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Introduction

Streptococcus pyogenes or group A streptococci (GAS) 
causes a spectrum of diseases including its most serious 
sequelae, i.e. acute rheumatic fever (ARF) and rheumatic 
heart disease (RHD). It is a major cause of morbidity 
and mortality throughout the world (Carapetis et  al. 
2005) including India (Shet & Kaplan 2004). Siegel et al. 
(1961) suggested a genetic basis of this disease as ARF 
develops only in 0.3%–3% cases of GAS pharyngitis while 
Read et  al. (1983) and Schwentker (1952) revealed that 
ARF occurred 4–8 times more frequently in relatives of 
patients.

Recent data on the molecular genetics of the human 
leukocyte antigen (HLA) provides direct support to a 
genetic basis for susceptibility to several diseases. The 
association of specific HLA antigen with many auto-
immune diseases has been well established (Bowness 
2002). It has led to an extensive search for a specific HLA 

associated with rheumatic fever/rheumatic heart dis-
ease (RF/RHD). Although HLA-B27 has been associated 
with several autoimmune and infectious diseases, how-
ever, its association with RF/RHD has not been studied. 
The inconsistency of HLA class I association with RHD 
prompted further studies to focus on class II antigens. 
Several studies suggest that genetic susceptibility to RF/
RHD is linked to different HLA class II alleles in differ-
ent ethnic population of the world (Bryant et al. 2009).

The inconsistency among susceptibility and/or pro-
tective alleles in earlier studies might be because of tech-
nical inefficiency, besides the ethnic differences in the 
distribution of HLA alleles. However, the present study 
has overcome this drawback using sequence specific 
primer-polymerase chain reaction to identify specific 
HLA type as a genetic susceptibility marker for RHD 
patients in Chandigarh, North India which could provide 
valuable clues about susceptible individuals.
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Methods

Patients of RF/RHD from the North Indian states 
of India, who visited the Advanced Cardiac Center, 
Department of Cardiology, Postgraduate Institute 
of Medical Education and Research (PGIMER), 
Chandigarh were enrolled in the study. The subjects 
were categorized into following groups: (1) 20 ARF 
patients diagnosed using Jones criteria, (2) 60 RHD 
patients diagnosed clinically by a cardiologist having a 
valvular lesion [severe mitral stenosis (MS) or regurgi-
tation (MR)] confirmed by auscultation or electrocardi-
ography and (3) equal number of age and sex matched 
apparently healthy controls. Ten milliliter of peripheral 
venous blood was withdrawn after informed consent of 
the subjects and their care takers. The study was carried 
out after approval by the ethics committee of PGIMER, 
Chandigarh.

Preparation of genomic DNA
The genomic DNA was isolated using DNA isolation kit 
(Real Biotech Corporation, Taiwan) as per the manufac-
turer’s instruction.

HLA typing using sequence specific primer  
polymerase chain reaction
HLA typing was carried out using HISTO TYPE/DNA-DR/
DQ kits (Biologische Analysensystem GmbH, Germany). 
Positive control provided in the kit was also run along 
with samples. The protocol followed was as per the man-
ufacturer’s instruction. For interpretation of HLA type, 
the specificity table and evaluation diagrams provided 
with the kit were used and bands that corresponded in 
size with that mentioned in the specificity table were 
considered positive.

HLA-DRB1*14 polymerase chain reaction
Amplification of HLA-DRB1*14 gene was carried out at 
the described conditions using specific published primers 
(Lee et al. 1996). The amplified products were visualized 
on ChemiImager™ 4400 (Alphainnotech, USA) after elec-
trophoresis on 0.8% agarose gel. To detect size of the ampli-
fied product, 100 bp DNA ladder (Fermentas, Canada) was 
used as a marker. Negative control was also run along the 
samples and each experiment was repeated thrice.

Polymerase chain reaction product purification
Purification of the polymerase chain reaction (PCR) 
product was done using RBC HiYield™ PCR DNA puri-
fication kit (RBC, Taiwan), as per the manufacturers 
instruction and the DNA was eluted in 15 µL of double 
distilled water.

DNA sequencing reaction
Sequencing reaction was carried out using ABI PRISM® 
dGTP BigDye™ Terminator v3.0 Ready Reaction Cycle 
Sequencing Kit (Applied Biosystems, USA). For sequenc-
ing reaction, PCR product was used as template DNA 

(1.0–2.0 µL as per the concentration of the purified PCR 
product) along with forward primer (1.6 µL of 1 pmol 
concentration), PCR buffer (1.5 µL of 1x), water (vari-
able) and the ABI PRISM BigDye. Ten micro liter of the 
reaction was set up for sequencing and the samples were 
subjected to thermocycler GeneAmp® PCR system 9700 
(Applied Biosystems, USA). The cycling parameters for 25 
cycles were 95°C for 10 s, 55°C for 5 s and 60°C for 4 min.

Big dye terminator cleanup
Unincorporated Big Dye Terminators were removed by 
clean up of the sequencing reaction product. Briefly, 12 
µL of Master Mix I (10 µL milliQ water and 2 µL of 125 mM 
EDTA per reaction) was added to 10µL of the reaction 
product along with 52 µL of Master Mix II (2 µL of 3 M 
sodium acetate and 50 µL of ethanol per reaction). Then 
the mixture was incubated for 15 min and centrifuged at 
12,000×g for 20 min. Seventy percent ethanol was added 
to the pellet and centrifuged at 12000×g for 10 min at room 
temperature and the DNA pellet was air dried. Twelve 
micro liter of Hi-Di formamide was added and denatured 
at 95°C for 5 min. The samples were snap chilled and 
proceeded for automated sequencing in 3130xl Genetic 
Analyzer (Applied Biosystems, USA).

HLA-B27 expression
The HLA-B27 antigen detection was done using BD HLA-
B27 kit (BD, USA) which is a qualitative, two color direct 
immunofluorescence method for rapid detection of 
HLA-B27 antigen expression in erythrocyte-lysed whole 
blood using BD flowcytometer. The protocol followed 
was as per the manufacturer’s instruction. Acquisition of 
the stained samples was done with BD HLA-B27 software 
for BD FACSCalibur. Approximately, 15,000 total events 
or 2,000 T lymphocytes were acquired. The acquisition 
software automatically gated the T lymphocytes in dot 
plots of CD3 PE versus scatter, calculated the log median 
fluorescence and generated the result with respect to the 
decision marker as positive or negative.

Bioinformatics analysis
Basic Local Alignment Search Tool (BLAST) was car-
ried out using the obtained nucleotide sequences of 
HLA-DRB1*14 at http://blast.ncbi.nlm.nih.gov/. The 
sequences were used further to detect single nucleotide 
polymorphism (SNP).

To find out SNPs, the nucleotide sequences of controls 
and patients were aligned with the known sequence from 
the GenBank database. Multiple alignments were carried 
out using online Multalin (http://multalin.toulouse.inra.
fr/multalin/) program.

Each SNP has the potential to affect protein function. 
Sorting Intolerant from Tolerant (SIFT) makes prediction 
on the fact that a highly conserved position should be intol-
erant to most substitutions, whereas a poorly conserved 
position can tolerate more substitutions and on the nature 
of amino acid that is substituted. SIFT analysis for HLA-
DRB1*14 was carried out online at http://sift.jcvi.org/.
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Statistical analysis
Statistical analysis was carried out using GraphPad 
PRISM (version 5) software. p value, odds ratio (OR) 
and 95% confidence interval (CI) was calculated using 
Fisher’s exact test.

Results

Patient characteristics
Twenty ARF patients (mean age 10 years) clinically diag-
nosed as ARF without carditis (75%, n = 15), ARF with 
carditis (20%, n = 4) and chorea (5%, n = 1) were enrolled. 
Sixty RHD patients (mean age 33 years) were enrolled out 
of which, 70% (n = 42) were diagnosed with severe MS, 
25% (n = 15) with severe MR, while 5% (n = 3) had severe 
aortic stenosis.

HLA typing
Genomic DNA prepared from RHD patients (n = 60) 
and controls were used to carry out PCR using HLA 
typing kit.

HLA-DQ typing
Out of the six HLA-DQ alleles, we observed a signifi-
cantly high frequency of DQB1*08 (82%; p < 0.0001) fol-
lowed by DQB1*16 (79%; p < 0.0002) and DQB1*03 (39%; 
p < 0.0001). The frequency of DQB1*06 allele was found to 

be higher in patients as compared to controls (p > 0.05). 
In contrast, control samples showed more of DQB1*02 
and DQB1*05 allele than patients (Table 1).

HLA-DR typing
Similarly, HLA-DR typing was carried out using HLA-
DRB typing kit (BAG, Germany). Out of the 14 DR alleles, 
significantly high frequency (p < 0.0001) of DRB1*14 
was observed followed by DRB1*04 (p = 0.01). All other 
alleles, i.e. DRB1*01, *07, *08, *11, *12, *13, DRB3*01 
and DRB4*01 also showed high frequency but were not 
statistically significant when compared to controls. A 
strong negative association was observed with DRB1*15 
(p < 0.01). DRB1*03, *10 and DRB5*01 also showed low 
frequency in patients, but the association was not statisti-
cally significant (Table 2).

Gene polymorphism in HLA-DRB1*14
Since HLA-DRB1*14 allele was the predominant HLA 
type in RHD patients of north India, further studies were 
carried out on all RHD samples to rule out any polymor-
phism in this gene. HLA-DRB1*14 specific PCR prod-
uct of 117 bp was purified and subjected to nucleotide 
sequencing. BLAST analysis showed hit with HLA-DRB 
sequence on the short arm of human chromosome 6 at 
6p21 region. The obtained patient sequence was aligned 
using online MultAlin program with HLA-DRB1*14 

Table 1.  Frequency of HLA-DQ alleles among RHD patients and controls of Chandigarh, North India.
Allele Patients (n = 60) % Controls (n = 60) % Odds ratio (OR) 95% CI p value Association

DQB1*02 20.3 27.0 0.61 0.34–1.3 0.3 NS

DQB1*03 38.6 00.0 222.3 13–3779 <0.0001* Positive

DQB1*05 9.0 55.0 0.01 0.005–0.051 <0.0001* Negative

DQB1*06 61.9 35.5 1.69 0.96–2.98 0.09 NS

DQB1*08 81.8 37.5 7.75 4.04–14.8 <0.0001* Positive

DQB1*16 78.8 37.5 3.36 1.8–6.2 <0.0002* Positive

*Statistically significant.
NS, non significant.

Table 2.  Frequency of HLA-DR alleles among RHD patients and controls of Chandigarh, North India.
Allele Patients (n = 60) % Controls (n = 60) % Odds ratio (OR) 95% CI p value Association

DRB1*01 34.3 22.5 1.82 0.97–3.42 0.09 NS

DRB1*03 18.1 25.0 0.67 0.28–1.61 0.5 NS

DRB1*04 63.6 37.5 2.77 1.32–5.82 0.01* Positive

DRB1*07 09.0 00.0 11.99 0.64–222 0.06 NS

DRB1*08 36.3 25.0 1.73 0.79–3.81 0.2 NS

DRB1*10 01.6 12.5 0.12 0.02–1.67 0.06 NS

DRB1*11 54.5 37.5 1.97 0.95–4.09 0.09 NS

DRB1*12 25.2 14.0 2.04 0.99–4.22 0.07 NS

DRB1*13 54.5 25.0 1.97 0.95–4.09 0.09 NS

DRB1*14 100 25.0 595.1 35.6–9939 <0.0001* Positive

DRB1*15 18.1 50.0 0.21 0.11–0.41 <0.01* Negative

DRB3*01 72.7 62.5 1.46 0.67–3.15 0.4 NS

DRB4*01 27.2 12.5 2.36 0.92–6.04 0.1 NS

DRB5*01 22.1 35.5 0.52 0.27–0.98 0.059 NS

*Statistically significant.
NS, non significant.
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sequence available on Genbank (GenBank:GQ302516.1). 
On sequence comparison, SNP was observed at two posi-
tions. The first point mutation was transversion (A→T) at 
position 43 and the other was transition (T→C) at posi-
tion 118.

To understand the effects of these point mutations, 
the nucleotide sequence was translated to peptide 
sequence (http://expasy.org/tools/dna.html) and 
the protein BLAST matched with human HLA-DRB1 
fragment and HLA-DRB1*14. To know the position of 
substituted amino acid in RHD patients, the peptide 
sequences were aligned using MultAlin tool. First SNP 
caused substitution of asparagine (hydrophilic amino 
acid) with isoleucine (hydrophobic amino acid) at posi-
tion 14 (N14I) of the peptide sequence, while second 
SNP caused substitution of valine with alanine (both 
belong to hydrophobic aliphatic amino acid group) at 
position 39 (V39A) of the peptide sequence. The amino 
acid substitutions were further analysed using the 
online SIFT (Sorting Intolerant from Tolerant) program 
which predicted that substitution N14I would affect 
protein function, while V39A was tolerated and did not 
reveal affect on protein function.

Expression of HLA-B27
Flowcytometric HLA-B27 expression study was carried 
out on 20 ARF patients, 50 RHD patients and controls 
using 50 µL of whole blood sample. Parent (either mother 
or father) of ARF patients were also included in the study. 
Out of 20 RF patients screened for HLA-B27, 42.85% 
(14/20) were positive for this allele. Interestingly, four 
parents out of six (66.66%) HLA-B27 positive cases were 
also positive for HLA-B27. However, all RHD patients 
(n = 50) tested negative for HLA-B27 antigen. The result 
in normal healthy controls was similar to that in RHD 
patients, i.e. all controls were also negative for this anti-
gen (Table 3).

Discussion

The pathogenesis of RF/RHD is believed to involve 
the triad of a genetic susceptible individual infected 
with rheumatogenic strain of GAS with an anomalous 
host immune response. Host genetic factors have been 
associated with susceptibility to ARF and subsequent 
progression to RHD as earlier studies have shown low 
attack rate (up to 3%) of ARF after untreated strepto-
coccal pharyingitis (Bowness 2002), relatively high 
concordance rate for RF in monozygotic twins (19%) 

in comparison to dizygotic twins (2.5%) (DiSciascio 
& Taranta 1980) and high familial incidence of ARF 
(Pickles 1943). Interest in the genetic aspects of RF/
RHD occurred with the recognition that gene prod-
uct of HLA is significantly associated with a number 
of autoimmune and rheumatic diseases. The fact that 
there are few Indian studies done using serological typ-
ing method way back during 1980’s necessitated the 
screening for HLA types using more accurate molecular 
method in order to find the prevalent HLA type as the 
genetic susceptibility marker of RHD in north Indian 
population.

In our study, HLA-DQB typing showed highest 
positive association of RHD with DQB1*08 which has 
also been associated with RHD patients in Turkey 
(Gundogdu et  al. 2007). In this study, high frequency 
of HLA-DQB1*16, DQB1*06 and DQB1*03 was found. 
HLA-DQB1*03 has been associated with RHD in 
Mexican (Hernandez-Pacheco et  al. 2003), Latvian 
(Guedez et  al. 1999) and Indian Kashmiri patients 
(Wani 1997). No study so far had shown association 
of RHD with DQB1*06 and DQB1*16. A statistically 
significant negative association of RHD was observed 
with DQB1*05 in our study and Latvian RHD patients 
(Stanevicha et al. 2003), while positive association was 
seen among Japanese patients (Koyanagi et  al. 1996). 
DQB1*02 has been associated with Mexican RHD 
patients, but Indian study of Kashmiri RHD patients 
showed a negative association, as in this study.

HLA-DR typing results showed statistically significant 
positive association with HLA-DRB1*14 and DRB1*04. 
Although earlier studies did not report any association 
of DRB1*14 with RHD, Nepam et al. (1995) showed asso-
ciation of rheumatoid arthritis with DRB1*01, DRB1*04 
and DRB1*14. All these three alleles showed high fre-
quency in RHD patients, suggesting their association 
with rheumatism. DRB1*04 has been associated with 
RHD patients from various ethnic populations of the 
world like Caucasion–Americans (Anastasious-Nana 
et  al. 1986; Ayoub et  al. 1986), Turkey (Khosroshahi 
et al. 1992) and Saudi Arabians (Rajapakse et al. 1987). 
Indian studies reported so far on RHD patients have 
shown high frequency of DR4 (Wani 1997; Jhinghan 
et al. 1986; Reddy et al. 1990) which is consistent with 
this study. HLA-DR4 is significantly common in patients 
with post streptococcal glomerulonephritis (Layrisse 
et al. 1983). In ARF and glomerulonephritis, the abnor-
mal immunological response directed against connec-
tive tissue is initiated by S. pyogenes which suggests 
that an enhanced response to streptococci was another 
factor predisposing HLA-DR4 positive individuals to 
RF and its complications.

Apart from DRB1*14 and DRB1*04, high frequency 
of HLA-DRB1*01, *07, *08, *11, *12, *13, DRB3*01 and 
DRB4*01 was also observed. Out of these, DRB1*01 was 
associated with RHD patients of Martinique (Monplaisir 
et  al. 1986), Black South Africans (Maharaj et  al. 1987) 
and showed a negative association in Turkish RHD 

Table 3.  HLA-B27 expression by flowcytometry in different 
subgroups.
Categories No. of cases −ve +ve
RF cases 20 14 6
RF parents 20 16 4
RHD cases 50 50 0
Controls 50 50 0
RF, rheumatic fever; RHD, rheumatic heart disease.
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patients (Gundogdu et  al. 2007). Earlier Indian studies 
showed low frequency of DR1 which was not the case 
in this study. DR*07 has been associated with Brazilian 
(Guilherme et al. 1991; Visentainer et al. 2000), Turkish 
(Gundogdu et al. 2007), Latvian (Stanevicha et al. 2003), 
Pakistani (Rehman et  al. 2007) and Egyptian (Guedez 
1999) patients and is associated with the development 
of valvular lesion. HLA-DR11 contradicts the results 
as it showed negative association in other populations 
(Hernandez-Pacheco et  al. 2003). DRB1*13 was only 
found associated in Egyptian RHD patients (Stanevicha 
et al. 2003). No reports of association with other alleles 
were found. Earlier studies on patients of North India 
showed high frequency of DRB1*07 and DRB1*08 
(Jhinghan et al. 1986; Reddy et al. 1990) which is consis-
tent with results of present study. However, it contradicts 
the study on Kashmiri patients, where both these alleles 
showed low frequency.

Present study showed statistically significant nega-
tive association of HLA-DRB1*15 with RHD. However, 
there is no earlier study which had shown any associa-
tion with this allele along with DRB1*10 and DRB5*01. 
DR3 had shown positive association in patients of 
India (Jhinghan et al. 1986; Reddy et al. 1990), Turkey 
(Ozkan et al. 1993), Latvia (Guedez 1999) and Mexico 
(Hernandez-Pacheco et  al. 2003), but it showed low 
frequency in this study.

Reasons for the observed discrepancies could be 
the use of serological HLA typing method in the pre-
vious studies which were reported to be prone to 
discrepancies, that may reach 40% (Ayoub & Majeed 
2000; Carlquist & Anderson 1993; Erlich et  al. 2001; 
Mytilineos et al. 1994) and secondly the heterogeneity 
among the study population (Khosroshahi et al. 1992; 
Olmez et  al. 1993). Also, since HLA class II antigens 
play an important role in antigen presentation to T 
cells, the inconsistent association with HLA antigens in 
different populations is in harmony with the possibility 
that different GAS emm types are associated with ARF/
RHD in different countries.

For the first time, HLA-DRB1*14 was found to be asso-
ciated with RHD and was present in all the RHD patients 
of North India. Therefore, further study on this allele was 
done to detect gene polymorphism, if any. Although 
only a small proportion of polymorphisms may be of 
functional relevance, all are of potential value as genetic 
markers for mapping regions of DNA that determine dis-
ease susceptibility. HLA-DRB1*14 gene sequence from 
RHD patients revealed two point mutations and SIFT 
analysis predicted that the substitution at position 14 can 
affect protein function, while the other substitution at 
position 39 can be tolerated.

According to the structural model of the class II mol-
ecule, polymorphism can change the charge on the class 
II α and β chain, thereby disrupting antigen presentation 
(Deschamps & Khalil 1993). Promoter polymorphism 
may induce some cells to express class II molecules that 
would not ordinarily transcribe the HLA II genes. These 

abnormalities may cause an autoimmune response 
(Leech et  al. 1995; Christiansen et  al. 1999). The func-
tion of HLA is to present the antigen to the T cells, so it 
could be assumed that these SNPs may be associated 
with over expression of HLA-DRB1*14 on the surface of 
B cells which may cause high antigen presentation to T 
cells, thereby leading to abnormal immune response and 
further causing damage to the heart valves.

Our next focus was on HLA-B27, as it has been 
strongly associated with various autoimmune diseases 
(Bowness 2002). RHD is considered an autoimmune 
disorder, however, none of the earlier report showed 
association of HLA-B27 with RHD. Our study showed 
for the first time that HLA-B27 was positive in ~43% 
ARF patients, as there is no report of HLA-B27 associa-
tion with RF. Our study showed all RHD patients to be 
negative for HLA-B27 which was consistent with earlier 
Indian study carried out serologically on North Indian 
population (Maharaj et al. 1997). All controls were also 
negative for HLA-B27 comparable to earlier Indian 
study which showed presence of HLA-B27 in 2.1% con-
trols of north India (Maharaj et al. 1997). Thus, the study 
suggests that HLA-B27 could be one of the susceptibil-
ity marker expressed during the acute phase of ARF to 
initiate an immune response and subsides during the 
progression towards chronicity.

Conclusion

The data from the present study has focused on screen-
ing the susceptible individuals for RHD and to fill in 
the void of studies on susceptibility markers in RHD 
patients of north India. Besides HLA, several non-HLA 
markers have also been associated in ARF/RHD dis-
ease progression. Therefore, further studies are needed 
to understand the overall mechanism of genetic 
susceptibility.
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