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Summary

A sudden upsurge of fever cases with joint pain was observed in the out-

patient department, Community Health Centre, Rangat during July–
August 2010 in Rangat Middle Andaman, India. The aetiological agent

responsible for the outbreak was identified as chikungunya virus

(CHIKV), by using RT-PCR and IgM ELISA. The study investigated the

association of polymorphisms in the human leucocyte antigen class II

genes with susceptibility or protection against CHIKV. One hundred and

one patients with clinical features suggestive of CHIKV infection and 104

healthy subjects were included in the study. DNA was extracted and typed

for HLA-DRB1 and DQB1 alleles. Based on the amino acid sequences of

HLA-DQB1 retrieved from the IMGT/HLA database, critical amino acid

differences in the specific peptide-binding pockets of HLA-DQB1 mole-

cules were investigated. The frequencies of HLA-DRB1 alleles were not

significantly different, whereas lower frequency of HLA-DQB1*03:03 was

observed in CHIKV patients compared with the control population

[P = 0�001, corrected P = 0�024; odds ratio (OR) = 0, 95% confidence

interval (95% CI) 0�0–0�331; Peto’s OR = 0�1317, 95% CI 0�0428–0�405).
Significantly lower frequency of glutamic acid at position 86 of peptide-

binding pocket 1 coding HLA-DQB1 genotypes was observed in CHIKV

patients compared with healthy controls (P = 0�004, OR = 0�307, 95% CI

0�125–0�707). Computational binding predictions of CD4 epitopes of

CHIKV by NetMHCII revealed that HLA-DQ molecules are known to

bind more CHIKV peptides than HLA-DRB1 molecules. The results sug-

gest that HLA-DQB1 alleles and critical amino acid differences in the pep-

tide-binding pockets of HLA-DQB1 alleles might have role in influencing

infection and pathogenesis of CHIKV.

Keywords: Andaman Islands; chikungunya; chikungunya virus; HLA;

immunogenetics.

Introduction

Chikungunya virus (CHIKV) is an important emerging

human pathogen that causes a disease syndrome charac-

terized by fever, headache, rash, nausea, vomiting, myal-

gia and arthralgia and, in its most severe form, the

induction of fatal haemorrhagic disease.1,2 Chikungunya

is a mosquito-borne infectious disease, and it is transmit-

ted to humans primarily by the Aedes aegypti mosquitoes.

CHIKV belongs to the family Alphaviridae, and is

geographically distributed from Africa to South America

and Southeast Asia.1,3

CHIKV was first isolated during an outbreak in Tang-

anyika (now Tanzania) in 1952–53.4,5 During the past

50 years, numerous CHIKV re-emergences have been

documented in both Africa and Asia, with irregular inter-

vals of 2–20 years between outbreaks.6 The incubation

time for CHIKV is relatively short, requiring only

2–6 days with symptoms usually appearing 4–7 days

post-infection.7 The chronic stage of chikungunya fever is
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characterized by polyarthralgia that can last from weeks

to years beyond the acute stage.2,8,9 Severe, relapsing and

incapacitating arthralgia is the hallmark of CHIKV

infection. There are a few precise descriptions of CHIKV-

associated joint disorders.10,11

India experienced the first confirmed outbreak of chi-

kungunya fever during 1963–64 in Kolkata12 and in 1965

in Chennai.12,13 It has recently re-emerged extensively in

Andhra Pradesh from October 2005 to July 2009 and has

spread to 17 states, including the Andaman archipelago

in 2006. The disease burden due to chikungunya is

increasing steadily and straining the public health

systems.14

Currently there is no effective antiviral treatment or

vaccine available against CHIKV. Treatment is therefore

purely supportive and is based on non-salicylate analge-

sics and non-steroidal anti-inflammatory drugs.2 A single

mutation from alanine to valine at amino acid position

226 of the Envelope glycoprotein gene (E1) enhances the

ability of the salivary gland of Aedes albopictus mosqui-

toes to become infected and so increases the capability

of the mosquitoes to transmit the virus to another

host.15,16

Apart from various virulence factors, host factors play

an important role in disease susceptibility. Many studies

have reported association between HLA and the outcome

of diseases.17 HLA play a major role in initiating adaptive

immune responses. The HLA class I molecules are known

to present peptides from pathogens to CD8+ T cells while

HLA class II molecules present peptides to CD4+ T cells.

HLA molecules are coded in the sixth chromosome and

they are the most polymorphic genes known to date.

Polymorphisms in the HLA genes are clustered in the

peptide-binding regions and affect the repertoire of pep-

tides presented by an HLA molecule to the T cell. Human

subjects differ with respect to their HLA genetic makeup

and hence might differ in their ability to present the pep-

tides of pathogens to T cells, which would affect their

susceptibility to infectious diseases. A recent bioinformat-

ic study analysing sequences of CHIKV strains belonging

to different decades has reported that HLA molecules are

the driving force behind the selection of more virulent

strains, and in newly emerging strains there is a loss of

HLA restriction elements.18 As a result of the robust host

adaptive immune responses against the pathogens, which

are HLA restricted, the pathogens tend to escape from

the adaptive responses by mutating their nucleotide

sequences, which might result in occasional changes in

the amino acid sequences of their proteins, which might

lead to the generation of new peptides or T-cell epitopes

that could not be recognized by HLA molecules. Hence

when there is loss of HLA restriction elements in the

newly emerging strain for the commonly prevalent HLA

molecules in the host population, the population is more

susceptible to infection with the new strain and develop-

ment of disease due to the inability to mount an HLA-

restricted immune response.18 Recent studies from Sri

Lanka have shown that HLA-A*31, & HLA-DRB1*08
were associated with susceptibility to Dengue Shock Syn-

drome in the dengue virus-infected Sri Lankan popula-

tion, during secondary dengue infection.19

Studies have shown that HLA class I and II genes were

associated with susceptibility or resistance to HIV infec-

tion and disease progression.20 Among the HLA class II

molecules, apart from HLA-DR, specific HLA-DQB1 and

HLA-DPB1 alleles have been shown to be associated with

HIV infection.21,22 Flavivirus disease and its association

with HLA molecules have been studied.23,24 Recent stud-

ies showed that HLA-A*68 and -C*08 might function as

‘susceptible’ alleles, whereas HLA-B*40 and -C*03 might

function as ‘protective’ alleles in West Nile virus

infection.25

The pathogenesis and biology behind CHIKV have not

been documented. The trend over the past few years indi-

cates that CHIKV has the potential to spread uncontrolla-

bly and cause large outbreaks with high attack rates. Even

though many outbreaks have occurred worldwide, so far

no study exists to explain the host interaction with

CHIKV. It is essential to understand the interaction

between the aetiological agent and the host to know the

chronic sequelae of the disease. Associations of MHC are

usually population specific. Many chronic diseases and

their host’s interaction with the disease have been studied

to understand their immunogenetics. HLA-DR3 (HLA-

DRB1*0301, -DQB1*0201) and DR4 (HLA-DRB1*04,

-DQB1*0302) are markers for type 1 diabetes in Cauca-

sian populations, but not among Japanese patients.26

The DRB1*07 allele is associated with protection

against Dengue virus infection in the Cuban population;27

but not in the Sri Lankan population.19 In view of this

gap in understanding the role of host factors associated

with this disease, a population cohort was chosen in

Middle Andaman Rangat to study the hypothesis. Port

Blair is the capital of the Andaman and Nicobar Islands,

an archipelago of > 500 islands and islets situated in the

Bay of Bengal, 1200 km from peninsular India. Andaman

and Nicobar islands witnessed an outbreak of CHIKV

fever in 2006, and the attack rate was > 60% of the popu-

lation.28,29 After a gap of 4 years a sudden upsurge of

fever cases with joint pain was observed in the outpatient

department of the Community Health Centre (CHC),

Rangat during July–August, 2010. Most of the patients

complained with pain/swelling of multiple joints. Recent

studies show that the virus causing this severe outbreak

belongs to the East Central South African genotype.30 As

MHC is population specific, among these closely related

islanders there is likely to be less genetic variance specific

to various infections.

It is important to identify the host association markers

with chronic diseases like CHIKV. In the present study,
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we have investigated the causative agent of the outbreak

and HLA class II allelic profiles in patients with CHIKV

infection and healthy controls, to understand the possible

association, if any, which may influence the disease

outcome.

Materials and methods

Study area and patient inclusion criteria

Rangat is situated in Middle Andaman, 210 km from

Port Blair and 70 km from southern Mayabunder. Rangat

is one of the five local administrative divisions in the

Indian district of Andaman and Nicobar Islands, Indian

union territory. Rangat’s population, according to the

2011 Census of India, was 38 824 (http://en.wikipedia.

org/wiki/Rangat). The study was carried out from June to

August 2010 in a CHC, Rangat. People from the sur-

rounding area of Rangat (Middle Andaman) and people

attending the CHC with fever and joint pain were consid-

ered as inclusion criteria.

The patients were counselled and informed written

consent was taken at the outpatient department of the

CHC. The study was approved by the Ethics Review

Committee of the Regional Medical Research Centre

(Indian Council of Medical Research) Port Blair. No age

criteria were followed while collecting the samples. A cli-

nician interviewed all the patients, and a structured ques-

tionnaire was used for eliciting the necessary information.

Details regarding personal identification and demographic

details, pre-existing joint pain and its nature, other pre-

existing diseases, onset, evolution and duration of various

symptoms and the joints involved were taken. Five millili-

tres of venous blood were collected from all the suspected

patients and healthy control samples into anti-coagulated

tubes and sent to the Regional Medical Research Centre

in cold chain condition. There, 500 ll of plasma was sep-

arated for serology and for further studies, the rest of the

blood were stored at �80° until use.
One hundred and one patients (mean age 33�3 years)

with features suggestive of CHIKV infection and positive

for either IgM ELISA or RT-PCR were enrolled in the

present study. Another 104 samples were obtained from

apparently healthy subjects (mean age 31�6 years) who

did not have any clinical features of CHIKV infection.

Healthy controls who were negative for IgG antibodies

against CHIKV and reported no symptoms were included

in the study. Both Patients and Controls were living in

the same geographical location and belonged to mixed

ethnic groups.

Serology

Presence of anti-CHIKV IgM/anti-DENG antibody was

tested by an IgM capture ELISA developed by National

Institute of Virology, Pune, India.13 Healthy control sam-

ples were screened for the presence of IgG antibodies

against CHIKV by NovaLisaTM (chikungunya virus IgG

capture ELISA Nova Tec Immundiagnostica GmbH,

Germany). The ELISA was performed and results were

interpreted as per the manufacturer’s instructions. As

Rangat is known to be an endemic area for leptospirosis31

all the samples were tested for anti-leptospiral antibodies

by using an in-house developed Latex agglutination test

at Regional Medical Research Centre.

RNA extraction and RT-PCR

RNA was extracted from 140-µl ELISA-negative samples

using a QIAamp Viral RNA Minikit (Qiagen, Inc.,

Valencia, CA) following the manufacturer’s instructions.

A high-capacity cDNA reverse transcription kit (Applied

Bio-systems, Foster City, CA) was used following the

manufacturer’s instructions. Previously published32 pri-

mer sets were selected to amplify the non-structural

protein 1 (NSP1) and envelope glycoprotein 1 (E1)

genomic regions of the CHIKV genome. The PCR was

carried out following a Taq polymerase activation step

of 94° for 2 min, 40 cycles of PCR (94° for 60 sec-

onds, 55° for 60 seconds, and 72° for 2 min for each

cycle), and a final extension at 72° for 10 min. Ampli-

fied PCR products were electrophoresed in 1% agarose

gel to confirm the presence of the expected bands of

the genes nsP1 and E1 with sizes of 354 and 294 bp,

respectively.

DNA extraction and HLA typing

DNA was extracted from anti-coagulated blood samples

from the patients and healthy controls using the QIAamp

DNA blood Midi Kit (Qiagen, Manchester, UK) following

manufacturer’s instructions. DNA was eluted in 300 µl
elution buffer. Genotyping of HLA class II (DRB1 and

DQB1) alleles was performed as previously described

using PCR with sequence-specific primers (PCR-SSP)

described in refs 33 and 34, respectively. All healthy con-

trol samples were processed (n = 104) for both DRB1

and DQB1 typing and 101 patient samples were used for

DRB1 typing, whereas only 94 patient samples were avail-

able for DQ typing.

Each primer mix contained the specific primers and a

pair of positive internal control primers, primer concen-

tration was optimized. The PCR was carried out in an

Applied Bio-systems AB 2720 Thermal cycler. The ampli-

fied PCR products were electrophoresed in 2�0% agarose

gels, containing 0�5 lg/ml ethidium bromide, and were

viewed under UV trans-illuminator. A prototype was con-

sidered to be successful when the control amplifications

were positive and at least one allele or group was present

in each locus.
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Analysis of amino acid variation in peptide-binding
pockets of HLA-DQ molecule

As most of the HLA gene polymorphisms are associated

with changes in the amino acids at critical positions of

the peptide-binding groove of the HLA molecules,35,36 we

investigated whether the critical amino acid differences in

the specific peptide-binding pockets of HLA-DQB1 mole-

cules are associated with susceptibility or protection

against CHIKV infection. The amino acid sequence of the

b-chain of HLA-DQB1 alleles was retrieved from the

IMGT/HLA database (www.ebi.ac.uk). Analysis of critical

amino acid variation in the peptide-binding pockets of

HLA-DQB1 was performed based on amino acids at the

57th position of pocket 9 (aspartic acid/non-aspartic acid)

and the 86th position of pocket 1 (glutamic acid/non-

glutamic acid).

Statistical analysis

The frequencies of HLA class II alleles in patients with

CHIKV fever (n = 101) and the normal healthy controls

(n = 104) were compared to determine possible associa-

tion. Phenotype frequencies were calculated by a direct

counting method and the STATCALC program of EPIINFO

software version 7 was used for statistical analysis. For

each HLA allele, degree of association between HLA

alleles and disease state was expressed as the odds ratio

(OR), For calculation of odds ratio during comparison of

groups with zero value, OR and the 95% confidence

interval (95% CI) were calculated using an online calcula-

tor (http://www.hutchon.net/ConfidORnulhypo.htm) that

uses a null hypothesis to provide an estimate of OR, also

called Peto’s OR and represented as such wherever neces-

sary. The advantage of this approach over direct calcula-

tion is that it will accept zero results without generating

infinity. The P-value was further subjected to Bonferroni’s

correction in which the P-value was multiplied by the

number of alleles. A corrected P (Pc) value < 0�05 was

considered significant. NETMHCII 2�2 server (www.cbs.

dtu.dk/services/netMHCII/) online software was used to

predict binding affinities of CHIKV peptides to HLA class

II molecules. The population genetic analysis package,

PYPOP was used for analysis of linkage disequilibrium and

haplotype frequencies.

Results

Confirmation of the outbreak and clinical
characteristics of CHIKV infection in the study
population

Investigations were carried out with a total of 310 sus-

pected blood samples collected at CHC Rangat in 2010.

Of the 310 subjects tested for the presence of anti-CHIKV

IgM antibody, 110 tested positive for anti-CHIKV IgM

antibody, 35�4% (110/310). Twenty ELISA-negative sam-

ples were screened for CHIKV by RT-PCR, and eight

were positive (40%) (data not shown). The results of

these tests indicate that the outbreak was caused by

CHIKV infection. Dengue IgM testing was performed on

all serum samples and was detected in only four

(0�003%) patients. Leptospiral antibodies were found in

three patients. In all, 101 patients with laboratory-

confirmed CHIKV infection and 104 healthy control (IgG

ELISA) samples found to be negative were used for the

present study.

Symptoms among the 310 suspected cases were fever

(97%), body ache (92%), headache (88%), chills (65%),

nausea (60%), fatigue (56%) and conjunctival redness

(52%). Among the confirmed patients, these were fever

(96%), body ache (93%), headache (88%), nausea (65%),

chills (62%), oedema (62%), conjunctival redness (61%)

and fatigue (61%) (Fig. 1). Pain in large joints was

reported by 94% of all patients and 96% of confirmed

patients whereas pain in small joints was reported by 85%

of all patients and 87% of confirmed patients (Fig. 2).

Associations of HLA-DR and -DQ alleles with CHIKV
patients

The percentage phenotype frequencies of HLA-DRB1 and

-DQB1 alleles were calculated and are represented in

Tables 1 and 2, respectively. HLA-DRB1*04, -DRB1*07,
-DRB1*12 and -DRB1*15 were the alleles that were com-

monly present in the study subjects. The allelic frequency

of HLA-DRB1*07 and -DRB1*09 was higher in controls

compared with CHIKV patients, though statistically not

significant (Table 1). The allele frequencies of other

DRB1 alleles were not significantly different between

patients and controls. HLA-DQB1*02:01, -DQB1*05:01
and -DQB1*06:01 were the alleles that had a frequency of
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Figure 1. Signs and symptoms among clinically suspected and con-

firmed patients of CHIKV infection.
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> 10% in both patients and controls. Significantly lower

frequency of HLA-DQB1*03:03 was observed in patients

with CHIKV infection when compared with the control

population (P = 0�001, Pc = 0�024; OR = 0, 95% CI 0�0–
0�331; Peto’s OR = 0�131, 95% CI 0�0428–0�405
(Table 2).Further we compared the percentages of appar-

ently homozygous individuals for the DRB1 (patients

26%, control 28%, P = 0�977) and DQB1 (patients 36%,

controls 32% P = 0�715) loci between patients and con-

trol groups, no statistical significance was observed sug-

gesting that homozygosity at these loci may not affect the

disease outcome. This has to be further confirmed by

sequence analysis.

Association of amino acid peptide-binding pockets of
HLA-DQB1 with CHIKV infection

We retrieved the amino acid sequences of the b chain of

HLA-DQB1 allele-encoded aligned mature protein

sequences from the IMGT/HLA database (http://www.ebi.

ac.uk/imgt/hla) and an inquiry of the amino acid

sequence variation revealed the presence of polymor-

phism in positions b57 and b86 in the peptide-binding

groove of HLA-DQB1 molecules. A classification was

made and presented in Table 3 based on the available

data base and the b57 and b86 genotypes were inferred

for the subjects based on their respective HLA-DQB1

genotypes.

We examined the critical amino acid variations in the

specific peptide binding pockets of HLA-DQB1 molecules

based on the HLA-DQB1 genotype of patients and con-

trols. Analysis of critical amino acid variation in the pep-

tide-binding pockets of HLA-DQB1 was performed based

on b57 of pocket 9 (aspartic acid/non-aspartic acid) and

b86 of pocket 1 (glutamic acid/non-glutamic acid) and

the results are given in Table 4.

Analysis based on the amino acid polymorphism in the

57th position of pocket 9 indicated that allele or genotype
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Figure 2. Joint examination of the patients with

suspected and confirmed CHIKV infection.

Table 1. Phenotype frequencies of the HLA-DRB1 alleles of the patients with chikungunya virus infection and control population

Allele Patients (n = 101) (%) Controls (n = 104) (%) P value OR 95% CI

*01 8 (7�92) 6 (5�76) 0�738 1�405 0�409–5�104
*03 8 (7�92) 11 (10�57) 0�678 0�727 0�242–2�091
*04 16 (15�84) 14 (13�46) 0�776 1�210 0�517–2�854
*07 33 (32�67) 46 (44�23) 0�119 0�611 0�338–1�121
*08 4 (3�96) 1 (0�96) 0�347 4�247 0�408–211�1
*09 2 (1�98) 8 (7�69) 0�115 0�242 0�024–1�265
*10 11 (10�89) 13 (12�5) 0�887 0�855 0�328–2�194
*11 6 (5�94) 4 (3�84) 0�710 1�578 0�360–7�834
*12 17 (16�83) 22 (21�15) 0�541 0�754 0�349–1�611
*13 9 (8�91) 12 (11�53) 0�696 0�750 0�265–2�049
*14 16 (15�84) 11 (10�57) 0�363 1�591 0�650–4�013
*15 63 (62�37) 56 (53�84) 0�236 1�459 0�803–2�656
*16 9 (8�91) 4 (3�84) 0�229 2�445 0�652–11�19
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frequencies were not different between patients and con-

trols. The allelic frequency of DQB1 alleles coding for

non-glutamic acid at position 86 of pocket 1 was higher

than in healthy controls (P = 0�008, OR = 1�79, 95% CI

1�16–2�77) The frequency of glutamic acid/glutamic acid

at the 86th position of pocket 1 coding HLA-DQB1 geno-

types was observed at significantly lower frequencies in

CHIKV patients when compared with healthy controls

(P = 0�004, OR = 0�307, 95% CI 0�125–0�707). Frequen-
cies of glutamic acid/non-glutamic acid and non-

glutamate/non-glutamate coding genotypes did not differ

significantly among the different patient groups and

healthy controls.

The haplotype frequency between DQB1 and DRB1

was compared between controls and patients with CHIKV

infection. The haplotype frequency of HLA-DQB1*03:03–
HLA-DRB1*07 was 4% in control samples and was not

observed in patients with CHIKV infection (Tables 5

and 6). The linkage disequilibrium between HLA-DQB1

and HLA-DRB1 was moderate in both groups (in patients

D’ = 0�65942, and in controls D’ = 0�65942). Net MHCII

analysis using the genomic sequence of CHIKV revealed

that HLA-DQ molecules are known to bind compara-

tively more peptides than HLA-DRB1 molecules (data

not shown). Hence, these results suggest that the associa-

tions observed for HLA-DQB1 alleles are independent of

HLA-DRB1 alleles.

Discussion

In 2006, there was a large outbreak of the Aedes mos-

quito-borne disease, chikungunya fever, in South And-

aman.28 After a gap of 4 years another upsurge of cases

was observed in Rangat Middle Andaman. Rangat is a

place where leptospirosis is endemic31 and so far there is

no report of chikungunya infection in these islands. The

present outbreak was confirmed as a chikungunya infec-

tion with 35�4% seropositivity, which was the first record

for this area. During the current outbreak, 96% fever and

93% body ache were the main symptoms among the con-

firmed patients; 96% of the patients showed pain in their

large joints during the intervening period. The present

study also confirms the findings of various other studies

that certain symptoms, such as headache, joint pain/swell-

ing and abdominal pain, are significantly associated with

chikungunya infections.9,37

We attempted to identify the possible HLA class II

alleles that are associated with CHIKV infection. HLA

classification with its extensive polymorphism is an excel-

lent marker for population genetic analysis and disease

association studies.38 This is the first study on HLA deter-

minants of susceptibility and/or protection to CHIKV

infection in this island population. No study has

explained the host factors and their association with chi-

kungunya virus infection. These host factors can influence

Table 2. Phenotype frequencies of the HLA-DQB1 alleles of the patients with chikungunya virus infection and control population

Allele Patients (n = 94) (%) Controls (n = 104) (%) P-value OR 95% CI

*02 : 01 26 (27�65) 35 (33�65) 0�448 0�753 0�390–1�445
*02 : 03 1 (1�06) 3 (2�88) 0�686 0�362 0�006–4�619
*03 : 02 8 (8�51) 9 (8�65) 0�827 0�981 0�314–3�011
*03 : 03 0 (0�00) 13 (12�5) *0�001 †0 ‡0�000–0�331
*03 : 04 1 (1�06) 3 (2�88) 0�686 0�362 0�006–4�619
*03 : 05 6 (6�38) 4 (3�84) 0�624 1�704 0�388–8�464
*03 : 07 13 (13�82) 17 (16�34) 0�768 0�821 0�343–1�926
*04 : 01 5 (5�31) 6 (5�76) 0�862 0�917 0�213–3�749
*05 : 01 20 (21�27) 23 (22�11) 0�976 0�951 0�455–1�978
*05 : 02 8 (8�51) 5 (4�80) 0�445 1�841 0�507–7�412
*05 : 03 9 (9�57) 8 (7�69) 0�827 1�270 0�413–3�965
*05 : 04 4 (4�25) 2 (1�92) 0�588 2�266 0�315–25�51
*06 : 01 57 (60�63) 55 (52�88) 0�339 1�372 0�750–2�513
*06 : 02 1 (1�06) 0 (0�00) 0�959 – 0�028– �1�000
*06 : 03 8 (8�51) 5 (4�80) 0�445 1�84 0�507–7�412
*06 : 04 0 (0�00) 1 (0�96 0�959 – 0�000–43�14
*06 : 05 7 (7�44) 4 (3�84) 0�427 2�011 0�490–9�659
*06 : 06 3 (3�19) 3 (2�88) 0�772 1�109 0�144–8�492
*06 : 07 3 (3�19) 4 (3�84) 0�891 0�824 0�117–5�018
*06 : 08 1 (1�06) 0 (0�00) 0�959 – 0�028– �1�00
*06 : 10 2 (2�12) 2 (1�92) 0�686 1�108 0�078–15�57
*06 : 11 3 (3�19) 2 (1�92) 0�908 1�681 0�187–20�49
*06 : 12 0 (0�00) 1 (0�96) 0�959 – 0�00–43�14
*06 : 13 2 (2�12) 3 (2�88) 0�908 0�731 0�06–6�547

*Pc 0�024; †Peto’s OR 0�1317, ‡95% CI 0�0428–0�405.
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the outcome of the disease in many viral infections.17

HLA molecules are coded in the sixth chromosome and

they are the most polymorphic genes known to date.

Polymorphism in the HLA genes is clustered in the pep-

tide-binding region and affects the repertoire of peptides

presented by an HLA molecule to the T cell. The geno-

typic variants of class II molecules display unique pockets

in the peptide-binding groove that interact with specific

residues within the antigenic peptides, which influences

the nature and specificity of the antigen-specific CD4

T-cell response.39

In the present study, a significantly decreased frequency

of HLA-DQB1*03:03 was observed in CHIKV patients

compared with healthy subjects, suggesting that HLA-

DQB1*03:03 might be associated with reduced risk of

developing CHIKV symptoms, or severe disease. The fre-

quencies of HLA-DRB1 alleles were not different between

patients, although decreased frequency of HLA-DRB1*07
was observed in CHIKV patients. In the present study,

moderate linkage disequilibrium was observed between

HLA-DRB1 and HLA-DQB1 alleles in both patients and

controls. The HLA-DQB1 allele, HLA-DQB1*03:03,
which is reported to be associated with reduced risk of

CHIKV infection, was not observed among patients. The

HLA-DQB1*03:03 was found more frequently in combi-

nation with HLA-DRB1*07 allele. Hence the increase in

the frequency of HLA-DRB1*07 allele in controls

could be a result of its linkage disequilibrium with

HLA-DQB1*03:03. However, the HLA-DRB1*07 allele

also occurs in combination with HLA-DQB1*02 alleles as

a haplotype. As HLA-DRB1*07 was found to occur in

multiple haplotypes such as HLA-DRB1*07-HLA-

DQB1*03:03 and HLA-DRB1*07-HLA-DQB1*02, this

could have compensated for the loss of statistical signifi-

cance for comparison of frequency of the HLA-DRB1*07
allele between healthy controls and patients. The observa-

tion suggests that HLA-DRB1 alleles may not have a role

in CHIKV infection. However, the sample size of the

present study is limited to delineating minor associations.

The HLA-DQB1*03 group of alleles has been shown to

be associated with clearance of hepatitis C virus and

Table 4. Comparison of the genotype frequency of the presence or absence of aspartic acid at position 57 and of glutamate at position 86 of

HLA-DQ chain between patients and controls

Allele Patients (2n = 188) Controls (2n = 208) P-value OR 95% CI

b57
Asp 87 (46�2%) 97 (46�6%)

Non-Asp 101 (53�7%) 111 (53�3%) NS – –

b86
Glu 57 (30�3%) 91 (43�7%)

Non-Glu 131 (69�6%) 117 (56�2%) 0�008 1�79 1�16–2�77
Genotype (n = 94) (n = 104)

b57
Asp/Asp 27 (28�7%) 27 (25�9%) 0�782 1�149 0�585–2�255
Non-Asp/Asp 33 (35�1%) 43 (41�3%) 0�45 0�767 0�413–1�419
Non-Asp/Non-Asp 34 (36�1%) 34 (32�6%) 0�715 1�166 0�621–2�189
b86
Glu/Glu 10 (10�6%) 29 (27�8%) 0�004 0�307 0�125–0�707
Non-Glu/Glu 37(39�3%) 33 (31�7%) 0�33 1�396 0�746–2�613
Non-Glu/Non-Glu 47(50%) 42 (40�3%) 0�224 1�476 0�809–2�694

Table 3. The classification of observed HLA-DQB1 alleles based on

critical inferred amino acid variations in the peptide binding pockets

of the b chain at positions 57 and 86 of DQB1 allele

b57 Asp b57 Non Asp b86 Glu b86 Non Glu

*02 : 01 *02 : 01

*02 : 03 *02 : 03

*03 : 02 *03 : 02

*03 : 03 *03 : 03

*03 : 04 *03 : 04

*03 : 05 *03 : 05

*03 : 07 *03 : 07

*04 : 01 *04 : 01

*05 : 01 *05 : 01

*05 : 02 *05 : 02

*05 : 03 *05 : 03

*05 : 04 *05 : 04

*06 : 01 *06 : 01

*06 : 02 *06 : 02

*06 : 03 *06 : 03

*06 : 04 *06 : 04

*06 : 05 *06 : 05

*06 : 06 *06 : 06

*06 : 07 *06 : 07

*06 : 08 *06 : 08

*06 : 10 *06 : 10

*06 : 11 *06 : 11

*06 : 12 *06 : 12

*06 : 13 *06 : 13
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enhanced CD4+ T-cell responses.40 HLA-DQB1*03:03 has

been shown to be associated with psoriasis.41 It is possible

that the HLA-DQB1*03:03 allele might promote diverse

antiviral CD4+ T-cell responses and could be associated

with reduced risk of CHIKV infection.

Amino acid polymorphism within the peptide-binding

site of the b-chain of HLA-DQB1 alleles plays an impor-

tant role in the selectivity of peptides that bind to it. The

widely studied features of the protein product of the

HLA-DQB1 locus is the presence of an aspartic acid resi-

due at position 57 pocket 9 in the DQB1 chain, and the

role of this mature protein has been identified in diseases

like pulmonary tuberculosis.42 An analysis of HLA-DQB1

alleles based on amino acid variation at the b57 and b86
positions revealed increased frequency of glutamic acid/

glutamic acid coding HLA-DQB1 genotypes at the 86th

position of pocket 1 in controls when compared with

CHIKV patients. This suggests that glutamate at the

b86th position might have a role in conferring protection

against CHIKV infection. Residue b86 is part of the pep-

tide-binding pocket 1, which is deep and polar in nature

because of hydrogen bonding between two positively and

negatively charged amino acids. Replacement of glutamate

with alanine or glycine will break this network. Presence

of glutamate at the b86th and leucine at the 87th position

will help to accommodate peptides with large hydropho-

bic amino acids.43 This will enhance the ability of gluta-

mate-coding alleles at the 86th position to bind a

comparatively large number of amino acids and could

have conferred a selective advantage against CHIKV.

Prediction of binding of CHIKV peptides to HLA class

II molecules revealed that HLA-DQ molecules are known

to bind comparatively more peptides than HLA-DRB1

molecules. Hence, these results suggest that the associa-

tions observed for HLA-DQB1 alleles are independent of

HLA-DRB1 alleles. However, as computational predic-

tions are not always translated in reality, these results

need to be considered cautiously and more functional

in vitro studies are needed to confirm the higher binding

affinity of CHIKV peptides to HLA-DQ molecules.

Populations of both patients and controls were of

mixed ethnicity, this may be a limitation of our study.

Further follow-up studies with a large number of samples

that are ethnically matched are needed to assess the role

of HLA alleles in association with post-sequelae of symp-

toms observed in CHIKV patients. To conclude, the pres-

ent study identified CHIKV as the agent responsible for

the outbreak in Rangat Andaman and suggests that HLA-

DQB1 alleles might play a role in influencing CHIKV

infection and pathogenesis. However, more research is

Table 6. Haplotype frequency for loci: DQB1-DRB1 in patient

samples

HLA-DQB1-HLA-DRB1

haplotype Frequency in % No. copies

06 : 01–15 19 35�8
02 : 01–07 9 17�0
05 : 01–01 3 7�0
05 : 01–10 3 7�0
06 : 01–14 3 6�0
02 : 01–03 3 6�0
03 : 07–12 2 4�9
06 : 01–12 2 4�0
06 : 01–16 2 4�0
03 : 02–04 2 4�0
06 : 03–13 2 4�0
03 : 07–04 2 3�9
05 : 03–14 1 3�5
05 : 03–15 1 3�5
03 : 05–15 1 2�9
06 : 05–15 1 2�9
06 : 01–04 1 2�1
04 : 01–15 1 2�1
03 : 05–08 1 2�0
05 : 01–15 1 2�0
03 : 02–07 1 2�0
05 : 04–16 1 2�0
05 : 02–16 1 2�0
06 : 05–13 1 2�0
03 : 02–12 1 2�0
06 : 01–11 1 2�0
06 : 11–15 1 2�0
05 : 02–07 1 2�0

Table 5. Haplotype frequency for loci: DQB1-DRB1 in control sam-

ples

HLA-DQB1-HLA-DRB1

haplotype Frequency in % No. copies

06 : 01–15 16 35�1
02 : 01–07 8 17�7
03 : 03–07 4 9�0
05 : 01–10 4 9�0
06 : 01–12 3 7�0
02 : 01–03 3 7�0
03 : 07–07 2 5�5
02 : 01–15 2 5�1
05 : 01–01 2 5�0
03 : 07–15 2 4�6
03 : 07–12 2 4�3
05 : 01–15 1 4�0
03 : 02–04 1 4�0
03 : 03–09 1 4�0
06 : 01–04 1 3�5
06 : 01–07 1 3�5
04 : 01–04 1 3�0
05 : 01–03 1 3�0
05 : 03–14 1 3�0
06 : 03–13 1 3�0
03 : 04–15 1 2�2
02 : 01–09 1 2�1
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required to understand the immunogenetics of CHIKV

infection and disease severity.
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