. So an 

alternate method is required for early detection of dengue infection which 

obviates the need for high precision instruments. This can be overcome by RT-

LAMP technique. 

RT-LAMP was performed in all the 100 samples. RT-LAMP (Table8) 

was positive in 44 %cases. The present study the sensitivity and specificity of 

RT-LAMP was 100% and 98.44 %. A study by Monmohan Parida71 

concluded that sensitivity and specificity of RT-LAMP were 100% and 87.5% 

respectively. All the samples positive by RT-PCR were positive by RT-LAMP. 

In the present study RT-LAMP assay has demonstrated higher sensitivity by 

picking up additional 8 positive samples than RT-PCR.  
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The higher sensitivity and specificity of the RT-LAMP reaction are due 

to continuous amplification under isothermal conditions and by employing 

primers that specifically recognize eight distinct regions of the target .72,73,74 

One sample was positive by Ns1 antigen but negative by RT-LAMP and RT-

PCR. 

IgM ELISA was done in sera of the patients which were obtained after 

one week of illness in 82 patients. Among the 82 serum samples tested IgM 

ELISA was positive in 54 % of patients and negative 46% of patients. In all the 

patients in whom NS1 antigen were 31% positive and RT-PCR 36% positive, 

the subsequent serum samples collected after a week tested positive for Ig M 

by ELISA. Out of 44% RT-LAMP positive patients IgM ELISA was positive 

in the subsequent serum samples in 43 cases . One patient tested positive for 

Dengue virus by RT-LAMP alone in whom RT-PCR and NS1 antigen assays 

were negative. IgM ELISA was not performed for that patient as serum sample 

could not be obtained after a week. 

In the present study among 100 patients with clinical diagnosis of 

Dengue fever laboratory proven dengue was 36%. A study by Nishat Hussain 

Ahmed et al, 67 showed a prevalence of 38.9% laboratory confirmed Dengue in 

Northern India. 
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The most common age group infected was 21-30(36%) years of age 

followed by 31-40 (25%) years of age. A study by Pradnya Mukund 

Diggikar et al 75 found that the most common age group infected was 21-

30(38%) followed by 31-40(30%) years of age. 

The predominant symptoms in patients with laboratory confirmed 

Dengue viral infection in the present study was fever(100%),followed by 

myalgia (77%), gastro-intestinal symptoms (39%), haemorrhagic manifestation 

(39%), Headache (25%), retro-orbital pain (11%), rash (8%). Study by Shahid 

Ahamed et al in 2008,76 in a 16 month study involving 5200 fever cases, they 

reported that fever was the commonest symptom (100%), followed by myalgia 

(67%), headache(54%) and rash (28%). 

In this study dengue fever without hemorrhagic manifestations were 

common(61%) followed by dengue haemorrhagic fever 39% and there was no 

case of dengue shock syndrome. The study by Manoj Kumar et al 77 in 

Northern India  showed an incidence of dengue fever in 75% cases, dengue 

haemorrhagicfever in 21.9% cases and dengue shock syndrome in 3.1% of 

cases.  

The study by Mahbubur Rahman et al 78 also revealed 60% dengue 

feverfollowed by 39.2% dengue haemorrhagic fever and 0.6% dengue shock 
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syndrome. As the present study did not include paediatric age group DSS was 

not reported which is common in younger children.  

Haemorrhagic manifestations were seen in (38%) of the cases in the 

present study which included melena (50%), petechiae (21%), bleeding gums 

22%, epistaxis (14%).  

Rachel Daniel et,al 79 Haemorrhagic manifestations, which occurred in 

38 patients(15.2%). Gastrointestinal tract (GIT) bleeding (32%) in the form of 

melena was the most frequent, in his study similar to the results of the present 

study.  

Leucopenia (Table 23) was seen in 69%, Thrombocytopenia (Table 24) 

was seen in all the patients 100%. Platelet count less than 50,000 was seen in 

56% of the cases. In a study by Shahid Ahamed, et al, 2008 76 Leucopenia was 

seen in 78% of cases, thrombocytopenia in 84% of cases, which closely 

resembles our values. Another study by Ritu Karoli 80 2010,found that 119 

(86%) patients had leucopenia; 123 (89%) had thrombocytopenia. 

Elevated liver enzymes (Table 26) were seen in 36% of the patients 

souza et al 81 study elevated liver enzyme was seen in 45 % of the cases. 

As described in the WHO criteria for the diagnosis and clinical 

classification of Dengue fever, results of the specific and supportive laboratory 

investigations should be correlated to classify the Dengue illness. 
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SUMMARY 

  Blood samples from 100 patients with clinical diagnosis of probable 

dengue fever were included in the study. 

 Dengue NS 1 antigen detection by ELISA, RT-LAMP, and RT-PCR 

was done for all the samples during the acute phase of illness. 

Additionally IgM ELISA was done in serum samples in 82 patients 

taken after one week of illness. 

  Laboratory confirmation of Dengue fever in the form of various 

virological assays was determined in 36% of the patients in the study 

group. 

  Fever was the most common presenting symptom (100%), followed 

by myalgia/arthralgia (77%), headache (25%), haemorrhagic 

manifestations (39%), gastro-intestinal symptoms (39%), and retro-

orbital pain (8%). 

 The commonest haemorrhagic manifestations among dengue patients 

was melena. 

 Thromboctyopenia was seen in all the dengue cases and most of the 

patients had a platelet count less than 50,000/cu.mm (56%) at the 

time of presentation. 

 Leucopenia was seen in 69% of the dengue cases. 

 Dengue cases were classified according to WHO criteria into dengue 

fever (61%), dengue haemorrhagic fever (39%) and there was no 

dengue shock syndrome in this study. 
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 NS 1 antigen was positive in 31% of the patients 

 RT-PCR was positive in 36 % of the patients.  

 RT-LAMP was positive in 44% of patients. RT-LAMP was positive 

in addition of eight samples when compared to RT-PCR. 

 Out of 82 samples tested for anti-Dengue IgM antibodies by ELISA 

was positive in 44% of the patients. 

 The most predominant serotype was Dengue virus serotype 2 in 94% 

of patients and dengue serotype 3 was seen in 6% of the patients. 
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CONCLUSION 

 In this study the laboratory confirmed dengue fever was 36%. 

 Clinically the dengue cases were classified according to WHO 

guidelines as 61% Dengue fever cases, Dengue haemorrhagic fever 

cases 39% and no of Dengue shock syndrome cases were recorded 

during the study period. 

 The predominant serotype of dengue virus isolated in the present 

study belonged to Dengue virus serotype-2. 

 RT-LAMP assay is very sensitive diagnostic tool for rapid detection 

and early detection of dengue virus in early phase of illness. The RT-

LAMP assay is an accurate and cost effective diagnostic tool for 

identification of Dengue virus. Due to its simplicity not requiring 

any sophisticated equipment it has been emerging as a potential 

alternative to conventional RT-PCR for clinical diagnosis and 

surveillance of Dengue virus in our country. 

 As described in the WHO criteria for the diagnosis and clinical 

classification of Dengue fever, results of the specific and supportive 

laboratory investigations should be correlated to classify the Dengue 

illness. 



 

 

COLOUR PLATES 

Colour Plate 1: Panbio Dengue NS1 Antigen Early ELISA Kit 

 
 

Colour Plate 2: DENGUE NS1 ANTIGEN DETECTION BY ELISA 

 
  



 

 

Colour Plate 3: ISOTHERMAL AMPLIFIER-HEAT BLOCK 

 
 

Colour Plate 4: RT-LAMP AMPLICONS 

 
 

  



 

 

Colour Plate 5: RT-PCR FOR DENGUE 

 
 

Lane M: 100 bp DNA ladder 

Lane 1,2,3: Samples Negative for the Dengue viral genome 

Lane 4, 5, 6: Positive for Dengue viral genome ,serotype 2 (200bp) 

Lane 7, 8 : Samples Negative for the Dengue viral genome 

Lane 9 : Sample positive for Dengue viral genome, serotype 3 (290 bp) 

Lane 10 : Sample Negative for the Dengue viral genome  
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Colour Plate 6: Detection of Anti-dengue IgM Antibodies by ELISA 

 
 



 

 

ABBREVATIONS 

DENV - Dengue virus 

DF - Dengue fever 

DHF - Dengue hemorrhagic fever 

DSS - Dengue shock syndrome 

RT-LAMP - Reverse Transcription Loop-mediated isothermal 
Amplification Assay 

NS1 - Non-Structural protein 

PCR - Polymerase Chain Reaction 

DALY - Disability Adjusted life Years 

SEA - South East Asian countries 

ELISA - Enzyme Linked Immunosorbent Assay 

CSF - Cerebral Spinal Fluid 

LLCMK2 - Rhesus monkey kidney cells 

Dntp - Deoxynucleotide Triphosphate 

BHK21 - Hamster kidney cell 

Mab - Monoclonal antibody 

RT-PCR - Reverse – Transcriptase Polymerase Chain Reaction 

RT-RPA - Reverse transcription-recombinase polymerase 
amplification assay 

NASBA - Nucleic acid sequence-based analysis 

Vero - African green monkey kidney cells 

ADE - Antibody-Dependent Enhancement 



 

 

   



 

 

PROFORMA 

 

 Name :          IP /OP no: 

 Age:          Ward:  

 Sex: 

 Occupation: 

 Address: 

 
Presenting complaints: 

  Fever 

 Nausea, vomiting 

 Rashes 

 Body ache 

 Any warning signs 

 Abdominal pain, mucosal bleed, 

Past history:  
 
Personal history: 
 

Associated Co-morbid conditions: 
 

Physical examination and General examination: 

 Temperature: 

 BP: 

 Pulse rate: 

 CVS: 

 RS: 

 P/A: 

 CNS: 



 

 

 Haematological investigations: 

 TC 

 DC 

 Hb  

 ESR 

 RBC 

 Platelet  

 Hematocit 

 

Biochemical parameters 

Liver function Tests: 

 

Investigations for Dengue 
NS1 Antigen 
 
RT-LAMP 
 
RT-PCR 

IgM ELISA 

  



 

 

CONSENT FORM 

Study Title: “A Study on Evaluation of performance and Utility of RT-

LAMP (Reverse transcription loop-mediated isothermal amplification 

assay) for early detection of Dengue fever and Molecular characterization 

of Dengue virus by PCR” 

 I…………………………………………, hereby give consent to 

participate in the study conducted by Dr.M.Ilamathy, Post graduate at Institute 

of Microbiology, Madras Medical College, Chennai and to use my personal 

clinical data and the result of investigations for the purpose of analysis and to 

study the nature of the disease. 

I have read and understood this consent form and the information 

provided to me. 

I have had the consent document explained to me. 

I have been explained about the nature of the study. 

I have been explained about my rights and responsibilities by the 

investigator.  

I have been informed the investigator of all the treatments I am taking or 

have taken in the past. 

I have not participated in any research study within the past ________ 

month(s). 

I am aware of the fact that I can opt out of the study at any time without 

having to give my reason and this will not affect my future treatment in this 

hospital. 



 

 

I am also aware that the investigator may terminate my participation in 

the study at any time, for any reason, without any consent. 

I hereby give permission to the investigators to release the information 

obtained from me as result of participation in this study to the sponsors, 

regulatory authorities, Govt. agencies, and IEC. I understand that they are 

publicly presented. 

1. I have understood that my identity will be kept confidential if my data are 

publicly presented. 

2. I have had my questions answered to my satisfaction. 

3. I have decided to be in the research study. 

 

I am aware that if I have any question during this study, I should contact 

the investigator. By signing this consent form I attest that the information given 

in this document has been clearly explained to me and understood by me, I will 

be given a copy of this consent document. 

I also give consent to give my clinical sample (Blood) for further 

investigations. I also learn that there is no additional risk in this study. 

  
For participants: 
 
Name and signature / thumb impression of the participant  

 

Name ___________________________________ 

Signature_________________________ 

Date________________ 



 

 

Name and Signature of impartial witness (required for illiterate patients): 

 

Name ___________________________________ 

Signature_________________________ 

Date________________ 

Address and contact number of the impartial witness: 

Name and Signature of the investigator or his representative obtaining consent: 

 

Name ___________________________________ 

Signature_________________________ 

Date_________ 

  



 

 

 INFORMATION SHEET 

TITLE 

“A Study on Evaluation of performance and Utility of RT-LAMP 

(Reverse transcription loop-mediated isothermal amplification assay) for 

early detection of Dengue fever and Molecular characterization of Dengue 

virus by PCR” 

INVESTIGATOR:  

  Dr.M.Ilamathy, 

  Post Graduate,  

  Institute of Microbiology, 

  Madras Medical College, 

  Chennai - 600003. 

GUIDE:   

  Dr. U.Umadevi, MD., 

  Professor of Microbiology, 

  Institute of Microbiology, 

Madras Medical College, 

Chennai - 600 003. 

 

 Dengue virus is a mosquito-borne flavivirus and the most widely prevalent 

arbovirus in tropical and subtropical region. There are four distinct 

serotypes, DEN-1, DEN-2, DEN-3, and DEN-4, which produce a spectrum 

of illness ranging from inapparent infection to moderate febrile illness and 

severe and fatal hemorrhagic disease.  



 

 

 Early, sensitive and specific diagnosis is paramount for etiologic 

investigation, patient management, prevention of complications and disease 

control in the community. 

 Loop-mediated isothermal amplification (LAMP) is a novel nucleic acid 

amplification method developed by Eiken Chemical Co., Ltd., Japan, and 

has the potential to replace PCR because of its simplicity, rapidity, 

specificity, and cost-effectiveness . 

 

 I am going to collect blood samples from patients with a clinical diagnosis 

of Dengue fever attending RGGGH, Chennai. Patients are included in this 

study after getting informed consent . This study is entirely voluntary and 

patient can withdraw any time from this study. Extra cost will not be 

incurred to the patients in this study. Any doubt regarding this study will be 

willingly clarified. Results of the study will be published. In case of any 

doubt please contact Dr.M.Ilamathy, Cell: 9487716630 



 

 

MASTER CHART 

 

S.N
o

Age Sex Day of 
illness

symptoms Signs Total count Platelet 
count/Cu.mm

Haematocrit 
value

Liver enzymes 
IU/L

NS1 
Antigen

RT-LAMP RT-PCR Dengue 
serotype

IgM ELISA

1 24 F 3 Fever,abdominal pain,headache  - 6,000 1,oo,ooo 38.00% Not elevated Negative Positive Negative  - POSITIVE

2 18 M 4 Fever,abdominal pain,myalgia petechia,pleural effusion 4,000 36,000 36.20% Not elevated Positive Positive positive DENV-2 POSITIVE

3 40 M 3  Fever,vomiting,rash  - 11,ooo 90000 40.20% Not elevated Negative Negative Negative  - Negative

4 18 M 5 Fever,headache,malena Hepatomegaly 4,000 50,ooo 49.20% AST- 42, ALT-60 Positive Positive Positive DENV-2 POSITIVE

5 20 F 4 Fever,myalgia,joint pains  - 6,000 1,oo,ooo 32.40% Not elevated Negative Negative Negative  - Negative

6 27 M 3 Fever,myalgia,vomiting,rash  - 10,ooo 1,04,000 42.40% Not elevated Negative Negative Negative  - Negative

7 25 M 3 Fever,retro-orbital pain,  - 8,000 98,000 41.40% Not elevated Negative Positive Positive DENV-2 POSITIVE

8 18 F 4 Fever,myalgia,vomiting,  - 7,700 50,000 37.20% Not elevated Negative Negative Negative  - Negative

9 20 M 3 Fever,abdominal pain,headache  - 7,400 42,000 38% Not  elevated Negative Positive Positive DENV-2 POSITIVE

10 53 M 3 Fever,myalgia,vomiting,rash  - 4,100 80,000 42.20% Not elevated Positive Positive Positive DENV-2 POSITIVE

11 32 M 4 Fever,headache,vomiting,abdominal pain  - 4,400 107,000 38% Not elevated Positive Positive Positive DENV-2 POSITIVE

12 40 M 4 Fever,myalgia,joint pain  - 10,200 150,000 43% Not elevated Negative Negative Negative  - Negative

13 22 M 2 Fever,myalgia,retro-orbital pain,malena  - 3600 30,000 36.20% Not  elevated Negative Positive Positive DENV-2 POSITIVE

14 20 M 4 Fever,myalgia,vomiting ,abdomina pain  - 11,000 1,04,000 43.20% Not elevated Negative Negative Negative  - Negative

15 19 F 3 Fever,myalgia  - 13,400 50,000 39.20% Not elevated Negative Negative Negative  - NA

16 52 F 4 Fever,myalgia,retro-orbital pain  - 11,000 1,24,000 42.40% Not elevated Negative Negative Negative  - Negative

17 22 F 3 Fever,vomiting,rash,abdominal pain  - 4,100 44000 38.40% AST-45,ALT-58 Negative Positive Negative  - POSITIVE

18 20 M 5 Fever,headache  - 9,800 80,000 46.40% Not elevated Negative Negative Negative  - Negative

19 18 F 3 Fever,myalgia,rash  - 13,400 1,50,000 44.60% Not elevated Negative Negative Negative  - Negative

20 24 F 3 Fever,myalgia,retro-orbital pain  - 3,800 49000 49.10% Not elevated Negative Positive Negative  - POSITIVE

21 47 F 3 Fever,abdominal pain  - 4,500 61000 41.40% Not elevated Positive Positive Positive DENV-2 POSITIVE

22 38 F 3 Fever,myalgia,abdominal pain  - 8,000 106,000 38% Not elevated Negative Positive Negative  - NA



 

 

 

23 33 M 3 Fever,myalgia,vomiting  - 3,700 30000 36.20% Not elevated Negative Positive Positive DENV-2 POSITIVE

24 20 M 5 Fever,retro-orbital pain,headache  - 4,300 98000 41.40% Not elevated Negative Negative Negative  - Negative

25 33 M 3 Fever,myalgia,headache  - 13,400 1,25,000 42.20% Not elevated Negative Negative Negative  - Negative

26 50 M 4 Fever,headache  - 5,000 24,ooo 38.20% Not elevated Negative Negative Negative  - Negative

27 18 M 3 Fever,vomiting,rash  - 8,600 1,00,000 44.20% Not elevated Negative Negative Negative  - NA

28 21 M 4 Fever,myalgia  - 10,500 15,ooo 30.40% Not elevated Negative Negative Negative  - NA

29 20 M 5 Fever,myalgia,bleeding from nose  - 3,800 25,000 38.00% AST- 42, ALT-54 Positive Positive Positive DENV-2 POSITIVE

30 18 M 5 Fever,myalgia,abdominal pain  - 4,200 94000 41.40% Not elevated Positive Positive Positive DENV-2 POSITIVE

31 39 M 4 Fever,myalgia  - 10,200 1,40,000 42.40% Not elevated Negative Negative Negative  - Negative

32 65 M 4 Fever,myalgia  - 11,600 1,oo,ooo 38.20% Not elevated Negative Negative Negative  - NA

33 18 M 3 Fever,myalgia  - 10,500 1,04,000 44.20% Not elevated Negative Negative Negative  - NA

34 32 M 5 Fever,myalgia,malena Ascites 3,800 40,000 45.20% AST-44,ALT-52 Positive Positive Positive DENV-2 POSITIVE

35 28 M 3 Fever,myalgia,rash Petechiae 3,400 60,000 38.20% Not elevated Positive Positive Positive DENV-2 POSITIVE

36 19 F 4 Fever,myalgia,bleeding gums  B/LPleural effusion 4,300 5o,ooo 42.40% AST-38,ALT-62 Positive Positive Positive DENV-2 POSITIVE

37 37 M 4 Fever,myalgia,headache  - 8,500 80,000 41.20% Not elevated Negative Negative Negative  - Negative

38 26 F 5 Fever,myalgia,vomiting  - 4,200 30,000 34.20% Not elevated Positive Negative Negative  - POSITIVE

39 38 F 4 Fever,abdominal pain,vomiting  - 13,400 1,1o,ooo 40.10% Not elevated Negative Negative Negative  - NA

40 26 M 3 Fever,rash,headache  - 10,300 1,44,000 41.10% Not elevated Negative Negative Negative  - Negative

41 47 M 4 Fever,myalgia,vomiting  - 5,000 1,34,000 42.20% Not elevated Negative Negative Negative  - Negative

42 22 M 3 Fever,myalgia,rash Petechia,acites 4,200 35,000 47.70% AST-44,ALT-56 Negative Positive Positive DENV-3 POSITIVE

43 28 M 3 Fever,myalgia  - 7,400 1,50,000 38% Not elevated Negative Positive Negative  - POSITIVE

44 30 M 3 Fever,myalgia  - 9,400 1,44,000 40.10% Not elevated Negative Negative Negative  - Negative

45 52 M 3 Fever,myalgia,headache petechia 7,400 9o,000 43.60% Not elevated Negative Positive Negative  - POSITIVE

46 49 F 2 Fever,myalgia  - 4,300 1,04,000 42.60% Not elevated Negative Positive Positive DENV-2 POSITIVE

47 24 F 4 Fever,headache,joint pains  - 13,400 1,20,000 39.20% Not elevated Negative Negative Negative  - Negative

48 27 F 5 Fever,myalgia,vomiting  - 15,000 1,30,000 42.50% Not elevated Negative Negative Negative  - Negative

49 32 F 4 Fever,myalgia,headache,vomiting  - 8,500 78,000 36.50% Not elevated Positive Positive Positive DENV-2 POSITIVE



 

 

 

50 55 M 5 Fever,myalgia,vomiting  - 7,700 54,000 38.70% Not elevated Negative Negative Negative  - Negative

51 69 M 3 Fever,myalgia,headache  - 8,600 39,000 49.10% Not elevated Negative Positive Negative  - POSITIVE

52 65 M 3 Fever,myalgia,retro-orbital pain  - 3,800 1,07,000 38.00% Not elevated Negative Positive Negative  - POSITIVE

53 20 F 5 Fever,adominal pain,vomiting  - 13,400 1,45,000 39.10% Not elevated Negative Negative Negative  - Negative

54 18 F 4 Fever,myalgia  - 9,800 1,30,000 48.20% Not elevated Negative Negative Negative  - NA

55 28 M 5 Fever,myalgia,rash  - 7,700 1,24,000 42.20% Not elevated Negative Negative Negative  - Negative

56 32 M 4 Fever,myalgia,vomiting petechia,pleural effusion 8,600 24,000 49.10% AST-45,ALT-58 Positive Positive Positive DENV-2 POSITIVE

57 38 M 3 Fever,myalgia  - 9,100 1,36,000 41.20% Not elevated Negative Negative Negative  - NA

58 50 M 4 Fever,myalgia,headache  - 8,600 106,000 38.20% Not elevated Negative Negative Negative  - Negative

59 18 M 3 Fever,myalgia,vomiting  - 4,500 30,000 36.20% Not elevated Positive Positive Positive DENV-2 POSITIVE

60 40 M 5 Fever,myalgia,joint pains  - 9,100 1,40,000 44.20% Not elevated Negative Negative Negative  - NA

61 18 M 3 Fever,myalgia  - 9,800 1,20,000 41.20% Not elevated Negative Negative Negative  - Negative

62 33 M 4 Fever,abdominal pain,vomiting,malena B/Lpleural effusion 4,200 98000 41.40% Not elevated Positive Positive Positive DENV-3 POSITIVE

63 23 M 3 Fever,myalgia  - 3,600 30,000 36.20% AST-36 ALT-52 Positive Positive Positive DENV-2 POSITIVE

64 31 M 4 Fever,headache  - 10,600 1,04,000 43.20% Not elevated Negative Negative Negative  - NA

65 26 F 4 Fever,myalgia,abdominal pain  - 8,600 108000 38% Not elevated Positive Positive Positive DENV-2 POSITIVE

66 30 M 3 Fever,malena  - 3,400 42,ooo 40.00% AST-38,ALT-48 Positive Positive Positive DENV-2 POSITIVE

67 32 M 3 Fever,myalgia petechia 13,500 1,07,000 47.70% Not elevated Negative Negative Negative  - Negative

68 35 M 4 Fever,myalgia  - 10,200 78000 36.50% Not elevated Negative Negative Negative  - NA

69 46 M 4 Fever,myalgia,joint pains  - 4,900 50000 41.20% Not elevated Positive Positive Positive DENV-2 POSITIVE

70 34 F 4 Fever,myalgia,  - 10,500 80000 44.60% Not elevated Negative Negative Negative  - NA

71 19 F 3 Fever,myalgia,headache  - 5,000 25,000 40.00% Not elevated Positive Positive Positive DENV-2 POSITIVE

72 40 F 4 Fever,bleeding from nose  - 4,400 15,000 41.20% AST-44,ALT-48 Positive Positive Positive DENV-2 POSITIVE

73 45 M 5 Fever,myalgia  - 8,700 80000 44.60% Not elevated Negative Negative Negative  - Negative

74 21 M 4 Fever,myalgia  - 6,000 22,000 48.90% Not elevated Positive Positive Positive DENV-2 POSITIVE

75 36 F 4 Fever,myalgia  - 9,100 50000 47.70% Not elevated Positive Positive Positive DENV-2 POSITIVE

76 44 M 4 Fever,myalgia  - 9,800 1,00,000 40.10% Not elevated Negative Negative Negative  - NA

77 60 F 4 Fever,myalgia,bleeding gums  - 8,600 39,000 38.50% Not elevated Positive Positive Positive DENV-2 POSITIVE



 

 

 

78 38 M 4 Fever,myalgia,vomiting  - 12,000 54000 38.70% Not elevated Negative Negative Negative  - Negative

79 18 M 4 Fever,myalgia  - 11,000 1,30,000 38.20% Not elevated Negative Negative Negative  - Negative

80 21 M 4 Fever,myalgia,vomiting  - 3,600 57000 41.50% AST-42,ALT-60 Positive Positive Positive DENV-2 POSITIVE

81 42 M 5 Fever,myalgia,abdominal pain  - 7,300 110000 40.20% Not elevated Negative Negative Negative  - Negative

82 65 F 4 Fever,myalgia,headache  - 11,600 60000 42.50% Not elevated Positive Positive Positive DENV-2 POSITIVE

83 23 F 5 Fever,myalgia,joint pains  - 7,400 1,40,000 38.20% Not elevated Negative Negative Negative  - NA

84 45 F 3 Fever,myalgia,malena Hepatomegaly present 4,300 54,ooo 38.60% AST-38,ALT-56 Positive Positive Positive DENV-2 POSITIVE

85 22 M 5 Fever,myalgia,headache  - 8,100 130,000 44.20% Not elevated Negative Negative Negative  - NA

86 22 M 4 Fever,myalgia,bleeding gums B/L pleural effusion,acites 4,700 78,000 36.50% AST-44,ALT-56 Positive Positive Positive DENV-2 POSITIVE

87 45 F 3 Fever,vomiting  - 12,000 134,000 42.40% Not elevated Negative Negative Negative  - NA

88 33 M 4 Fever,myalgia,headache  - 5,100 25,000 40.00% Not elevated Positive Positive Positive DENV-2 POSITIVE

89 45 M 5 Fever,myalgia  - 13,400 50,000 40.20% Not elevated Negative Negative Negative  - Negative

90 32 F 4 Fever,myalgia  - 9,400 144,000 38.40% Not elevated Negative Negative Negative  - Negative

91 52 M 4 Fever,myalgia,headache  - 10,200 56,000 42.40% Not elevated Positive Positive Positive DENV-2 POSITIVE

92 47 M 4 Fever,myalgia,vomiting  - 8,600 130,000 41.20% Not elevated Negative Negative Negative  - Negative

93 22 F 4 Fever,myalgia,retro-orbital pain  - 4,800 64,000 43.20% AST-42,ALT-62 Positive Positive Positive DENV-2 POSITIVE

94 48 M 5 Fever,myalgia  - 10,500 1,06,000 39.20% Not elevated Negative Negative Negative  - Negative

95 26 M 4 Fever,abdominal pain,vomiting  - 13,400 1,24,000 45.60% Not elevated Negative Negative Negative  - Negative

96 43 F 5 Fever,myalgia  - 14,000 1,30,000 36.20% Not elevated Negative Negative Negative  - Negative

97 20 M 4 Fever,myalgia,joint pains  - 10,500 90000 43.80% Not elevated Negative Negative Negative  - NA

98 34 M 4 Fever,myalgia  - 11,600 96000 42.60% Not elevated Negative Negative Negative  - Negative

99 22 F 5 Fever,myalgia,vomiting  - 6,000 1,28,000 43.40% Not elevated Negative Negative Negative  - Negative

100 26 F 4 Fever,myalgia  - 8,600 1,06,000 39.20% Not elevated Negative Negative Negative  - Negative

Key Words
M Male
F Female
DENV Dengue Virus
NA Not Done
AST Aspartate Transaminase
ALT Alanine Transaminase
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