
I 
 

 

“STUDIES ON THE ASSOCIATION OF FcγRIIa His131Arg POLYMORPHISM 

WITH DENGUE INFECTION: A HOSPITAL BASED CASE CONTROL STUDY” 

 

By 

Dr. SHAAMA GHUNGROO 

 

 

 

 

 

 

 

Dissertation submitted to 

 

SRI DEVARAJ URS ACADEMY OF HIGHER EDUCATION AND RESEARCH,  

(Deemed to be university) 

TAMAKA, KOLAR, KARNATAKA 

 

In partial fulfillment of the requirements for the award of degree of 

 

DOCTOR OF MEDICINE  

IN 

GENERAL MEDICINE 

Under the guidance of 

Dr. PRABHAKAR K.MD 

Professor  

DEPARTMENT OF GENERAL MEDICINE 

SRI DEVARAJ URS MEDICAL COLLEGE  

 

 

 

 

And under the co-guidance of 

Dr. SHARATH B. 

Associate Professor 

DEPARTMENT OF CELL BIOLOGY 

AND MOLECULAR GENETICS 
 

SRI DEVARAJ URS ACADEMY OF HIGHER EDUCATION AND RESEARCH 

TAMAKA, KOLAR, KARNATAKA 

 

MAY 2019 

 



II 
 

 

SRI DEVARAJ URS MEDICAL COLLEGE  

CONSTITUENT COLLEGE OF  

SRI DEVARAJ URS ACADEMY OF HIGHER EDUCATION AND RESEARCH, 

TAMAKA, KOLAR, KARNATAKA 

 

DECLARATION BY THE CANDIDATE 

 

I hereby declare that this dissertation entitled “Studies on the association of FcγRIIa  

His131Arg polymorphism  with dengue infection : A Hospital Based case control Study”  

is a bona-fide and genuine research work carried out by me under guidance of                                 

Dr. PRABHAKAR K. Professor, Department of General Medicine, Sri Devaraj Urs Medical 

College, Kolar and co-guidance of DR.SHARATH B. Assoc. Professor, Department of Cell 

Biology And Molecular Genetics of Sri Deveraj Urs Academy of Higher Education and 

Research, Kolar.  

 

 

 

 

Date: 

Place: Kolar       Dr. SHAAMA GHUNGROO 

 

 

 

 



III 
 

 

 

 

SRI DEVARAJ URS MEDICAL COLLEGE  

CONSTITUENT COLLEGE OF  

SRI DEVARAJ URS ACADEMY OF HIGHER EDUCATION AND RESEARCH, 

TAMAKA, KOLAR, KARNATAKA 

 

DECLARATION BY THE GUIDE  

 

 

This is to certify that the dissertation entitled “Studies  on the association  of  FcγRIIa  

His131Arg polymorphism  with dengue infection : A Hospital Based case control Study” 

is a bona-fide and genuine research work carried out by Dr. SHAAMA GHUNGROO under 

my guidance in partial fulfillment of the requirement for the award of degree of Doctor of 

Medicine in GENERAL MEDICINE . 

 

 

 

Date:       DR. PRABHAKAR K. 

Place: Kolar      Professor 

Department of General medicine 

Sri Devaraj Urs Medical College 

Tamaka, Kolar 

 

 



IV 
 

 

 

SRI DEVARAJ URS MEDICAL COLLEGE  

CONSTITUENT COLLEGE OF  

SRI DEVARAJ URS ACADEMY OF HIGHER EDUCATION AND RESEARCH, 

TAMAKA, KOLAR, KARNATAKA 

 

DECLARATION BY THE CO-GUIDE  

This is to certify that the dissertation entitled “Studies  on the association  of  FcγRIIa  

His131Arg polymorphism  with dengue infection : A Hospital Based case control Study” 

is a bona-fide and genuine research work carried out by Dr. SHAAMA GHUNGROO under 

my co-guidance in partial fulfillment of the requirement for the award of degree of Doctor of 

Medicine in GENERAL MEDICINE . 

 

 

 

 

Date:     DR.SHARATH B. 

Place: Kolar    Associate Professor 

                                                            Department of Cell Biology and Molecular Genetics 

Sri Devaraj Urs Academy of  

Higher Education and Research 

Tamaka, Kolar. 

 

 

                                     



V 
 

 

 

 

 

                                    SRI DEVARAJ URS MEDICAL COLLEGE  
CONSTITUENT COLLEGE OF  

SRI DEVARAJ URS ACADEMY OF HIGHER EDUCATION AND RESEARCH, 

TAMAKA, KOLAR, KARNATAKA 

 

ENDORSEMENT BY THE HOD, PRINCIPAL / HEAD OF THE INSTITUTION 

 

This is to certify that the dissertation entitled “Studies  on the association  of  FcγRIIa  

His131Arg polymorphism  with dengue infection : A Hospital Based case control Study” 

is a bona-fide and genuine research work done  by  Dr. SHAAMA GHUNGROO under 

guidance of  Dr. PRABHAKAR K. MD Professor, Department of General Medicine, Sri 

Devaraj Urs Medical College, and Dr. SHARATH B. Associate Professor , Department of 

Cell Biology and Molecular Genetics, Sri Devaraj Urs Academy of Higher Education and 

Research, Tamaka, Kolar. 

 

Dr. RAVEESHA A.     Dr. HARENDRA KUMAR M.L. 

Professor and HOD     Principal 

Department of General Medicine   Sri Devaraj Urs Medical College, 

Sri Devaraj Urs Medical College   Tamaka, Kolar 

Tamaka, Kolar                                  

 

Date:       Date: 

Place:  Kolar      Place: Kolar 

 



VI 
 

 

 

SRI DEVARAJ URS MEDICAL COLLEGE  

CONSTITUENT COLLEGE OF  

SRI DEVARAJ URS ACADEMY OF HIGHER EDUCATION AND RESEARCH, 

TAMAKA, KOLAR, KARNATAKA 

 

ETHICAL COMMITTEE CERTIFICATE 

 

This is to certify that the Ethical Committee of Sri Devaraj Urs Medical College, Tamaka, 

Kolar has unanimously approved Dr. SHAAMA GHUNGROO Post-Graduate student in the 

subject of GENERAL MEDICINE at Sri Devaraj Urs Medical College,  Kolar to take up the 

Dissertation work entitled “Studies on the association of FcγRIIa His131Arg 

polymorphism  with dengue infection : A Hospital Based case control Study” to be 

submitted to  the Sri Devaraj Urs Academy Of Higher Education And Research Centre, 

Tamaka, Kolar, Karnataka.  

 

 

 

 

Date:       Member Secretary 

Place: Kolar       Institutional Ethics Committee 

       Sri Devaraj Urs Medical College 

Tamaka, Kolar-563101 

 

 

 



VII 
 

 

 

 

SRI DEVARAJ URS MEDICAL COLLEGE  

CONSTITUENT COLLEGE OF  

SRI DEVARAJ URS ACADEMY OF HIGHER EDUCATION AND RESEARCH, 

TAMAKA, KOLAR, KARNATAKA 

 

COPY RIGHT 

DECLARATION BY THE CANDIDATE 

I hereby declare that the Sri Devaraj Urs Academy of Higher Education and Research Centre, 

Kolar, Karnataka shall have the rights to preserve, use and disseminate this dissertation in print 

or electronic format for academic /research purpose.  

 

 

 

 

 

Date:                                                                 Signature of the Candidate   

Place: Kolar       Dr. SHAAMA GHUNGROO  

 

 

 

 

 



VIII 
 

 

 

 

SRI DEVARAJ URS MEDICAL COLLEGE  

CONSTITUENT COLLEGE OF  

SRI DEVARAJ URS ACADEMY OF HIGHER EDUCATION AND RESEARCH, 

TAMAKA, KOLAR, KARNATAKA 

 

ACKNOWLEDGEMENT 

 

I am deeply indebted and grateful to my guide, Dr. PRABHAKAR K. Professor, 

Department of General Medicine, Sri Devaraj Urs Medical College, for his able guidance, 

support, timely advice and constant encouragement throughout the period of the study. 

I would like to express my sincere gratitude to Dr. SHARATH B. Associate Professor 

Cell Biology and Molecular Genetics, Sri Devaraj Urs Academy of Higher Education and 

Research, for his expert advice on the methodology, critical analysis of data of this study to 

get insight into molecular aspects of dengue fever.   

I would like to express my sincere gratitude to Dr. RAVEESHA A. Prof. and Head of the 

Department of General Medicine, Sri Devaraj Urs Medical College for his expert advice and 

constant support during the preparation of this dissertation. 

I express my heartfelt gratitude to Dr. V.LAKSHMAIAH, Dr. B.N. RAGHAVENDRA 

PRASAD, Dr. VENKATA RATHNAMMA PN. Dr. VIDYASAGAR, Dr. SRINIVASA SV, for 

their advice and encouragement throughout the study. 

I would like to thank all my teachers specially Dr. MAHESH K, and Dr. JAYAPRASAD, 

from the Department of General Medicine for their valuable suggestions and support. 

I am evergreatful to Ms. Chaitra, Junior Research Fellow, Dept. of Medicine for her 

unflinching support in the Molecular analysis of the DNA samples of patients.  She has been 



IX 
 

exemplary with good knowledge about the methodology which enabled me to imbibe the 

analytical methods early. 

I am thankful to my postgraduate colleagues especially Dr. MAYUR DAVE,                       

Dr. ARATHI SG, Dr. SANKETH J, Dr. DWARAK S, Dr. TAMEEM I, Dr. MAHARAJ AND 

Dr. RAGHAVENDAR for their motivation and for being a constant sources of strength. 

I am thankful to all my other seniors and dear juniors for all their love, motivation and 

help. 

I would like to thank my friend, Mrs. HARSHITA KS, for her patience and support 

throughout the preparation of this dissertation. 

I am also thankful to Mrs. ANURADHA B.M. And Mr. NATESH GOWDA K,         

non-teaching staff for their invaluable help 

 

 

Date:        Dr. SHAAMA GHUNGROO 

Place: Kolar 

 

 

 

 

 

 



X 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



XI 
 

ABSTRACT 

INTRODUCTION: 

Dengue is an acute mosquito-borne infection caused by dengue virus (DENV).  Both innate 

and adaptive immune responses of the host are involved in the pathogenesis of dengue apart 

from genetic determents of the DENV.  Antibodies generally neutralize the infection when 

bound in sufficiently large numbers to the dengue virus and prevent infection.  Monocytes and 

macrophages are the key targets of DENV and the Fc receptor facilitates its entry into the cells.  

FcRIIa is a low affinity IgG receptor that binds to IgG 1-4.  Functionality of FcRIIa is affected 

by genetic variations.  One such genetic variation results in the substitution of histidine (His) 

amino acid with arginine (Arg) amino acid at position number 131 in the polypeptide chain. 

This substitution reduces the binding property of Fc fragment to the IgG class of antibodies. 

OBJECTIVES:  

1. To determine the spectrum of dengue and its clinical presentation. 

2. To determine the frequency of FcγRIIa His131Arg gene polymorphism in dengue sero-

positive patients. 

3. To analyze by statistical methods the gene polymorphism data for association with 

susceptibility to dengue infection. 

MATERIALS AND METHODS: 

This was a hospital based case-control study involving 72 dengue sero-positive patients and 72 

healthy controls. Genomic DNA was prepared from peripheral blood of the study participants 

and FcγRIIa His131Arg gene polymorphism was genotyped by PCR-RFLP method.  
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RESULTS: 

Out of 72 patients included in the study, 49 patients were males and 23 were females. The age 

profile of the patients was 18-25 years (n=10), 26-45 years (n=51) and 46-60 years (n=11).  

The chief complaints in the patients were fever alone (n=10), fever and pain abdomen (n=33), 

fever and breathlessness (n=12), fever and vomiting (n=8), fever and myalgia (n=6) and fever 

with joint pains (n=4).  Dengue serology profile was done, out of which most patients were 

NS1Ag positive (n=55), IgM positive (n=10), IgG positive in 7 cases. 

The frequency of Arg allele was 45.1% in the patient group and 63.9 % in the control 

group.  The frequency of the Arg allele was 1.4 times higher in the control group than in the 

patient group and the difference was statistically significant (p-value =0.002).  The odds ratio 

for the difference was 0.46.  Arg allele was therefore a protective factor.  The frequency of 

His/His genotype was 30.5% in the patient group and 12.5% group in control group. Thus his 

allele was a risk factor to acquire severe dengue infection.     

CONCLUSION: 

FcγRIIa His131Arg gene polymorphism is associated with the susceptibility to dengue 

infection. This study underlines the importance of variability in the antibody-mediated immune 

response in dengue infection.  

KEY WORDS: Dengue Fever, FcγRIIa gene polymorphism, ADE. 
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INTRODUCTION: 

Dengue is a mosquito borne disease and is a major public health concern around the 

world. There has been a rapid increase in the infection rate and nearly 400 million people 

across the globe are at risk of dengue infection. (1, 18) This infection is caused by dengue 

virus (DENV) which is a member of the genus flavivirus of the family flaviviridae, and is a 

single - stranded positive sense RNA virus.  There are four DENV serotypes (DENV 1 - 4) 

found in tropical and subtropical regions of the globe. (2)  All 4 serotypes are capable of 

causing dengue infection and is now of endemic importance in India. DENV cycles between 

the vectors viz; Aedes aegypti ,Aedes albopictus  and human beings. (3,4) 

Clinically dengue can be classified into – mild, moderate and severe infection based 

on the signs and symptoms.  The severity of dengue infection depends upon age, immune 

status and the viral serotypes. (5) Infection with any one of the DENV serotype could confer 

immunity to that specific serotype.  It is established that all four serotypes exhibit reasonable 

antigenic similarity and are capable of eliciting cross protection for a very short period.  

However, it has been reported that subsequent infection by other serotypes leads to severe 

forms of dengue infection. (3)  All the four forms of DENV serotypes are seen in India and 

among the four, DENV 1, 2 and 3 are wide spread.(6) 

The mechanism by which the immune system of the host responds to DENV has 

been studied in great detail. (7) Both innate and adaptive immune responses are involved in 

the pathogenesis of dengue infection. Antibodies generally neutralize the infection when 

bound to dengue virus particles in sufficiently large numbers and protect against acquiring 

dengue. However, when the antibodies are below the threshold for neutralization, it 

promotes viral replication, and acquisition of dengue. (7)  

Monocytes and macrophages are the principal target for the DENV.  The candidate 

receptor molecules in the host cells include - Fc receptors, glycosaminoglycans (GAGS) and 
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lipopolysaccharide binding CD - 14 associated molecules. (8)  Among the receptors the FcγR 

appears to be the most permissive for DENV entry into the cell.   There are three distinct 

but closely related human FcγR classes - FcγRI (CD64) FcγRII (CD32) and FcγRIII (CD16) 

based on the affinity for IgG, and the location of the genes is mapped to chromosomes 1(9) 

FcγRIIa is a low affinity IgG receptor capable of binding IgG1-4 immunoglobulin subtypes. 

(10) It is the most widely distributed of the FcγR type, and is expressed in polymorphic forms 

on most of the hematopoietic cells. (9). 

The functionality of FcγRIIa is affected by a genetic variation that affects the residue 

number 131 in the receptor protein molecule.  The genetic variation results in the 

substitution of histidine (His) amino acid with arginine (Arg) amino acid. This genetic 

variation alters the affinity of the receptor for different subclasses of IgG such that the form 

having His interacts more efficiently with IgG2 while that with Arg shows higher affinity 

for binding IgG1 and IgG3 subclasses. (11, 12, 13) Thus, the genetic variations of the FcγRIIa 

due to polymorphisms could have differential binding properties. There are few studies done 

in different ethnic populations on the association of FcγRIIa polymorphisms and clinical 

outcomes of the dengue infection, with conflicting results. (14,15) 

 Therefore, adequately powered replicative studies are necessary. The dengue 

experience in India provides an excellent opportunity to study the host genetic determinants 

of this infection.  Thus, this study is expected to contribute towards the existing knowledge 

and provide an insight into genetic susceptibility of DENV infection on account of FcγRIIa 

polymorphism in the South Indian population.   
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OBJECTIVES OF THE STUDY: 

1. To determine the spectrum of dengue and its clinical presentation. 

2. To determine the frequency of FcγRIIa His131Arg gene polymorphism in dengue sero-

positive patients. 

3. To analyze by statistical methods the gene polymorphism data for association with 

susceptibility to dengue infection. 
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REVIEW OF LITERATURE:  

Dengue is the most common mosquito borne viral infection found in tropical and 

subtropical parts across the world.  Each year approximately 400 million people are at risk 

of infection with dengue virus with one fourth of them developing clinical symptoms of 

infection and severe forms of this result in around 25,600 deaths. (4)   This disease is caused 

by the DENV, which is a single stranded RNA virus of the flavivirus genus, family 

Flaviviridea. (16) There are four distinct serotypes of DENV namely, DENV1 - DENV4.  

Infection by any one of the serotypes could result in life long immunity against re-infection 

with the same DENV serotype.  However, one could be vulnerable to infections with the 

other serotypes. (17, 18) 

 

The number of dengue cases has increased significantly in the recent past and is an 

endemic in more than 130 countries world over including India. (1,19,20)  The increase in 

spread of dengue in India has been attributed to unplanned urbanization, changes in 

environmental factors, host pathogen interaction and population immunological factors.  In 

India, both Aedes aegypti and Aedes albopictus are the main vectors and inadequate control 

mechanisms also have been recorded as the cause for the increased infection rate. (4,21) 

 

As per the Indian national guidelines for clinical management of dengue fever. (5) 

Dengue has to be considered as an infection with varied clinical presentations ranging from 

asymptomatic to severe which might lead to increased morbidity and mortality. (22) 

Subjects infected with DENV can be classified as mild, moderate and severe dengue. 

All the symptoms and signs are manifested by capillary leakage, impairment of coagulation 

profile, bleeding or organ involvement. These three categories have been so defined thereby 
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making it easy for the clinician to decide whether the patient requires home management, 

close monitoring , hospitalization or referral to tertiary care hospital.(5) 

 

MILD DENGUE INFECTION: is characterized by undifferentiated Dengue fever i.e fever 

without complications like bleeding, hypotension, organ involvement or any evidence of 

capillary leakage. (23) These patients can be typically managed at home. 

 

MODERATE DENGUE INFECTION:  These patients are classified into two groups  

 Dengue infections with warning signs and symptoms    

 Dengue infection with high risk and co-morbid conditions 

o Dengue Fever (DF) with warning signs and symptoms: This include features like 

recurrent vomiting, abdominal pain or tenderness, general weakness, lethargy, 

restlessness, minor bleeding, pleural effusion or ascites, hepatomegaly and increased 

hematocrit. The presence of any one or more of the above features is considered to 

be the indicator(s) of progression to severity and hence require close monitoring. (5) 

These also include patients having Dengue Hemorrhagic Fever without hypotension 

or shock. However, sometimes patients with minor bleeding may progress to severe 

plasma leakage and could lead to organ involvement, massive bleeding and shock 

and sometimes death.  

o Moderate dengue with high risk and comorbid conditions: Some dengue infected 

patients are likely to progress to severe manifestations in presence of high risk and 

comorbid conditions; which include - infants, old age, diabetes, hypertension, 

pregnancy, coronary artery disease, hemoglobinopathies, immunocompromised 

patients and patients on steroids, anticoagulants or immunosuppresants. 
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These patients need to be closely monitored or possibly hospitalized for further 

management as they can develop severe dengue manifestation due to abnormalities in 

metabolic conditions and plasma leakage. These patients contribute to the increasing 

mortality seen in dengue infected patients. (5,24) 

 

SEVERE DENGUE INFECTION: These patients are recognized by the presence of 

shock, capillary leakage, significant bleeding, multiple organ involvement and severe 

metabolic abnormalities. They need immediate admission and intensive care management 

and should be thoroughly investigated for abnormalities in coagulation profile, complete 

blood count and organ function tests and may require prompt intravenous fluid, blood or 

platelet transfusion. (25,26,27) 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Clinical case classification according to the Indian national guidelines for 

clinical management of Dengue Fever. Journal of the Indian Medical Association. 

Vol.113, No 12, page no 198, December 2015.  
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EXPANDED DENGUE SYNDROME: At times there is severe organ involvement with 

atypical manifestations as elaborated in Table 1.  

 

Table 1:  Systems involved in expanded dengue syndrome as per the Indian National 

Guidelines for clinical management of dengue fever. (5)    

System Atypical manifestation 

Central nervous system 

Encephalopathy, encephalitis, seizures, 

intracranial bleed. 

Gastrointestinal system 

Acute/fulminant hepatitis, cholecystitis, 

cholangitis, acute pancreatitis. 

Renal system 

Acute renal failure, haemolytic uremic 

syndrome, acute tubular necrosis. 

Cardiovascular system 

Cardiomyopathy, cardiac arrhythmia, 

pericardial effusion. 

Respiratory system 

Acute respiratory distress syndrome, 

pulmonary edema, pleural effusion. 

Eyes 

Conjunctival bleed, macular haemorrhages, 

optic neuritis.  
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DENGUE VIRUS: 

Dengue virus (DENV) is a small enveloped single-stranded positive sense RNA 

virus belong to the genus flavivirus, family flaviviridae. There are four serotypes DENV 1-

4. The viral genome is approximately 11kb in length. (28) The virus particle has a diameter 

of 50nm enveloped with a lipid membrane and containing multiple copies of three structural 

proteins:  Core (C), Membrane (M) associated and Envelope (E).  The virus  also contains 

seven nonstructural (NS)  proteins – NS1, NS2a, NS2b, NS3, NS4a, NS4b, and NS5, which 

are expressed both as membrane associated and secreted forms. (29) 

 

NS1 is not a part of the virus but gets expressed on the surface of infected cells, this 

is a character true to dengue virus unlike other viral glycoproteins. Plasma levels of NS1 

have a direct relation with viral titres, being lower in DF and higher in DHF.  Also higher 

levels of NS1 in the first 72 hours of infection place the patient at a risk for DHF.  It has 

also been observed that levels of NS1 have been higher in second time infection with DENV 

than the primary infection with DENV. Suggesting the role of NS1 to contribute to 

formation of circulating immune complexes which are known to have an important role in 

the pathogenesis of severe infection.  The Envelope (E) glycoprotein is responsible for the 

main biological functions of the virus, it facilitates attachment to the receptor and fusion of 

virus envelope with the target cell membrane. It is also associated with heamagglutination 

of erythrocytes, induction of neutralizing antibodies and protective immune responses. 

(30,31,32, 33)  
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THE DENGUE VIRAL REPLICATION CYCLE:  

Dengue virus infect a wide range of human and non-human cell types in vitro. The 

viral replication involves – attachment of virus particle to cell surface, entry of the virus 

particle into cytoplasm, translation of viral proteins, replication of the viral RNA genome, 

formation of virions and release from the cell. 

 

The viral Envelope glycoprotein which mediates the entry of the virus into the cell 

is critical for infectivity, following the binding of the virus into the cell, the viral RNA enters 

the cytoplasm. The viral proteins are directly translated from the viral RNA as a single 

polyprotein molecule which is cleaved to yield the three structural and seven nonstructural 

proteins. The NS5 is the viral RNA dependent RNA polymerase, which assembles with 

several other viral proteins to form the replication complex. This complex transcribes the 

viral RNA to produce negative-strand viral RNA, which serves as the template for the 

production of the viral genomic RNA. (32) 

 

VECTORS:    

Mosquitoes are the vectors in dengue infection. Those belonging to the Aedes genus 

play an important part in the transmission of dengue virus to human beings. Aedes aegypti, 

Aedes albopictus and Aedes polynesiensis are the vectors of importance depending upon 

the geographic location.  In India, the main vector is Aedes aegypti, however Aedes 

albopictus is also seen in South and South Eastern parts of India. (34)   

 

Aedes aegypti, are day biting mosquitoes that thrive well both indoors, mainly in 

bedrooms and living rooms and also outdoors in small collections of polluted water such as 
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coconut shells and flower pots. Improper disposal of waste, unplanned urbanization and 

rainy season are mainly responsible for high mosquito density in endemic areas. (35) 

 

It is the adult female mosquito that becomes infectious following a viremic blood 

meal from an infected human. The virus enters the midgut of the vector, which then spreads 

through the haemocoel and haemolymph to gain access to the different tissues of the vector. 

It finally reaches the salivary gland where the virus replicates and is capable of transmitting 

the virus to another human being via a skin bite. (36) 

 

 The extrinsic incubation period (EIP) is the time between this blood meal and the 

time that the vector takes to become infectious, which is an important determinant in the 

dengue transmission process. EIP approximately ranges between 8 to 10 days. (37)  

 

HOST: 

Infection by any one of the four serotypes of DENV can produce a wide spectrum 

of illnesses from mild, moderate to severe infection, which can occasionally be fatal. (5) The 

mechanisms contributing to this differential outcome are incompletely understood. 

However, it can be related to the interactions between the virus, host immune system and 

genetic factors. Amongst these, the host genetic factors have been shown to play a 

significant role in the disease susceptibility and outcomes. (38)  

 

The host genetic factors include: blood type, human leukocyte antigens (HLA), 

compliments, cytokine mediated immunopathology, single nucleotide polymorphisms 

(SNP) of receptor (FcγR) especially FcγRIIa, vitamin D receptor, TNF-α, human platelet 

antigens and other factors like viral genetic determinants, prior dengue infection exposure 
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and antibody dependent enhancement (ADE), age, ethinicity as well as nutritional status 

relate to dengue virus susceptibility and  infection manifestation and severity. (14,38) 

 

The candidate receptor molecules in the host cells include - Fc receptors, 

glycosaminoglycans (GAGS) and lipopolysaccharide binding CD - 14 associated molecules 

(32). Receptors for the Fc domain of IgG provide a critical link between specific humoral 

responses and cellular aspects of the immune system.  There are three distinct but closely 

related human FcγR classes - FcγRI (CD64) FcγRII (CD32) and FcγRIII (CD16) based on 

the affinity for IgG and the location of the gene is mapped to chromosomes 1. (38) 

 

FcγRIIa is a low affinity IgG receptor capable of binding IgG1-4 immunoglobulin 

subtypes.(9) It is the most widely distributed of the FcγR type, and is expressed in 

polymorphic forms on most of the hematopoietic cells. (38) The functionality of FcγRIIa is 

affected by a genetic variation that affects the residue number 131 in the receptor protein 

molecule.  The genetic variation results in the substitution of histidine (His) amino acid with 

arginine (Arg) amino acid. The genetic variation alters the affinity of the receptor for 

different subclasses of IgG such that the form having His (H) interacts more efficiently with 

IgG2 while that with Arg (R) shows higher affinity for binding IgG1 and IgG3 subclasses. 

(39, 40, 41).    

 

There are few studies done in different ethnic populations on the association of 

FcγR11a polymorphisms and clinical outcomes of the dengue infection, with conflicting 

results.  The genotypic and allelic distribution of  FcγR11a His131Arg polymorphism in 

subjects affected with DENV in  a study conducted in Pakistan(14), showed that, the Arg/Arg 

homozygotes and His/Arg heterozygotes were significantly more likely to develop dengue 
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infection with an OR = 3.21, and His/His were noted to have protection from acquiring 

dengue.(14)   Similar observations have been reported in a Cuban population(10), which 

reported that Arg/Arg and His/Arg contribute to acquiring dengue infection and His/His 

were noted to be protective, however findings from a Mexican(15) study were found to be 

contradictory where in the presence of His/His was found to be susceptible to acquire 

dengue infection and Arg/Arg was found to be protective.  

 

PATHOGENESIS:  

All infectious disease consists of the invasion of the microorganism followed by the 

host response, including disease manifestation and elimination of the organism. The DENV 

infection is unique in that pre-infection events may control the invasion of microorganism 

and in turn affect the severity of dengue manifestations and outcomes. Epidemiological and 

experimental studies carried out in humans and animals have provided valuable information 

on dengue virus infection.  

 

One of the current hypotheses emphasize on the tropism of dengue virus, on the 

outcome of DENV infections. It has been shown that, three organ systems play an important 

role in the pathogenesis of DF, DHF and DSS. These are the immune system, the liver and 

the endothelial cells linings of the blood vessels. (42) The entry of the dengue virus due to 

mosquito bite into the blood stream, with spillover into the epidermis and dermis and infects 

the langerhans cells (43) and keratinocytes (44) It then enters into the lymph nodes through the 

lymphatic system, followed by a primary viremia and infection of several cells of the 

mononuclear lineage such as monocytes (45) myeloid dendritic cells (46,47) and splenic as well 

as liver macrophages. (48,49,50) Leukocytes are also shown to get infected with dengue virus 

in non-human primates. (51) During a secondary infection with a heterologous DENV the 
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DENV specific immunoglobulin IgG forms a complex which gets opsonized and are taken 

up by the mononuclear cells which in most occasions lead to death of the cells by apoptosis. 

(52,53)  The bone marrow stromal cells also have been shown to be susceptible to the infection 

with DENV.(54,55) 

 

DENV cell tropism can be understood from the studies utilizing in-situ 

hybridization, immunohistochemistry (IHC) and by the isolation of the virus utilizing PCR.  

Studies conducted on children who died of severe dengue infection have led to the 

identification of the following organ systems getting infected by DENV namely: skin (56) 

liver (57,58) spleen (59,60) lymph node (61) kidney (62) bone marrow (63) lung (64,65) thymus (66) and 

brain.(67) Among these, liver has been shown to be commonly involved in DENV infection 

leading to elevated liver enzyme levels and bleeding diathesis. (68,69)  

 

Endothelial cells also play an important role in the dengue virus infection, though 

there are contrasting reports, the presence of dengue viral antigen has been shown in 

vascular endothelium. (70,71) The entry of the dengue virus into endothelial cells is thought 

to be by  pinocytosis rather than  FcR mediated entry of the opsonised virus. This clearly 

shows that there are alternate processes of entry of DENV into cell systems.  

 

There are several studies suggesting vascular damage as one of the critical aspects 

in the pathogenesis of DHF and DSS (72) especially the pulmonary and abdominal 

vasculature. It has been shown that structural damage of the vascular cells is linked to NS1 

of dengue virus.(73,74)  
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Viral virulence has also been shown to be responsible for differential dengue 

infection manifestations, the viral genetic variations have been shown to be associated with 

the virulence(75,76) epidemics with high incidences of DHF have been shown to be associated 

with a primary infection by DENV 1 followed by DENV 2 or DENV 3. (3,77) The 

observations of DHF and DSS on account of secondary infection are also seen in primary 

infection in a much lesser extent indicating that host factors must have some critical role in 

the manifestation of severe disease. (78) 

 

As evident from the above, differences in the disease susceptibility could also be 

attributed to host genetic factors and this has been established by several epidemiological 

studies. This has been linked to certain host factors like deficiency of G6PD.(79) 

polymorphism in mannose binding lectin 2,(80) polymorphism in transporters associated with 

antigen presentation and human platelet antigen in developing DHF. Individuals who 

develop DHF or DSS but are otherwise healthy could serve as subjects to identify 

polymorphism single gene defects in developing severe form of dengue viral infection. (81) 

 

In majority of the acute viral infection, antibodies both neutralizing and non-

neutralizing levels have been shown to be associated with control, elimination and 

protection to the host.  However, there are studies describing that subsequent to primary 

infection by one serotype the individuals are shown to exacerbate the infection when they 

get infected with another serotype for the second time. This has been shown to an affect 

termed as antibody dependant enhancement (ADE) of the disease. (39) There are several 

epidemiological studies in support of this, leading to pathogenesis of DHF.( 82,83,84) There 

are reports which state that not all severe diseases are associated with ADE. In some cases, 

the DHF and DSS have been seen without much load of virus or viral RNA. (31)  
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Another, hypothesis is that the FcR mediated entry suppresses the anti-viral immune 

response. A study with rose river virus exhibited viral entry through the FcR pathway, could 

suppress anti-viral genes and enhance IL-10 production in macrophages. 

Antigen presenting cells such as dendritic cells, monocytes and macrophages takes 

up opsonized virus through FcR mediated phagocytosis, this leads to antigen processing and 

presentation to effector cells of the immune system, ultimately leading to viral clearance. 

The integrity of FcγR functioning is critical in the handling of opsonized virus particle. 

Polymorphisms in the FcγR have been shown to significantly reduce the binding to 

immunoglobulins and opsonized virus.(14) 

 

The aforementioned review of literature on dengue infection clearly indicates that, 

this infection is unique in many ways.  The infection with DENV can be asymptomatic or 

could manifest in mild, moderate and severe forms.  These events depend upon the viral 

virulence and host immune responses and importantly the host genetic factors. There are 

two types’ infections possible with DENV- a primary infection which happens when the 

individual is exposed or infected with DENV for the first time.  On the other hand, the 

secondary infection is in an individual who has had a contact with DENV earlier by any one 

of the serotypes of DENV 1-4.    

Secondary infection leads to a more severe form of dengue and is explained through 

a process called ADE.  This disease has been considered as an endemic in many countries 

of the world and people are at risk of acquiring this infection.  Host genetic factors have 

been shown to be one of the primary determinants for the predisposition of the individual to 

the dengue infection.  Therefore genetic analysis and studies gather momentum in dengue 

infection related research.  
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MATERIALS AND METHODS:  

Study Design: This was a case-control study. The study was started after obtaining ethical 

clearance from the Institutional Ethics Committee. Dengue patients who met the diagnostic 

and inclusion - exclusion criteria were enrolled in the study after obtaining informed consent 

(Annexure-II, III). Age and gender matched individuals without history of dengue infection 

were enrolled from the local population as controls. Standard of care was given to all the 

patients irrespective of their decision to enroll in the study. Clinical information was 

collected in a structured proforma (Annexure-I). 3 ml of peripheral blood sample was 

collected from both cases and controls and used for genetic analysis. FcγRIIa His131Arg 

gene polymorphism was determined by the PCR-RFLP method. The association of the 

polymorphism with susceptibility to dengue infection was determined by statistical analysis. 

 

Study Population:  Both inpatients (IP) and outpatients (OP) were enrolled from the 

Department of General Medicine,   R. L. Jalappa Hospital and Research Centre the teaching 

Hospital of Sri Devaraj Urs Medical College, Tamaka Kolar. Age and gender matched 

individuals without history of dengue infection were enrolled from the local population as 

controls. 

 

Sample Size: Sample size was calculated using Openepi web-tool using data from. (14) The 

number of samples required to achieve a power of 80 % with two-sided confidence level (1-

alpha) of 95% was found to be 72 cases and 72 controls.  

 

Study Period:  November 2016- October 2017.  
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Inclusion Criteria: 

1. Both male and female patients of age 18 years and above 

2. Patients who meet the clinical criteria for dengue infection. 

3. Patients with laboratory diagnosed co-infection. 

 

Exclusion criteria:  

Co-morbidities  such as - hypertension, diabetes mellitus, hepatitis, chronic kidney disease, 

respiratory disorders like tuberculosis, chronic obstructive lung diseases, bronchial asthma 

, lung malignancies  and gastrointestinal or any disorder with platelets less than 1,50,000 as 

an incidental finding. 

 

Diagnostic criteria: According to WHO 2009 guidelines. (88) 

1. Continuous fever lasting 2 to 7 days.  

2. Haemorrhagic tendencies as shown by positive tourniquet test.  

3. Thrombocytopenia (platelet <1,50,000). 

4. Evidence of plasma leakage manifested by haematocrit >20%. 

5. Confirmation by dengue serology.  

 

GENETIC STUDY METHODS: 

Composition of the Reagents and buffers used for DNA isolation and PCR-RFLP technique 

and the reagents and buffers were prepared with Analytical Grade chemical obtained from 

Merck, Qualigens, BDH, and Himedia. 
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A. Reagents for DNA extraction:  

 

1. Tris-HCl 1.0M (pH 8.0)  

121.1g of Tris-base was dissolved in 900ml of sterile Milli Q water and the pH was adjusted 

to 8.0 with hydrochloric acid. The final volume was made up to 1000ml with sterile MilliQ 

water and sterilized by autoclaving procedure. 

 

2. EDTA di-sodium salt 0.5 M (pH -8.0) 

18.6grams of di-sodium EDTA was dissolved in 80 ml of sterile Milli Q water and 

15.20grams of sodium hydroxide pellets were added to increase the pH towards 8.0. When 

sodium hydroxide pellets dissolved completely, 1N HCl was added to bring pH to 8.0 the 

final volume was made up to 100ml and sterilized by autoclaving. 

 

3. Sodium Chloride 5.0M  

29.2g of sodium chloride was added to 80ml of sterile Milli Q water and warmed to assist 

dissolution. The final volume was made up to 100ml with double distilled water. 

 

4. Sodium Dodecyl Sulphate (SDS 20%) 

20g of SDS was dissolved in 80ml of sterile Milli Q water gently by slow mixing to avoid 

frothing. The solution was kept in water bath at 650C to assist complete dissolution. The 

final volume was made up to 100ml filtered and stored. 

 

5. Proteinase K Solution 

Stock Proteinase K solutions were prepared at a final concentration of 20mg/ml stored at -

200C. 
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6. Isopropyl Alcohol  

Commercially procured and stored under refrigerated condition. 

 

7. Ethanol 80% 

80 ml of ethanol was mixed with 20 ml of sterile Milli Q, stored at 40C. 

 

8. Erythrocyte lysis buffer (ELB) 

72 ml of 1.0 M NH4CL solution mixed with a 0.5 ml of 1.0 M KHCO3, these components 

were mixed with sterile Miili Q water to make up final volume of 500 ml. 

 

9. 10 mM Tris- EDTA buffer (pH 8.0) 

5 ml of Tris HCl 1mM (pH 8.0) mixed with 1ml of disodium EDTA 0.5 M dissolved in 496 

ml of dH2O to obtain 500ml of buffer to which final concentration of 10 mM Tris and 1 mM 

EDTA. 

 

B. Reagents for PCR and RFLP 

All the PCR fine chemicals were commercially procured from Bangalore Genei Bangalore. 

10X DNA polymerase and 10X dNTP mix (10mM), Primers: Primers were obtained from 

Sigma Aldrich chemicals. Restriction enzyme BstuI were procured from New England 

Biolabs, USA. 

 

C. Reagents for agarose gel electrophoresis:  

1. Tris - Acetate EDTA (TAE) buffer 50X (pH 7.2) 

 Tris base and disodium EDTA (Tris base 2.0 M, glacial acetic acid 1.0 N and disodium 

EDTA (0.5 M) were dissolved in sterile Milli Q water. Using glacial acetic acid, pH was 
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adjusted to 7.2.The final volume was made up to 1000 ml and sterilized by autoclaving, 

stored at room temperature. 

 

2. Ethidium bromide 10 mg/ml 

To 1 ml of sterile Milli Q water, 10 mg of Ethidium bromide was added and mixed well for 

complete dissolution of the dye. The stock solution was stored in aliquots in air tight 

containers wrapped with aluminium foil, stored at room temperature. 

 

3. DNA sample loading dye 6X 

Ficoll-400 (6%): A synthetic high molecular weight (MW 400 000) polymer of sucrose and 

epichlorohydrin Ficoll – 400 which is readily soluble in water was made up to 6%. 

Bromophenol blue (0.12%), Xylene cyanol FF (0.12%), Tris –HCL 12mM (pH 7.5) and 

120mM Disodium EDTA. H2O were mixed using sterile Milli Q and stored at Room 

temperature. 

 

4. Agarose 

Commercially available Agarose was prepared in TAE buffer to the required strength  
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METHODOLOGY: 

A. DNA extraction from human blood: 

Genomic DNA \was isolated from blood samples by salting out method (85) Blood 

samples were collected in sterile EDTA vacutainer and were stored at 40 C until processing. 

Genomic DNA was isolated from the peripheral blood by salting out method. 

 

RBCs were removed by repeated osmotic shock treatment. To do this, 4 volumes of 

erythrocyte lyses buffer (ELB) was added to the blood and vortexed. The tubes were kept 

on ice for 30 min to facilitate hemolysis. The samples were then centrifuged at 3000 rpm 

for 10min and the supernatant was discarded. The pellet was re-suspended in 2.5 ml of ELB, 

vortexed and brought up to 10 ml with additional ELB. The sample was centrifuged at 3000 

rpm for 10 min. ELB treatment was repeated two more times. The white pellet was 

suspended in 1.8 ml of ELB and vortexed again. To this ELB was added to make up the 

volume up to 5ml. 270µl of 20% SDS and 30 µl of proteinase K (10mg/ml) were added and 

mixed. Samples were incubated at 370C in waterbath overnight. 

 

The next day, 500 μl of 5M NaCl followed by equal volume of isopropyl alcohol 

were added to the lysate. The tubes were swirled to force the resultant silky and mucoid 

threads of DNA into a globular mass. DNA precipitate was transferred to 0.5 ml of freshly 

prepared 80% ethanol and incubated at room temperature for 15 minutes. It was centrifuged 

at 12000 rpm for 5 minutes .the supernatant obtained was discarded, and this step was 

repeated for three times to obtain purified form of DNA. The DNA was then air dried and 

dissolved in 500 µl of Tris-EDTA buffer and then incubated at 650C for 30 minutes, and 

kept on rotator until it is dissolved in TE. The dissolved fraction was refrigerated at 40 C for 

one day and stored at -200C until use. 
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B. DNA quantification:  

The quality and quantity of the DNA samples were assessed by spectrophotometric 

method by using Perkin Elmer Lambda 35 UV- visible spectrophotometer. 50µl of TE buffer 

was pipetted into quartz cuvette and subjected for auto zero correction. 48µl of TE buffer 

and 2µl of DNA sample were added in quartz cuvette, the absorbance was measured at 260 

and 280 nm. The absorbance at 260nm gives DNA concentration and the ratio between 

260/280 gives the purity of DNA. DNA samples with 260/280 absorbance ratio between 

1.7-1.9 were considered for PCR procedure. However, DNA samples with absorbance ratio 

less than 1.7 were subjected for re-precipitation until the desired absorbance is obtained. 

Then after, DNA sample of expected purity was used for PCR procedure.  

 

C. PCR amplification of FcγRIIa His131Arg gene polymorphism: 

Genomic DNA was amplified by Polymerase Chain Reaction on Bio Rad C1000 

Touch Thermal Cycler. The primer pairs used are given in Table 2:  Before setting up the 

PCR, dNTP mix, genomic DNA and primers were diluted to their specific concentrations. 

25µl of dNTP stock was diluted with 75µl of sterile Milli Q water.10µl of stock primer 

diluted with 90µl of sterile water respectively. PCR program for amplification is shown in 

Table 3: Composition of 25 μl reaction mixture shown in Table 4: 

Table 2: Primers used for the PCR amplification 

PRIMER SEQUENCE 

Forward primer 5’ GGA AAA TCC CAG AAA TTC TCG C 3’ 

Reverse primer 5’ TAC CTA TTA CCT GGG ACG TGA G 3’ 
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PCR amplification was confirmed by 2 % Agarose gel electrophoresis. 100 bp DNA 

molecular weight marker was used to confirm the amplicon size. Electrophoresis was 

carried out at 100 V, for 1 hour and the gel was visualized in the gel documentation system. 

Table 3: Program used for PCR amplification 

Step Temperature 

( 0C) 

Time 

Initial Denaturation 95 5 min 

Cycle denaturation 95 30 sec 

Annealing 59 30 sec 

Cycle extension 72 30 sec 

Repeat -- 30 X 

Final extension 72 5 min 

 

Table 4: Composition of the PCR mix 

Component 

Final 

Concentration 

1X Taq Buffer with MgCl2 1 x (1.5 mM) 

dNTPs 0.2 mM 

Forward primer 10 pM 

Reverse primer 10 pM 

Taq DNA Polymerase enzyme 1 U 

Template DNA 100 ng 

Sterile Milli Q water As per requirement 

Total Reaction Mixture Volume 25 µl 

 



24 
 

D. RFLP analysis of FcγRIIa His131Arg gene polymorphism: 

The PCR product was digested with 5U of BstUI restriction enzyme and incubated 

for 8 hours at 370 C. Composition of the rection mixture for restriction Digestion is shown 

in Table 5. FcγRIIa His131Arg gene polymorphism creates a BstUI restriction site causing 

cleavage of the 348 bp fragment into 327 bp and 21 bp fragments. The digested products 

were separated on 3% Agarose gel, stained with ethidium bromide and visualization under 

UV illumination in a Gel Doc System. 

 

Table 5: Composition of the restriction digestion reaction: 

Component Volume 

PCR product 8.5 µl 

10 X reaction buffer 1 µl 

BstUI Enzyme (10 U/ µl) 0.5 µl 

Total Reaction Volume 10 µl 

 

E. Statistical analysis:  

Statistical analysis was done using the Statistical Packages for Social Sciences 

software (SPSS, version 22, SPSS Inc., and Chicago, IL, USA). Allele and genotype 

frequencies of the two groups were compared using relevant contingency tables. Difference 

between the groups was determined by calculating Dominant and Recessive genetic model 

using Fisher’s exact. P-values <0.05 were considered as statistically significant. The study 

population was tested for conformity to Hardy-Weinberg equilibrium using the web 

program by Rodriguez and coworkers. (86)  
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RESULTS: 

1) Patient profile analysis:  

This study was carried out at R. L. Jalappa Hospital and Research Centre, a tertiary 

care teaching hospital of Sri Devaraj Urs Medical College. The study included a total of 144 

subjects which was divided into two groups, group 1 included 72 patients suffering from 

dengue infection fitting into the inclusion criteria and group 2 included 72 normal controls. 

Among the 72 dengue patients, 49 were males and 23 were females Table 6 and Figure 2, 

falling in the age range of 18 to 65 years, with the bulk of them falling in the range between 

25 to 45 years Table 7 and Figure 3. The clinical presentations included fever alone, fever 

with pain abdomen, fever with breathlessness, fever with vomiting, fever with myalgia, 

fever with joint pain. The distribution of these presentations is depicted in Table 8 and 

Figure 4. 

Table 6: Gender profile of the dengue patients 

No of patients Male Female 

72 49 23 

 

                                    

                         

 

 

 

 

 

Figure 2: Gender wise distribution of dengue patients 
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Table 7: Age range of the dengue patients 

Age range (yrs) Male Female Total 

18-25 10 0 10 

26-45 30 21 51 

46-65 9 2 11 

Total 49 23 72 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Distribution of patients based on age range 
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Table 8: Chief complaints in the dengue patients 

Chief complaints Male Female Total 

Fever alone 8 2 10 

Fever + pain abdomen 24 8 32 

Fever + breathlessness 8 4 12 

Fever + vomiting 7 1 8 

Fever + myalgia 1 5 6 

Fever + joint pain 1 3 4 

Total 49 23 72 

 

 

 

 

 

 

 

 

 

 

Figure 4: Spectrum of clinical presentation observed in the patients. 
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The dengue serology was carried out in the Central Diagnostic Laboratory of               

R. L. Jalappa Hospital and Research Center, Kolar by ELISA method. The results indicated 

that among the 72 patients studied, NS1Ag group was the highest (n = 55), followed by IgM 

(n = 10) and IgG (n = 7) groups Table 9 and Figure 5.  

 

Table 9: Serological profile of the dengue patients 

Serology Male Female Total 

NS1Ag 35 20 55 

IgM 8 2 10 

IgG 6 1 7 

Total 49 23 72 

 

 

 

 

 

 

 

 

 

 

Figure 5: Profile of dengue serology in the patients. 
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Genetic analysis: 

Genomic DNA isolated from both the patient and control groups and the genotype 

of FcγRIIa His131Arg gene polymorphism was analyzed by PCR-RFLP method. The details 

of the patient wise and control wise genotypes are represented in the Master chart (Annexure 

-IV) The genotype was interpreted on the basis of the PCR-RFLP band pattern on agarose 

gel electrophoresis, a representative sample of which is depicted in Figure 6. The RFLP 

band pattern is given in Table 10. The homozygous His/His genotype was represented by 

bands with the size of 327 and 21 bp, the homozygous Arg/Arg genotype was represented 

with a band of size 348 bp and the heterozygous His/Arg was represented by bands of sizes 

348, 327 and 21 bp. 

 

 

 

 

 

 

 

 

 

Figure 6: Representative Agarose gel electrophoresis image showing PCR amplicon 

and RFLP pattern for FcγRIIa His131Arg gene polymorphism. Lane 1, 100bp DNA 

ladder; Lane 2, PCR amplicon (348 bp); Lane 3: His/His genotype (348 bp); Lane 4: 

Arg/Arg genotype (327 + 21 bp); Lane 5:  His/Arg genotype (348 + 327 + 21 bp).  
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Table 10: RFLP band pattern of FcγRIIa His131Arg gene polymorphism 

PCR product 

(bp) 

Homozygous 

condition 

Heterozygous 

condition 

His/His 

(bp) 

Arg/Arg 

(bp) 

His/Arg 

(bp) 

348 327 + 21 348 348 + 327 + 21 

 

Frequency of FcγRIIa His131Arg alleles in the study groups: 

The frequencies of both the alleles among the patients and controls are summarized 

in Table 11. The frequency of His allele was 54.9 % in the patient group and 36.1% in the 

control group. The frequency of the His allele was therefore 0.6 times lower in the control 

group than in the patient group. The frequency of Arg allele was 45.1% in the patient group 

and 63.9 %  in the control group.  The frequency of the Arg allele was therefore 1.4 times 

higher in the control group than in the patient group. The difference in the frequency of the 

two alleles in the patient and control groups was compared by Chi-square test to check if it 

was statistically significant. The P-value was 0.002. The P-value is less than 0.05, therefore, 

the difference in the frequency of the alleles between the patient and control groups is 

statistically significant. The odds ratio for the difference was 0.46 (0.95 CI: 0.29 - 0.75). 

Since the odds ratio is less than 1, Arg allele is a protective factor. 
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Table 11: Allele frequency of FcγRIIa His131Arg gene polymorphism in the patient 

and control groups 

 

* Significant (P < 0.05)  

# Chi-squared test–Fisher’s exact  

OR: Odds ratio; CI: Confidence interval 

 

Frequency of FcγRIIa His131Arg genotypes in the study groups: 

The frequencies of the three genotypes in the patient and control groups is 

summarized Table 12. The frequency of His/His genotype was 30.5 % in the patient group 

and 12.5 % in the control group. Thus, the frequency was 0.4 times lower in the control 

group than the patient group. The frequency of His/Arg genotype was 48.7 % in the patient 

group and 47.2 % in the control group. Thus, the frequency was similar in both the control 

group than the patient group. The frequency of Arg/Arg genotype was 40.2 % in the patient 

group and 20.8 % in the control group. Thus, the frequency was 1.9 times higher in the 

control group than the patient group. The difference in the frequency of the three genotypes 

in the patient and control groups was compared by Chi-square test to check if it was 

statistically significant. The P-value was 0.007 The P-value is less than 0.05, therefore, the 

difference in the frequency of the genotypes between the patient and control groups is 

statistically significant.  

Allele 

Cases 

(n = 72) 

Control 

(n = 72) 

P # 

His 79 (54.9 %) 52 (36.1 %) 0.002 * 

OR: 0.46 (0.95 CI: 0.29 – 0.75) Arg 65 (45.1 %) 92 (63.9 %) 
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Table 12: Genotype frequency of FcγRIIa His131Arg gene polymorphism in the 

patient and control groups 

 

* Significant (P < 0.05)                              

# Chi-squared test – Fisher’s exact 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Genotype 

Cases 

(n = 72) 

Control 

(n = 72) 

P # 

His/His 22 (30.5%) 9 (12.5%) 

 

0.007 * 

His/Arg 35 (48.7%) 34 (47.2%) 

Arg/Arg 15 (20.8%) 29 (40.2%) 
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DISCUSSION: 

The aim of this study was to determine the genetic link between antibody-mediated 

immune response and susceptibility to dengue infection. This was accomplished by 

evaluating the association between FcγRIIa His131Arg gene polymorphism and dengue 

fever. His131Arg was genotyped in 72 dengue patients and 72 healthy control and the allele 

frequencies were compared for differences. The major findings of this study are: (i) the 

frequency of His131 allele was comparatively higher in patients, (ii) the frequency of 

Arg131 allele was comparatively higher in healthy controls, and (iii) the differences in the 

distribution of His131 and Arg131 alleles was statistically significant. These results together 

indicate that FcγRIIa His131Arg gene polymorphism is associated with the susceptibility to 

dengue fever with Arg131 being a protective factor.  

 

Prior to this study, four studies were carried out on the association of FcγRIIa 

is131Arg gene polymorphism with the susceptibility to dengue in various parts of the 

worlds. The results of these studies are summarised in Table no 13. Overall, all the four 

studies (10,14,15,87) found association between FcγRIIa His131Arg gene polymorphism and 

susceptibility to dengue fever. However, the direction of the association was not same in all 

the studies. The studies from Pakistan (14) Cuba (10) and Vietnam (87) found that the Arg131 

allele was a risk factor in the susceptibility to dengue fever. In contrast, the studies from 

Mexico (15) found that the Arg131 allele to be a protective factor in the susceptibility to 

dengue fever. The result of this study is in agreement with protective role found in the 

studies from Mexico. (15) 
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Table 13: Comparison of genotypic and allelic frequencies of FcγRIIa His131Arg 

gene polymorphism across different studies 

Population 

Arg/Arg 

genotype 

frequency 

(%) 

Arg Allele 

frequency 

(%) 

OR with 95% 

CI for His/His 

and His/Arg vs. 

Arg/Arg 

P 

value 
References 

Pakistani 

(n=110) 

23.63 52.27 

3.90 

(1.13-13.37) 

0.024 

Mohsin et al. 

(14) 

Cuban 

(n=139) 

28.77 52.51 

2.36 

(0.79-7.03) 

0.119 Garcia et al.(10) 

Mexican 

(n=248) 

23 49.2 

0.45 

(0.21-0.96) 

0.026 

Noecker et 

al.(15) 

Vietnamese 

(n=540) 

8.1 27.77 

1.74 

( 0.93-3.25) 

0.075 

Loke et al. (87) 

 

This study 

(n=72) 

15 65 

0.39 

(0.19–0.82) 

0.018 NA 

(NA: not applicable) 

The two alleles of FcγRIIa differ in their strength of binding to the Fc fragment of 

neutralizing antibodies. His131 allele shows weaker binding while Arg131 shows stronger 

binding. As a result, Arg131would be expected to support stronger antibody-mediated 

immunity in the clearance of the dengue virus. The results of this study are in agreement 
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with the functional implication of the Arg131allele wherein the allele was found to be a 

protective factor i.e., present at a higher frequency in the healthy controls than in dengue 

patients. 

 

FcγRIIa His131Arg gene polymorphism belongs to a class of genetic variations 

called as single nucleotide polymorphism. Genetic variations are classified into two groups 

as mutations and polymorphisms. The two groups differ mainly in their impact on the 

protein coded by the corresponding gene. Mutation results in massive alteration in the 

function of the encoded protein. In contrast, polymorphism results in a marginal alteration 

in the function of the protein. The mutation of a gene causes massive molecular and 

physiological aberrations leading to genetic disorders like phenylketonuria, cystic fibrosis, 

sickle cell anaemia etc. In contrast, the minor alterations that arise due to polymorphism do 

not cause any disease. However, a polymorphism can work summatively along with other 

factors to manifest multifactorial diseases like infection, cancer, cardiometabolic syndromes 

etc. The frequency of a mutation in the general population is very low (< 1%) since they 

cause genetic disorder and reduce the reproductive fitness of the carrier. In contrast, the 

frequency of the polymorphism is relatively higher in the general population since they 

directly do not cause any major disease. In this study, the frequency of His131 was 36.1 % 

and that of Arg131 was 63.9 % in the healthy controls.  

 

Current research across the world in the interdisciplinary areas of genetics and 

medicine is focused on the role of gene polymorphisms in multifactorial diseases. The 

purpose of these studies are to understand the molecular etiology of diseases which would 

provide rationale on the host genetic variations, drug development and personalized 

medicine. The results of this study adds to the understanding of the molecular etiology of 
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dengue fever. The observation of the presence of higher frequency of Arg131 allele in the 

healthy controls reported in this study, provides information on the protective capabilities 

of the Arg allele from acquiring dengue infection. Thus, the potential application of the 

outcomes of this study are directly suggestive of the need for inclusion of FcγRIIa gene in 

the molecular screening studies of populations at risk for dengue infection.   
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SUMMARY: 

Dengue is a mosquito borne infection caused by flavivirus belonging to four well 

defined serotypes DENV 1-4. 

Dengue infection presents with a spectrum of clinically distinct features which 

include asymptomatic infection to potentially life-threatening forms. 5-10% progress to 

dengue hemorrhagic fever (DHF) and Dengue Shock Syndrome (DSS). 

Both host immunal and genetic factors apart from viral genetic determinants have 

been shown to play critical role in the differential clinical presentation in the dengue infected 

patients. 

Dengue viruses have been shown to be neutralized by the cells expressing 

Fcγ receptors.  They are important in the clearance of DENV opsonized with neutralizing 

level of antibodies. 

However, cross reactive or subneutralizing levels of antibodies could result in severe 

form of dengue due to a process termed as Antibody Dependent Enhancement (ADE) of the 

infection. 

The host genetic back ground with varying single nucleotide polymorphism has been 

shown to be associated with susceptibility to infection. 

A single nucleotide polymorphism in the FcγRIIa has been implicated in the altered 

affinity of the receptor for different subclasses of immunoglobulin G which is key 

component in the determining the susceptibility of protection from severe clinical dengue 

manifestations. 
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Thus, this was a case control study, designed to investigate the association of the 

FcγRIIa polymorphism in the clinical outcome of dengue infection in an endemic setting 

for dengue infection with 72 patients presenting with of dengue infection.  

The DNA from the patients and healthy controls were isolated and subjected to PCR-

RFLP studies. 

The results of the study revealed that the frequency of Arg-Arg genotype of FcγRIIa  

was 40.2% which provided protection from Dengue Infection while the frequency of His / 

His genotype of  FcγRIIa was 30.5% which exhibited susceptibility to the infection and 

these observations were statistically significant. 

This study demonstrates that FcγRIIa His131Arg polymorphism is associated with 

the susceptibility to dengue fever. Thus underlying the importance of antibody mediated 

immunity in the etiology of dengue fever. 
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CONCLUSION: 

The results of the current study shows that FcγRIIa His131Arg polymorphism is 

associated with the susceptibility to dengue fever, reiterating the importance of antibody 

mediated immunity in the etiology of dengue fever.  

The observation of the presence of higher frequency of Arg131 allele in the healthy 

controls reported in this study, provides information on the protective capabilities of the Arg 

allele from acquiring dengue infection. 

The potential application of the outcomes of this study are directly suggestive of the 

need for inclusion of FcγRIIa gene in the molecular screening studies of populations at risk 

for dengue infection.   
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ANNEXURE-I 

PROFORMA 

TITLE: “STUDIES ON THE ASSOCIATION OF FcγRIIa His131Arg 

POLYMORPHISM WITH DENGUE INFECTION: A HOSPITAL BASED CASE 

CONTROL STUDY” 

 

Name:       Age: 

Sex:       Address: 

Date of Admission:     Date of Discharge: 

History: 

 

Bleeding Manifestation:  

 

Polyserositis: 

 

Co-morbidities: 

Co-infections: 

Treatment: 
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Blood transfusions: 

 

Laboratory findings: 

 

Platelet count:    

 

Hematocrit: 

 

Dengue serology: 

 

Did the patient improve:  

 

Death: 
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ANNEXURE-II: 

INFORMED CONSENT FORM 

TITLE: “STUDIES ON THE ASSOCIATION OF FcγRIIa His131Arg 

POLYMORPHISM WITH DENGUE INFECTION: A HOSPITAL BASED CASE 

CONTROL STUDY” 

 
PATIENTS NAME:   HOSPITAL NUMBER:                   AGE: 

If you agree to participate in the study we will collect information (as per proforma) 

from you or a person responsible for you or both. We will collect the treatment and relevant 

details from your hospital record. This information collected will be used for only 

dissertation and publication. This study has been reviewed by the institutional ethical 

committee. The care you will get will not change if you don’t wish to participate. You are 

required to sign/ provide thumb impression only if you voluntarily agree to participate in 

this study.  

I understand that I remain free to withdraw from the study at any time and this will 

not change my future care. I have read or have been read to me and understood the purpose 

of the study, the procedure that will be used, the risk and benefits associated with my 

involvement in the study and the nature of information that will be collected and disclosed 

during the study. I have had the opportunity to ask my questions regarding various aspects 

of the study and my questions are answered to my satisfaction. I, the undersigned agree to 

participate in this study and authorize the collection and disclosure of my personal 

information for dissertation. 

Subject name:       (Parents / Guardians name)        

 
DATE:        SIGNATURE /THUMB 
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ANNEXURE-III: 

PATIENT INFORMATION SHEET  

 

TITLE: “STUDIES ON THE ASSOCIATION OF FcγRIIa His131Arg 

POLYMORPHISM WITH DENGUE INFECTION: A HOSPITAL BASED CASE 

CONTROL STUDY” 

Principal Investigator: Dr Shaama Ghungroo 

Study site: R.L Jalappa Hospital and Research Center attached to Sri Devaraj Urs Medical 

College, Tamaka, Kolar. 

Aim of the study: The aim of the study is to assess the association between risk of FcγRIIa 

His131Arg polymorphism with Dengue infection. Dengue is a type of fever caused due to 

a virus that is carried by mosquitoes. 

Voluntary Participation: Your participation in this study is entirely voluntary. There is no 

compulsion to participate in this study. You will be no way affected if you do not wish to 

participate in the study. You are required to sign only if you voluntarily agree to participate 

in this study. Further you are at a liberty to withdraw from the study at any time. We assured 

that your withdrawal will not affect your treatment by the concerned physician in any way. 

Procedure: We will take 3ml of blood from your arm with a syringe. This blood will be 

tested forFcγRIIaHis131Arg polymorphism. 

Confidentiality: All information collected from you will be strictly confidential and will 

not be disclosed to anyone except if it is required by the law. This information collected will 

be used only for research. This information will not reveal your identity.  

We would not compel you any time during this process; also we would greatly appreciate 

your cooperation to the study. We would like to get your consent to participate in the study.  

For any information you are free to contact investigator. This study has been approved by 
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the InstitutionalEthics Committee & has been started only after their formal approval. The 

sample collected will be stored in the institute and I request you to permit us to store and 

use this sample for any future study.  

 

Subject name:       (Parents / Guardians name)        

 
DATE:        SIGNATURE /THUMB 
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ANNEXURE-IV: 

MASTER CHART 

Sl. 

No 

Case Sex Age 

Chief 

Complaint 

Serology Genotype Control Sex Genotype 

1.  DS1 M 18 Pain abdomen NS1Ag His/His C1 M Arg/His 

2.  DS2 M 25 Pain abdomen NS1Ag Arg/His C2 M Arg/His 

3.  DS3 M 28 Pain abdomen NS1Ag His/His C3 M His/His 

4.  DS4 F 29 Pain abdomen NS1Ag Arg/Arg C4 F Arg/Arg 

5.  DS5 F 33 Myalgia NS1Ag Arg/Arg C5 F His/His 

6.  DS6 M 22 Pain abdomen NS1Ag Arg/His C6 M Arg/Arg 

7.  DS7 M 31 Pain abdomen MS1Ag His/His C7 M Arg/Arg 

8.  DS8 M 27 Fever NS1Ag Arg/His C8 M Arg/Arg 

9.  DS9 F 34 Pain abdomen NS1Ag Arg/Arg C9 F Arg/Arg 

10.  DS10 F 34 Breathlessness NS1Ag Arg/His C10 F Arg/Arg 

11.  DS11 F 48 Joint pain NS1Ag Arg/His C11 F His/His 

12.  DS12 M 40 Fever NS1Ag His/His C12 M Arg/Arg 

13.  DS13 M 35 Pain abdomen NS1Ag His/His C13 M Arg/Arg 

14.  DS14 F 26 Pain abdomen NS1Ag Arg/His C14 F Arg/Arg 

15.  DS15 F 32 Pain abdomen NS1Ag Arg/His C15 F Arg/His 

16.  DS16 M 65 Joint pain IgG Arg/His C16 M Arg/His 

17.  DS17 M 52 Vomiting IgG Arg/Arg C17 M Arg/His 

18.  DS18 M 58 Vomiting IgG Arg/His C18 M Arg/Arg 

19.  DS19 F 45 Joint pain IgM Arg/Arg C19 F Arg/His 

20.  DS20 F 27 Pain abdomen NS1Ag His/His C20 F Arg/His 

21.  DS21 M 44 Breathlessness IgM His/His C21 M Arg/His 

22.  DS22 M 51 Vomiting IgM Arg/His C22 M His/His 
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23.  DS23 M 51 Vomiting IgG Arg/His C23 M Arg/Arg 

24.  DS24 M 52 Myalgia IgG Arg/His C24 M Arg/Arg 

25.  DS25 M 38 Joint pain NS1Ag Arg/His C25 M Arg/Arg 

26.  DS26 F 46 Joint pain IgG Arg/His C26 F Arg/Arg 

27.  DS27 F 39 Myalgia NS1Ag Arg/His C27 F Arg/Arg 

28.  DS28 F 34 Vomiting NS1Ag Arg/His C28 F Arg/Arg 

29.  DS29 M 18 Pain abdomen NS1Ag His/His C29 M Arg/His 

30.  DS30 M 37 Pain abdomen NS1Ag His/His C30 M Arg/His 

31.  DS31 M 27 Fever NS1Ag Arg/His C31 M Arg/His 

32.  DS32 M 42 Breathlessness NS1Ag Arg/Arg C32 M His/His 

33.  DS33 M 28 Pain abdomen NS1Ag His/His C33 M His/His 

34.  DS34 M 23 Pain abdomen NS1Ag His/His C34 M His/His 

35.  DS35 M 33 Pain abdomen NS1Ag Arg/His C35 M Arg/His 

36.  DS36 F 36 Myalgia NS1Ag Arg/His C36 F Arg/Arg 

37.  DS37 M 22 Pain abdomen NS1Ag His/His C37 M Arg/His 

38.  DS38 M 24 Pain abdomen NS1Ag His/His C38 M Arg/His 

39.  DS39 M 34 Pain abdomen NS1Ag Arg/His C39 M Arg/His 

40.  DS40 F 29 Pain abdomen NS1Ag Arg/His C40 F Arg/His 

41.  DS41 F 38 Myalgia NS1Ag Arg/His C41 F Arg/His 

42.  DS42 M 25 Pain abdomen NS1Ag Arg/Arg C42 M Arg/Arg 

43.  DS43 M 26 Pain abdomen NS1Ag His/His C43 M Arg/Arg 

44.  DS44 M 28 Breathlessness IgM Arg/His C44 M Arg/His 

45.  DS45 M 52 Vomiting IgM Arg/Arg C45 M Arg/His 

46.  DS46 F 30 Breathlessness NS1Ag His/His C46 F Arg/Arg 

47.  DS47 M 52 Vomiting IgG His/His C47 M Arg/His 

48.  DS48 M 39 Fever NS1Ag Arg/His C48 M His/His 
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49.  DS49 M 26 Fever NS1Ag Arg/Arg C49 M Arg/His 

50.  DS50 M 25 Pain abdomen NS1Ag Arg/Arg C50 M Arg/His 

51.  DS51 M 29 Fever NS1Ag Arg/His C51 M Arg/His 

52.  DS52 M 33 Breathlessness IgM Arg/His C52 M Arg/His 

53.  DS53 M 29 Pain abdomen NS1Ag Arg/Arg C53 M Arg/His 

54.  DS54 F 36 Myalgia NS1Ag Arg/His C54 F Arg/Arg 

55.  DS55 M 25 Pain abdomen NS1Ag His/His C55 M Arg/Arg 

56.  DS56 M 26 Pain abdomen NS1Ag His/His C56 M Arg/Arg 

57.  DS57 M 26 Pain abdomen NS1Ag Arg/Arg C57 M Arg/Arg 

58.  DS58 F 34 Breathlessness NS1Ag Arg/His C58 F Arg/His 

59.  DS59 M 28 Pain abdomen NS1Ag His/His C59 M Arg/Arg 

60.  DS60 M 29 Pain abdomen NS1Ag His/His C60 M Arg/His 

61.  DS61 M 32 Pain abdomen NS1Ag Arg/His C61 M Arg/His 

62.  DS62 M 29 Fever NS1Ag Arg/His C62 M Arg/His 

63.  DS63 M 41 Breathlessness NS1Ag His/His C63 M Arg/Arg 

64.  DS64 M 43 Breathlessness NS1Ag Arg/His C64 M Arg/Arg 

65.  DS65 M 45 Breathlessness IgM Arg/Arg C65 M His/His 

66.  DS66 M 29 Breathlessness IgM Arg/His C66 M Arg/His 

67.  DS67 M 52 Vomiting IgM His/His C67 M Arg/His 

68.  DS68 F 32 Breathlessness NS1Ag Arg/His C68 F Arg/His 

69.  DS69 F 33 Pain abdomen NS1Ag Arg/His C69 F Arg/His 

70.  DS70 F 30 Fever NS1Ag Arg/Arg C70 F Arg/Arg 

71.  DS71 F 34 Pain abdomen NS1Ag Arg/Arg C71 F Arg/Arg 

72.  DS72 F 32 Fever NS1Ag Arg/His C72 F Arg/Arg 

 


