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Abstract  

The HLA-B*58:01 allele was identified as a genetic marker for allopurinol-induced severe 

cutaneous adverse drug reactions (SCARs) in gout patients. Malaysia has a high frequency of 

10.4% of the HLA-B*58:01 allele in allopurinol-induced SCARs patients. However, the 

strength of association of the HLA-B*58:01 allele to allopurinol-induced SCARs still need to 

be further validated in Malaysian pharmacogenetics studies. This project aims to develop a 

new, cost-effective, user-friendly and rapid method of screening for this allele by using the 

High Resolution Melt (HRM) method. The HRM method was used for its ability of reference 

curve-based targeted genotyping, where a positive control’s melt curve is used as a 

reference for screening of unknown samples. A gout cohort (n=145) and a healthy 

volunteers cohort (n=145), matched for age, gender and ethnicity, were used for the HRM 

screening. The HRM method showed a sensitivity of 0%, specificity of 57%, positive 

predictive value of 0% and negative predictive value of 57%, due to the presence of 

significant limiting factors. Several significant limitations were met in this study, starting 

with the slow sample collection, low number of SCARs samples, positive control’s 

heterozygosity, low primer specificity and the high level of polymorphism in the HLA-

B*58:01 allele. Moreover, the Sanger sequencing and NGS methods were used to validate 

the HRM method and delve into the complexity of the HLA-B alleles’ role in Malaysians. The 

newer theory of the presence of numerous HLA-B alleles as pharmacogenetic markers in 

populations was also investigated. HLA-B*58:01 was seen as a strong genetic marker in mild 

allopurinol-induced hypersensitivities and SCARs by Sanger sequencing. HLA-B*58:01 

positive samples identified by Sanger sequencing had high frequencies of 32.1% for two 

different alleles; HLA-B*58:01:01 and HLA-B*35:01:01. Moreover, healthy volunteer 

samples showed high frequencies of 28.5% for HLA-B*58:01:01 and HLA-B*35:01:01 alleles. 

Hence, all these aforementioned HLA-B alleles are identified as potential pharmacogenetic 

markers in Malaysia. Next Generation Sequencing (NGS) was performed on 6 gout samples 

and 3 Malaysian specific SNPs (rs11423052, rs151341211 and rs9279154) were identified for 

the HLA-B*58:01 allele. Future studies need to focus on SNPs amplification in order to fully 

exploit the HRM  method’s strengths as a screening method. 
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CHAPTER 1: INTRODUCTION 
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1.1 Research rationale 

 

Gout is a purine metabolism disorder caused by depositions of urate crystals in joints, which 

is in turn brought about by long-lasting hyperuricemia (Richette & Bardin, 2010). The 

worldwide prevalence of gout is 0.1-10%, with an annual incidence of 0.3-6 cases per 1000 

persons-years and has an incidence of 2-6 fold more in men, when compared to women. 

Gout’s incidence in Malaysia was at 1% in 2016, totalling up to around 31,000 patients 

affected (Kuo et al., 2015). Allopurinol is the first-line, urate-decreasing therapy commonly 

used in gout patients due to its rapid lowering effect on serum urate levels and affordable 

cost over other drugs. Allopurinol and its metabolite oxypurinol inhibits xanthine 

oxidoreductase and leads to a decreased urate production and de novo purine synthesis 

(Day et al., 2017: Kwok & Kwong, 2013). 

However, allopurinol use may lead to occurrences of adverse drug reactions (ADRs) in 

patients which may lead to mortality. This type of ADR is classified as Type B ADRs, also 

known as idiosyncratic ADRs, which are either immune-mediated or non-immune related. 

These ADRs can manifest as mild maculopapular eruptions (MPE), the life-threatening 

severe cutaneous adverse reactions (SCARs) which includes Stevens-Johnson 

syndrome/toxic epidermal necrolysis (SJS/TEN), drug reaction with eosinophilia and 

systemic symptoms (DRESS), as well as allopurinol hypersensitivity syndrome (AHS) (Stamp 

et al., 2016). Allopurinol is one of the highest causes of SCARs, accounting for around 5% of 

total SCARs cases. DRESS syndrome is characterized by skin rashes, eosinophilia, 

lymphadenopathy, fever and multi-organ dysfunction, with a 10% mortality rate in patients 

(Tsai & Yeh, 2010). SJS and TEN are characterized by cellular apoptosis, mucous membrane 

erosion, severe detachment of the epidermis and constitutional symptoms. SJS has a 

mortality rate of 5-10% with body surface area (BSA) detachment of less than 10%, while 

TEN has a mortality rate of 30-40% with BSA detachment of more than 30% (Bharadwaj et 

al., 2012; Roujeau et al., 1995).   

The pathogenesis of all these hypersensitivity reactions are mediated by the immune 

system, more specifically by the Major histocompatibility complex class I (MHCI) molecules 

which consists of the Human Leukocyte Antigen B (HLA-B) alleles (Bharadwaj et al., 2012; 
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Chung et al., 2008). Hence, the pharmacogenomics (PGx) field was born, linking drugs’ ADRs 

to HLA-B alleles and specific populations. PGx and its implications in medical science 

skyrocketed in the 2000s, along with the Human Genome Project’s completion (Collins & 

McKusick, 2001). Several pharmacogenetic markers have been identified, starting with HLA-

B*57:01 in abacavir (ABC)-induced SCARs in HIV patients (Mallal et al., 2008) and followed 

by HLA-B*15:02 in carbamazepine (CBZ)-induced SCARs in epileptic patients (Chung et al., 

2004).  

The HLA-B*58:01 allele is the most well-established genetic link to allopurinol-induced 

hypersensitivity reactions (Jung et al., 2011). The mechanisms behind this genetic 

association follows the HLA-dependent T cell activation by the drug, whereby CD8+ T cells 

activation will be accompanied by cytotoxic effects on keratinocytes which ultimately results 

in the characteristic epidermal aggression and necrolysis seen in SCARs (Bidwell, 1994; 

McDonagh et al., 2014). Gout patients risk SCARs development 80-97 times more in the 

presence of the HLA-B*58:01 allele (Choo et al., 2014). The genetic association between 

HLA-B*58:01 and AH has been validated in numerous countries, including Taiwan (Hung et 

al., 2005), Thailand (Tassaneeyakul et al., 2009; Jantararoungtoung et al., 2014; Sukasem et 

al., 2016), China (Cao et al., 2012; Chiu et al., 2012), Hong Kong (Cheng et al., 2015), Japan 

(Kaniwa et al., 2008; Tohkin et al., 2013; Niihara et al., 2013), Korea (Jung et al., 2011; Kang 

et al., 2011), and Europe (Christallo et al., 2011; Lonjou et al. 2008). Malaysia was shown to 

have a high frequency of 10.4% for the HLA-B*58:01 allele in SCARs, as recorded in the 

Allele Frequency Net Database (AFND) (González-Galarza et al., 2015). Therefore, it has 

been proposed that HLA-B*58:01 screening prior to allopurinol prescription may effectively 

reduce incidences of allopurinol-induced ADRs and minimize morbidity and mortality (Jung 

et al., 2011).   
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1.2 Research approaches  

 

The screening of HLA alleles started with serological testing, followed by Restriction 

Fragment Length Polymorphism (RFLP), Polymerase Chain Reaction (PCR), Sequence specific 

priming (SSP), Sequence Specific Oligonucleotide Typing (SSO) and loop-mediated 

isothermal amplification (LAMP). However, these methods had several disadvantages, 

namely, being time-consuming, inefficient, using large amounts of reagents and low 

specificity due to high HLA polymorphisms (Choo, 2007; Pozzi et al., 1999). The gold 

standard for HLA typing is DNA sequencing, but it is too time consuming, especially when 

immediate results are needed in hospitals for subsequent prescriptions (Bidwell, 1994).  

This study introduces the use of the High Resolution Melt method (HRM) as a rapid and 

cost-effective screening method for the HLA-B*58:01 allele, which overcomes the 

shortcomings of previous screening methods used. The HRM method has been extensively 

used for genotyping, single nucleotide polymorphism (SNP) scanning and HLA donor 

matching in organ transplantation (Reed, 2007). The HRM method can accurately 

differentiate between different DNA sequences based on their GC composition, melting 

point, DNA length and complementarity by using special DNA binding dyes. During the HRM 

method, temperature is increased in short increments of 0.008-0.2C allowing detailed 

melting curve generation and analysis where single base changes are detected in otherwise 

identical DNA sequences (Reed, 2007). The HRM method can detect the slightest change in 

one DNA base, which will then be reflected in a change of the HRM melt curve shape. This 

theory is called the reference curve-based targeted genotyping, and it has been used in a 

few HLA studies only (Rani et al., 2018; Imperiali et al., 2015; Cui et al., 2013; Lundgren et 

al., 2012; Zhou et al., 2004). HRM also provides the advantages of a quick, qualitative 

screening method, with lower costs, high accuracy, sensitivity and specificity (Zhou et al., 

2004).  By using the unique features of the HRM method, a screening method for the HLA-

B*58:01 allele will be designed and optimised in this study, in order to decrease allopurinol-

induced ADRs. Sanger sequencing, the gold standard for HLA typing, will be used to validate 

the HRM method developed and to confirm the presence of the HLA-B*58:01 allele in 

positive samples identified.  



20 
 

Owing to the HLA alleles’ high number of polymorphisms, even Sanger sequencing has its 

limits in HLA typing and in uncovering their full potential. Here, the Next Generation 

Sequencing (NGS) method comes into play to decipher the ambiguities and gaps left in the 

understanding of the HLA-B alleles’ role in drug-induced SCARs in diseases and infections. 

The high resolution and high-throughput capability of NGS will allow us to significantly 

resolve the current HLA-B sequence coverage gap and fully characterize the multifaceted 

HLA-B genes (Wang et al., 2012). Moreover, NGS will also be used as the ultimate validation 

for both the HRM and Sanger sequencing methods. One of the biggest hurdles of the PGx 

community is the translation of research into clinical application (Chang et al., 2020). 
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1.3 Significance of study 

 

Malaysia was shown to have a high frequency of 10.4% for the HLA-B*58:01 allele in SCARs, 

as recorded in the AFND (González-Galarza et al., 2015). However, studies on the AFND 

were only anthropology and transplantation studies, without one single PGx study. Recently, 

a study was published, proving the role of the HLA-B*58:01 allele in allopurinol-induced 

SCARs in Malaysia (Low et al., 2020). 

HLA typing methods, sequencing and commercial kits are too expensive for Malaysians, 

showing the need for development of a low cost and effective screening method, thus 

allowing anyone to predict their reactions to drugs based on their unique genetic makeup. 

This project aims to develop a new screening procedure by exploiting the HRM method 

which offers numerous advantages over all existing HLA screening methods. Moreover the 

NGS method will be used to decode the HLA-B*58:01 allele into depth to give us an insight 

of its complexity and involvement in allopurinol-induced SCARs in Malaysia. The possible 

presence of other HLA-B pharmacogenetic markers and SNPs will be investigated too and 

give us a deeper understanding about their mechanisms of action.  

 

1.4 Hypothesis of research 

 

The hypothesis of this research states that the HLA-B*58:01 allele is strongly linked to 

allopurinol-induced SCARs in Malaysian gout patients. Moreover, the HRM method is 

hypothesized to be an accurate screening method to use in order to detect the HLA-B*58:01 

allele. Another hypothesis states that other HLA-B alleles might be linked to SCARs and 

other milder forms of ADRs in Malaysians. These hypotheses will be thoroughly investigated 

in this research. 
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1.5 Aims and Objectives  

 

1) Design specific primers for amplification of exon 2 and 3 of the HLA-B*58:01 allele and 

validate it by Sanger sequencing. 

2) Optimize a standard and a multiplex Polymerase Chain Reaction (PCR) for amplification 

of the HLA-B*58:01 allele and validate this by Sanger sequencing. 

3) Develop and optimize the HRM method with the designed primer sets and the cloned 

positive control as reference genotype. Validate the HRM screening method with Sanger 

sequencing.  

4) Evaluate the sensitivity, specificity, positive and negative predictive value of the HRM 

method. 

5) Use NGS to further validate HRM and Sanger sequencing findings.  
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CHAPTER 2: LITERATURE REVIEW 
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2.1 Gout 

 

2.1.1 Discovery of gout and monosodium urate (MSU) crystals 

 

Gout is a disease of antiquity, found in the skeletal remains of pharaohs in Egypt (2620 BC to 

2480 BC and even in the fossil of dinosaurs such as the Tyrannosaurus rex (Hartung, 1957). It 

was also known as the ‘disease of kings’ with its long history dating back to around 3000 

B.C. Gout is a purine metabolism disorder caused by depositions of urate crystals in joints 

which is in turn brought about by long-lasting hyperuricaemia. The prevalence of gout is 

constantly increasing and may be attributable to changes in diets, lifestyle and increased 

ageing population. Gout affects millions of people worldwide, and understanding the 

disease is key to prevention and cure (Richette & Bardin, 2010). Gout is nowadays 

extensively understood and properly treated as a true crystal deposition disease which 

results from the formation of monosodium urate (MSU) crystals. Uric acid (UA) was first 

discovered by Karl Wilhelm Scheele in 1776 (Scheele & Beddoes, 1786), followed by the 

discovery of W. H. Woolaston three years later which demonstrated the presence of sodium 

urate in his own tophus (Fraser, 1992). Sir Alfred Garrod first postulated uric acid as the 

cause of joint inflammation and he also devised the first qualitative test for uric acid, known 

as the “thread test” (Mellen et al, 2006). In 1897, MSU crystals were thought to be the 

cause of inflammation by Gustave Riehl and this was later proven by Wilhelm His Jr. MSU 

crystals were later linked to both inflammation and necrosis by Freudweiler who performed 

the histological study on rabbits and chickens injected with MSU crystals (Wortmann et al, 

2006). The same experiment was repeated on a human volunteer in the early 1960s and 

showed an intense inflammatory response in the injected joint (Buchanan et al, 1965). 

Hence, following this series of experiments over time, MSU crystals were identified 

unequivocally as the pathogenic agent in gout. Gout’s concept has been elusive for 

centuries and was only cemented after the aforementioned experiments by numerous 

scientists. This disease now has distinct phenotypic characteristics, such as, high serum 

urate concentration (hyperuricaemia), recurrent acute arthritis attacks, MSU crystals 

accumulation around joints, possible renal disease and uric acid urolithiasis (Firestein, 

2009).



25 
 

2.1.2 Epidemiology of gout  

 

Measuring a disease’s occurrence comprises of the prevalence and incidence, where 

definitions are the number of cases per population at a given time and the number of the 

new cases per population at a period of time, respectively. The worldwide prevalence of 

gout is 0.1-10%, with an annual incidence of 0.3-6 cases per 1000 persons-years. The 

incidence of gout in men is 2-6 fold more than in women. The worldwide incidence is 

increasing gradually due to poor dietary habits, sedentary lifestyle, increased obesity and 

metabolic syndrome. Western countries have a prevalence of 3-6% in men and 1-2% in 

women, and may even go up to 10% in some.  Prevalence increases to 10% in elderly men 

and 6% in elderly women of more than 80 years old (Kuo et al, 2015).   

Different country in the Asia-Pacific regions have varied prevalence, with Taiwan (upto 

10.42%) being amongst the top countries worldwide with the highest prevalence of gout. 

China (6.10%) and Malaysia (1%) were found to have higher gout levels compared to Japan 

(0.51%), Thailand patients (<0.50%) and other Asian populations (Poór & Mituszova, 2003) 

as shown in Table 2.1. In 2016, 34 million cases of gout for people older than 15 years old 

were recorded worldwide and an approximate forecast for the year 2025 is of 37.9 million 

cases. Gout’s incidence in Malaysia was at 1% in 2016, totalling up to around 31,000 

patients affected (Kuo et al, 2015). 
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2.1.2.1 Prevalence 

 

Global prevalence cannot be captured in one single estimate, as it varies from country to 

country and data is lacking in many regions. The highest prevalence (>10%) was recorded in 

Oceanian countries, specifically in Taiwanese aboriginals (Chang et al., 1997; Chou et al., 

1998) and Maori people (Rose and Prior, 1963; Pascart et al., 2014). North America and 

Western Europe have a prevalence of around 1-4% as detailed in Table 2.1, while other 

countries are reported to have an even smaller prevalence, such as Guatemala, Iran, Turkey, 

etc (Obregón-Ponce et al, 2012; Davatchi et al., 2008; Cakir et al., 2012). Factors influencing 

the estimates of the prevalence of gout vary according to differences in sample number, 

age, gender distribution, geographic locations, sampling methods, gout definition used and 

ethnicities of study patients (Wijnands et al., 2015). Figure 2.1 shows two graphs with 

prevalence data recorded for seven main countries, against age (part a) and gender (part b). 

Figure 2.1 (a) shows that age-specific prevalence of gout is similar in the UK, USA and New 

Zealand, whereas Taiwan has the highest gout prevalence across all ages.  However, 

irrespective of prevalence in different countries, the latter always increases with age and 

plateaus around 70 years old. Figure 2.1 (b) shows the higher gout prevalence in men 

compared to women in all the seven countries, in a ratio of around 4:1 (male: female) (Kuo 

et al, 2015). 

 



27 
 

Table 2-1 Gout prevalence estimates in developed and developing countries. GP stands for 

general population (Kuo et al, 2015). 

Countries Estimated prevalence (%) Reference 

America 

Mexico 0.30-0.40 65, 66 

Cuba 0.30-0.40 67 

Venezuela 0.30-0.40 68 

Guatemala 0.01 20 

Jamaica 0.80 69 

Canada 3.00 37 

Europe 

Greece 4.75 38 

United Kingdom (UK) 2.49 39 

Spain 2.49 40 

Netherlands 2.49 41 

Germany 1.49 42 

France 0.90 43 

Italy 0.91 44 

Portugal 0.30 45 

Czech Republic 0.30 46 

Australia and New Zealand 

Australia (GP) 1.44 48 

Pacific Islanders 7.63 49 

Maori 6.06 49 

European descent 3.24 49 

Asia 

Japan 0.51 50 

South Korea 0.40 51 

China 5.10-6.10 52 

Northern China 1.14 78 
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Singapore 4.10 53 

Taiwan (GP) 4.92 54 

Taiwanese aboriginals 10.42 14 

Indonesia 1.70 70 

Malaysia 1.00 26 

Kuwait 0.80 70 

Bangladesh <0.50 71 

India <0.50 74 

Northern India (Jammu) 0.82 82 

Iran <0.50 21 

Pakistan <0.50 75 

Philippines <0.50 27 

Thailand <0.50 76 

Vietnam <0.50 77 
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Figure 2-1 Prevalence of gout worldwide in seven representative countries, shown against 

patients’ age (part a) and gender (part b). Part a shows a linear increase in gout prevalence 

with age and part b shows than gout patients are mostly male in all countries (Kuo et al, 

2015) 
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2.1.2.2 Incidence 

 

Studies on the incidence of gout are fewer compared to the global prevalence studies. An 

estimate for the general gout incidence is 2-6 fold higher in men than in women. Incidence 

is also known to increase with age and reaches a plateau around 70 years, similar to gout 

prevalence. Numerous studies have reported the incidence of gout in the USA, namely the 

Framingham study with 0.84 cases per 1000 person years (Abbott et al., 1988) and another 

study in Sudbury with 1.0 cases per 1000 persons, as shown in Table 2.2 (O'Sullivan et al., 

1972). 

However, with different studies there are different case definitions, age limits, sampling 

strategies and location, thus making it difficult to set a proper trend for incidence. 

Interestingly, when the Rochester Epidemiology Project used a case-definition of physician-

diagnosed gout, along with an age and sex adjusted factor, the incidence decreased to half 

compared to the other three aforementioned studies. Moreover, an increase in incidence 

was also observed in the second part of the study done until 1996, as shown in Table 2.2 

(Maynard et al., 2014). This increase in incidence with time was also seen in three other 

studies, namely the “USA Rochester Epidemiology Project, the UK Second and Third National 

Studies of Morbidity and the UK Clinical Practice Datalink (CPRD). The highest gout incidence 

recorded from Table 2.2 is from the Maori people of New Zealand (6.45), followed by 

Taiwan (2.74) and a UK Health Improvement Network study (2.68). The Singapore Chinese 

health cohort study reported an incidence rate of as 0.5 per 1000 person-years in men and 

0.294 per 1000 person-years in women. However, there is no incidence yet reported for 

Malaysia and it is assumed to be the same as Singapore, due to their similar population 

demographics Hence, incidence rate will also vary from country to country and based on 

numerous other factors like gout definitions used, patients’ age, sampling techniques used, 

length of study, etc.  
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Table 2-2 Incidence recorded for seven main countries worldwide, along with different 

studies and their specific duration. Three entries have multiple incidence recorded in this 

table, recorded at different time frames in the same study (Kuo et al, 2015). 

Country  Study name or population Incidence (cases 

per 1000 

persons) 

Duration of 

study 

USA Framingham study 0.84 1948-1980 

New England town study (Sudbury) 1.00 1964 (1 year) 

Atherosclerosis Risk Communities 

(ARIC) study 

0.84 1987-2012 

Rochester Epidemiology Project 

 

0.45 

0.62 

1977–1978 

1995-1996 

UK Second and Third National Studies of 

Morbidity in General Practice 

1.00 

1.40 

1971–1975 

1981–1982 

Clinical Practice Research Datalink 

(CPRD) 

1.19–1.80 

1.36–1.77 

2.26 

1990‒1999 

1997‒2012 

2012 (1 year) 

Royal College of General Practitioners 

Weekly Returns Service (WRS) 

1.12–1.35 1994‒2007 

The Health Improvement Network 

(THIN) 

2.68 2000‒2007 

Finland New England town study (Sudbury) 0.06 1974 (1 year) 

Italy Longitudinal Patient Database 0.95 2005–2009 

Czech Republic Ceske Budejovice and Cheb 0.41 2002–2003 

New Zealand Maori individuals 6.45 1962-1974 

Taiwan National Health Insurance Research 

Database (NHIRD) 

2.74 2010 (1 year) 

Singapore The Singapore Chinese health cohort 

study 

0.294-0.5 1993-1998 
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2.1.3 Pathogenesis of hyperuricaemia  

 

2.1.3.1 Introduction 

 

The last metabolite of the endogenous and dietary purine metabolism is uric acid. The latter 

is a weak acid (pH of 5.8) which is ionised to urate at physiological pH of 7.4. Urate crystals 

will start to deposit in joints when the serum uric acid (SUA) level increases above the 

normal threshold, as shown in Figure 2.2 below. The pathological threshold of 

hyperuricaemia is set at 6.8mg/dL (Dalbeth et al., 2019; McCarty and Hollander, 1961). 

Urate is mostly present as monosodium urate due to high sodium levels in the extracellular 

compartment. Monosodium urate crystals will form and precipitate when the urate levels 

exceed 380 µmol/L. Urate is mostly produced in the liver, followed by the small intestines.  

Urate production depends on purine synthesis, salvage and degradation pathways, as 

depicted in Figure 2.3. Hyperuricaemia can be caused by an increased turnover of nucleic 

acid or an increase in ATP breakdown to AMP. The enzyme uricase mutated and absent in 

humans, thus preventing the degradation of uric acid to soluble allantoin and leaving urate 

close to its solubility limit (Richette & Bardin, 2010). Genetic polymorphisms in crucial urate 

transporters, such as human URAT1 transporter and the fructose SCL2A9 transporter, will 

decrease urate excretion (Tausche et al, 2009). Hyperuricaemia is caused in 90% of cases by 

the faulty renal excretion of uric acid and the rest of the 10% constitutes people who 

overproduce uric acid, as shown in Figure 2.3 (Richette & Bardin, 2010). 
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Figure 2-2 Flow diagram showing the conversion of purines to serum urate and ultimately to 

an excess leading to crystal formation and chronic tophaceous gout (Richette & Bardin, 

2010). 

 

Figure 2-3 Pathogenesis of hyperuricaemia is depicted, along with the risk factors affecting 

this whole process (Ragab et al., 2017) 
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Monosodium urate crystals will initiate, increase and maintain a strong inflammatory 

response as shown in Figure 2.4. Patients with intra-articular depositions of MSU crystals 

develop an acute inflammatory response which leads to acute gout flares. The latter is 

caused by MSU crystals’ interaction with resident macrophages, which in turn causes the 

formation and activation of the NLRP3 inflammasome (as shown in Figure 2.4) (Martinon et 

al., 2006). This process is enhanced by a microtubule-driven spatial co-localisation with 

mitochondria and involves α-tubulin acetylation (Misawa et al., 2013). Caspase 1 (blue oval 

in Figure 2.4) is recruited by the inflammasome and processes pro-interleukin 1β into 

mature interleukin 1β (Martinon et al., 2006). Production of interleukin 1β also necessitates 

the presence of another signal besides the presence of MSU crystals, such as long-chain free 

fatty acids (Joosten et al., 2010).   

This inflammatory response is enhanced by the activation of neutrophils and mast cells, 

causing the release of a host pro-inflammatory cytokine, chemokines, reactive oxygen 

species, prostaglandin E2 and lysosomal enzymes (Cronstein and Sunkureddi, 2013). The 

resolution phase of acute gouty inflammation is mediated by the introduction of anti-

inflammatory cytokines, lipid mediators and aggregated neutrophil extracellular trap 

structures (bottom left of Figure 2.4) (Schauer et al., 2014). The tophi formed in gout is an 

organized chronic inflammatory granulomatous response to MSU crystals with the 

involvement of the innate and adaptive immune cells (Dalbeth et al., 2010). Aggregated 

neutrophil extracellular traps might also have a role in tophus formation by organizing MSU 

crystals in a non-inflammatory state and developing the crystals’ core (Schauer et al., 2014). 

Infiltration of tophi in bones and joint then cause bone erosion and joint damage in gout 

(Dalbeth et al., 2009). Urate concentrations vary according to inheritance and 

environmental factors (Richette & Bardin, 2010). Deposition of crystals will be seen in joints, 

soft tissues and kidneys which ultimately manifests as arthritis, tophi, urate nephropathy 

and nephrolithiasis. Numerous factors contribute to deposition of crystals such as decreased 

body temperatures, variations in pH level and the degree of articular dehydration (Tausche 

et al, 2009). 

Factors affecting the solubility of uric acid in joints are the synovial fluid pH, synovial 

components such as proteoglycans and collagen, water concentration and electrolytes level. 
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A level of SUA is achieved by the balance between its production and its excretion by the 

kidneys and gastrointestinal tract (GIT). SUA production comprises of diet purine intake and 

endogenous production by cellullar turnover. 10% of gout cases can be attributed to 

increased SUA, while 90% of cases are caused by its renal under-excretion (Mandal & 

Mount, 2015). Serum uric acid (SUA) level is affected by age and gender. SUA is normally 

low in children, starts to increase and reaches normal levels during puberty. Men usually 

show higher SUA levels compared to women, but post-menopausal women can reach men’s 

SUA level too. This shows the reason behind gout being a disease for middle-aged, elderly 

patients and post-menopausal women. Gout occurring in children and young adults are due 

to rare inborn errors in their purine metabolism. Enzymatic defects in the latter cause an 

increase in SUA levels, followed by consequent UA crystals production in kidneys and joints 

(Kamei et al, 2014). 
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Figure 2-4 Pathway for the progression of hyperuricaemia to tophaceous gout, along with its 

depicted inflammation response (Dalbeth et al., 2016). 
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2.1.3.2 Overproduction of uric acid 

 

Overproduction of UA in the purine metabolism is usually caused by a deficiency in 

enzymes. Lesch-Nyhan syndrome is caused by a lack of a specific enzyme in UA metabolism, 

known as hypoxanthine–guanine phosphoribosyltransferase. The latter is an inborn error of 

metabolism and a genetic X-linked recessive disorder, which can vary in severity based on 

specific mutations. Neurological abnormalities are seen in this disease, such as chorea, self-

mutilation, dystonia, cognitive dysfunction, articular manifestations and compulsive 

injurious behavior. In absence of any treatment, patients may develop tophi, renal stones 

and renal failure (Torres & Puig, 2007). In youngsters, the enzyme phosphoribosyl 

pyrophosphate synthetase is known to be superactive and thus causes gout. The latter is an 

X-linked dominant inherited disorder with two clinical forms, namely, a severe early onset 

form in children and an early adult onset form. Neurological abnormalities are seen again, 

with hypotonia, sensorineural hearing loss and severe ataxia. A mild form of this disease 

presents itself as arthritis and UA renal stones. The two enzymatic disorders listed above 

make up less than 10% of UA overproduction cases (Reginato & Olsen, 2007). 

Overproduction of UA is often related to a patient's diet or dietary purine, as shown in 

Figure 2.3. The easiest way of increasing UA precursors in the body is the ingestion of purine 

rich food, be it cooked or processed, from animal or seafood origin. Another important risk 

factor for gout is alcohol consumption, especially beer intake. Detailed explanation for 

specific dietary intakes linked to a higher risk of gout will be given in the following section 

(Kanbara & Seyama, 2011; Towiwat & Li, 2015).  
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2.1.3.3 Endogenous urate production 

 

An increase in endogenous UA production is seen in cases of accelerated cellular turnover, 

such as in malignancies, inflammatory and heamatological diseases, as depicted in Figure 

2.4. Chemotherapy and tissue damage are other instances of increased purine production. 

UA production is enhanced by an increase in weight, obesity and leptin, which all contribute 

in elevating the risk of hyperuricaemia. Thus patients can exercise and lose weight in order 

to reduce SUA levels and gout risk (Bedir et al, 2003; Dessein et al, 2000; Emmerson, 1998; 

Mahmoud et al, 1998). 

 

2.1.3.4 Declined uric acid excretion  

 

The kidneys are responsible for the bulk of urate excretion, while the GIT excretes one third 

of the remaining urate in our bodies. In cases where the transporter ABCG2 has a lower 

secretory function, the amount of UA excreted through the GIT decreases, thus leading to a 

rise in body SUA levels and a boost in urate renal elimination (Ichida et al., 2012; Mandal & 

Mount, 2015). Specific membrane transporters are needed to carry the insoluble UA crystals 

through cell membranes. The main type of transporters are, the urate transporter/channel 

(mainly URAT1) and the organic anion transporters (OAT1 and OAT3) (Enomoto & Endou, 

2005; Mandal & Mount, 2015). URAT1 activity can be decreased by using uricosuric drugs, 

such as probenecid, benzbromarone and sulfinpyrazone, which in turn causes a decrease in 

UA reabsorption in the proximal tubules. Other drugs such as pyrazinamide, lactate and 

nicotinate, work by increasing urate reabsorption via URAT1 and increasing glomerular 

filtration and tubular reabsorption of UA, thus preventing any loss of UA in urine( Cho et al., 

2015; Tan et al., 2016). A dose-based response is also seen on URAT1's activity with other 

substances, where it can be inhibited or potentiated. Aspirin is one example, where a high 

dose has a uricosuric and cis-inhibition effect by blocking URAT1's action. The opposite 

occurs with a low aspirin dose having an anti-uricosuric and trans-stimulation effect on 

URAT1 (Tan et al., 2016). Some autosomal dominant disorders are also associated with a 

reduction in UA renal excretion. One example is mutations in the gene uromodulin, which 

usually expressed in the loop of henle and regulates water permeability. Mutations in the 
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latter results in a reduction in fractional excretion of UA and a following increase in SUA 

level (Han et al., 2013). 

 

2.1.3.5 Genes governing uric acid regulation 

 

The SLC22A12 gene, encoding URAT1 transporters on the renal tubules, is involved in UA 

excretion regulation. SLC2A9 encodes for a specific transporter protein present on renal 

tubules and regulates UA excretion. Both genes can have polymorphisms and reduce the 

level of UA excretion, thus increasing SUA levels. Other genes identified are the ABCG2 

transporter gene in the kidney and GIT, two membrane transporters in the kidney (SLC17A1 

& SLC17A3), SLC22A11, Carmil (LRRC16A), the glucokinase regulatory protein (GCKR) and 

PDZ domain containing 1 (PDZK1) genes (Kolz et al, 2009; Phipps-Green et al, 2016).  
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2.1.4 Clinical manifestation of gout 

 

2.1.4.1 Introduction  

 

Gout can manifest itself at varying degrees and stages. It is imperative to understand the 

different types of gout for proper clinical diagnosis and subsequent treatment. It usually 

starts with asymptomatic hyperuricaemia, followed by acute gout, an intercritical stage and 

chronic gout. Figure 2.5 below shows an overall picture of the parallel clinical manifestation 

stages of gout, along with the disease progression and risk factors linked to the disease's 

deterioration. On the appearance of hyperuricaemia, deposits of MSU crystal manifest in 

joints and the consequent gout flares, along with chronic and tophaceous gout are seen in 

patients. The main determining stages for this disease are the start of hyperuricaemia and 

MSU crystal deposits, which are unfortunately asymptomatic and can be exacerbated by 

numerous risk factors. The key element in gout treatment and management is the proper 

and timely detection of these two aforementioned stages. The different stages of disease 

progression are broken down and explained, followed by detection and diagnosis in 

following sections (Campion et al, 1987; Dalbeth et al, 2019). 
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Figure 2-5 Clinical manifestations of gout are shown, along with the different stages of the 

disease and the risk factors involved. Normouricaemia progresses to hyperuricaemia, 

followed by MSU crystal deposition, which in turn leads to gout flares, chronic gouty 

arthritis and tophaceous gout (Dalbeth et al, 2019). 
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2.1.4.2 Types of gout 

 

2.1.4.2.1 Asymptomatic hyperuricaemia 

 

Asymptomatic hyperuricaemia is the first disease stage to occur, out of the four different 

stages of gout. This stage is usually suddenly discovered while checking a patient's SUA level 

as no other signs or symptoms are present. In some cases, hyperuricaemia alone can cause 

a sudden, acute gouty attack.  

 

2.1.4.2.2 Acute gouty attack 

 

An acute attack is often monoarthritic and peaks after a few hours and goes to inflame 

joints with numerous signs of inflammation (Roddy, 2011). A maximum level of 

inflammation will be reached within 4 to 12 hours after the onset of the gout attack and this 

response will decrease and fade, even in the absence of treatment. The Ministry of Health in 

Malaysia (MOH) gathers data regularly in order to improve the management of gout in 

patients. Studies across hospitals show that gout attacks last an average of 2-3 weeks, with 

a complete resolution of inflammation. 60% of patients experience a second attack in the 

first year and 78% have a second attack in the second year. A small number of patients do 

not have any recurrence in around 10 years, amounting to around 7% (Malaysia Ministry of 

Health, 2008). 

The first attack of gouty arthritis usually occurs in the small joints of the lower limb, 

particularly the metatarsophalangeal (MTP) joint, also known as podagra, shown in Figure 

2.6 A. The affected joints will experience pain, hotness, tenderness, swelling, redness and 

loss of function. The knees and ankles are categorized as larger joints and usually do not 

show any skin signs and symptoms, but swelling and pain in those locations are very intense. 

Other usually affected areas are the tarsal and metatarsal joints, wrists, 

metacarpophalangeal joints (MCP) and the interphalangeal joints in the hands (shown in 

Figure 2.6 B), while the rarely involved areas are the hip, shoulder and spinal cord. Soft 

tissue inflammation is also possible and includes olecranon bursitis and Achilles tendonitis 

(Roddy, 2011). Untreated gout and postmenopausal women commonly experience the 
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involvement of more than one joint simultaneously. In cases where constitutional symptoms 

are present, such as malaise, fever and headache, it is treated and managed as septic 

arthritis, until proven otherwise (Perez-Ruiz et al, 2014).  

 

Figure 2-6 Figure A depicts the deposition of uric acid crystal in the metatarsophalangeal 

(MTP) joint, also called podagra. Figure B shows the tophi formed in the right big toe and 

the finger interphalangeal joints in a gout patient (Roddy, 2011). 
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2.1.4.2.3 Intercritical period 

 

An acute gout attack will usually settle down and enter a remission phase within hours or 

days after use of drugs, such as NSAIDs or colchicine. This stage usually does not show any 

symptoms, but can be interrupted by new attacks in the absence of proper treatment and 

management of hyperuricaemia. The intercritical period can be lengthened successfully 

after the first attack but in the opposite case, attacks will become more frequent and severe 

(Pascual et al, 1999). 

 

2.1.4.2.4 Chronic tophaceous gout 

 

Untreated cases leads to joints' destruction, along with formation of palpable tophi. 

Accumulated uric acid will crystalize and accumulate in large amounts in joints to form a 

tophus in chronic untreated gout. Tophi appear like white chalky deposit macroscopically 

and may cause bony erosions when it reaches the bone. These tophi can be located even in 

the joints of ears and subcutaneous tissue and skin. The apparition of tophi themselves is a 

sign of uncontrolled and chronic gout. Tophi need to be differentiated from other nodules 

seen in rheumatoid arthritis, Bouchard's, lipomas and osteoarthritic Heberden's nodes. 

(Chhana & Dalbeth, 2015) 

Tophaceous gout is more likely to appear in patients with polyarticular presentation, SUA 

levels more than 9 mg/d and in younger patients at 40 years or less. More severe cases of 

gout may show presence of chronic joint symptoms linked to joint damage or with apparent 

tophi.The clinical diagnosis of gout depends on the confirmation by a patient’s medical 

history, a physical examination, laboratory tests and other tests. (Zhang et al, 2006) 
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2.1.4.2.5 Gout presentation in elderly patients 

 

The average age of onset for gout in elderly patients is more than 65 years, compared to a 

disease peak around mid forties for the younger population. A larger number of men are 

affected compared to women in the younger population, but this distribution changes for 

the elderly. Older men and women are equally affected by gout but women above 80 years 

old have a higher frequency of the disease. Gout presents itself as acute monoarthritis in 

younger patients, with the lower extremities affected and 60% of those cases affecting 

podagra. However, with age, this changes to more polyarticular involvement, with the upper 

and smaller extremities' involvement, specially the fingers. Polyarticular gout mimics 

rheumatoid arthritis where symmetrical small joints are involved and tophi show up on 

extensor tendon surfaces. Differentiating these two diseases gets more confusing due to 

low rheumatoid factors in both. Thus, synovial fluid analysis is imperative to remove any any 

confusion. Older patients develop tophi faster during the early stages of gout and in atypical 

locations, whereas tophi only show up after years of attacks in younger patients, especially 

in the elbows. Moreover, a higher association of gout to renal diseases, renal insufficiency 

and diuretic use is observed in the elderly. Youngsters show a greater association to obesity, 

hyperlipidaemia, hypertension and heavy alcohol use (Malaysia Ministry of Health, 2008). 
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2.1.5 Diagnosis of gout 

 

2.1.5.1 Clinical diagnosis 

 

Clinical diagnosis of gout is a key factor in treatment and prevention. This comprises of 

correctly identifying the type of gout a patient has via the different steps and stages of 

diagnosis methods available. Clinical diagnosis includes the physical examination by doctors 

and other more specific and sensitive methods like microscopic diagnosis of crystals, 

radiography and blood tests (Malik et al, 2009). In certain cases of atypical presentation of 

gout, for example in unconventional joint distribution and when multiple joints are affected, 

monosodium urate crystals (MSU) crystal identification is crucial for correct differentiation. 

The standard resulting diagnosis for gout is usually elevated SUA levels and common joints 

involved, such as podagra (Zhang et al, 2006). Formation of tophi, present more in late gout 

stages, are definitive gout indicators, especially when other types of nodules have been 

ruled out of the diagnosis (Atdjian & Fernandez-Madrid, 1981).  

 

The European League Against Rheumatism (EULAR) put together an updated set of 8 

recommendations for diagnosis of gout, which was honed and improved after several 

decades, shown in Figure 2.7 (Richette et al, 2020). EULAR states that the first key factor in 

identifying gout is to show the presence of MSU crystals in the synovial fluid or tophus 

aspirates and that hyperuricaemia alone isn’t enough for diagnosis. In cases of acute 

arthritis or undiagnosed inflammatory arthritis, gout should not be ruled out as the cause 

and further investigations to prove the latter must be done. Imaging techniques are 

recommended in the absence of any other MSU crystal identification techniques as shown 

in recommendation five and six in Figure 2.6. The last two recommendations emphasizes on 

the importance of thoroughly investigating the numerous risk factors and comorbidities 

linked to gout. Physicians can use these recommendations to guide them for a proper and 

efficient gout diagnosis in patients (Richette et al, 2020). 
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Figure 2-7 Flowchart depicting the right main recommendations for diagnosis of gout. 

Adapted from EULAR 2019 recommendations (Dincer et al, 2002; Richette et al, 2020). 

1

• Demonstration of MSU crystals, in synovial fluid or tophus aspirates,  
allows a definitive diagnosis of gout.

2

• Gout should be considered in the diagnosis of any acute arthritis in an 
adult. When synovial fluid analysis is not feasible, a clinical diagnosis of 

gout must be supported by other known suggestive features of gout.

3

• Any undiagnosed inflammatory arthritis case must undergo synovial fluid 
aspiration and examination for MSU crystals.

4

• The diagnosis of gout should not be made on the presence of 
hyperuricaemia alone.

5

• Imaging techniques must be used for confirmation of MSU crystal deposits 
in the absence of clear gout clinical diagnosis and other crystal 

identification methods.

6

• Ultrasound scanning can be used to detect tophi or a double contour sign 
on cartilage. Plain radiographs are useful in identifying MSU crystal 

deposits.

7

• Risk factors for chronic hyperuricaemia should be searched in all gout 
patients, specifically: chronic kidney disease; overweight, medications; 

consumption of excess alcohol, non-diet sodas, meat and shellfish

8

• Comorbidities in gout patients must be assessed, including obesity, renal 
impairment, hypertension, ischaemic heart disease, heart failure, diabetes 

and dyslipidaemia.
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2.1.5.2 Types of diagnosis  

 

2.1.5.2.1 Laboratory diagnosis  

 

Non-rheumatologists have a common misconception of diagnosing gout based on 

hyperuricaemia alone. However the latter is asymptomatic and does not give a definitive 

gout diagnosis. Only 0.09% patients with SUA levels in between 7-7.9 mg/dL wil develop 

gout yearly, further supporting this claim. Patients with SUA levels of 8-8.9 mg/dL may have 

a 0.4% chance of developing gout, while those with SUA level above 9 mg/dL have a 0.5% 

chance of probably getting gout (Dincer et al, 2002). Even though hyperuricaemia is a 

hallmark of gout, SUA levels are known to drop to normal levels during a gouty attack, 

hence further showing how hyperurceamia is a weak marker for diagnosis (Bădulescu et al, 

2014).  

 

The gold standard for gout diagnosis is MSU crystal identification in synovial fluid aspirate by 

using the polarized light microscopy method, with better yields by using a compensator. A 

standard light microscope can also be used to single out MSU crystals and differentiate 

them from calcium pyrophosphate dehydrate (CPPD) crystals, as shown in Figure 2.8 below. 

MSU crystals are conveniently found in all different stages of gout, be it in gout attacks, the 

intercritical period or in the chronic stage (Underwood, 2006). Baseline investigations 

commonly done in Malaysian hospitals are a full differential blood count, serum creatinine 

level, blood glucose level, serum urate level, fasting lipid profile, urinalysis and in certain 

cases a 24 hour urinary excretion investigation (Malaysia Ministry of Health, 2008). Samples 

need to be analysed within 6 hours or within 24 hours when kept refrigerated, in order to 

prevent cellular dissolution and crystal disappearance (Pascual et al, 1989). Synovial fluid 

analysis also includes leukocyte count, culture, chemistry and sensitivity (Strasinger & Di 

Lorenzo, 2014). The uric acid level analysis in urine helps to assess the etiology of 

hyperuricaemia. Uric acid levels more than 800 mg/24 hour shows an increased UA 

production and a higher excretion level of UA (Kramer & Curhan, 2002). 
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Figure 2-8 Detection of MSU crystals in the synovial fluid of a gout patient, by using light 

microscopy (polarized light) and a first-order compensating filter. Black arrows show the 

presence of large, bright needle-shaped MSU crystals, while white arrows show presence of 

brick-shaped calcium pyrophosphate dihydrate crystals. (Dalbeth et al, 2019) 

 

 

2.1.5.2.2 Imaging for diagnosis and assessment (G5) 

 

Ultrasonography (US) and Dual-Energy CT (DECT) are used to detect MSU crystals, evaluate 

symptoms and check atypical clinical manifestations (Filippucci et al, 2013; Reuss-Borst et al, 

2014). Ultrasonography shows a double-contour sign, indicating MSU crystal deposition in 

hyaline cartilage, and tophi presence as shown in Figure 2.9 below (Taylor et al, 2015). US 

can detect crystal deposition, joint effusion, synovitis, differentiate between active and 

inactive synovitis, study cartilage, tendons, bony erosions and monitor disease evolution 

(shown in Figure 2.9 below)(Nestorova & Fodor, 2015). 
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Figure 2-9 The three examples of ultrasonography shown are (a) Intra-articular tophus in 

MTP joint, (b) double contour sign in the hyaline cartilage and (c) synovial 

effusion/hyperthrophy and crystal formation (indicated by 2 red arrows) in the tendon 

(Ragab et al, 2017). 

 

DECT, a new imaging technique, allows the differentiation of deposits based on their 

different X-ray spectra, as shown in Figure 2.10 below. Here, attenuation of tissues depends 

on their atomic number, density and photon beam energy. It is better than all other 

available imaging techniques in its ability to identify urate deposition in imaged areas 

(Omoumi et al, 2015b). DECT provides a rapid, non-invasive method to visualize MSU 

crystals, change in soft tissue and early onset erosions. DECT has a high accuracy for MSU 
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crystal detection in joints, ligaments, tendons and soft tissues, with an added high specificity 

of sub-clinical gout identification (McQueen et al, 2011). However DECT cannot detect 

crystal deposit on cartilage surfaces, a feat which US can detect (Huppertz et al, 2014). 

Moreover, US is more sensitive and has a high positive predictive value for early disease 

diagnosis, when the crystal deposition level is low (Wang et al, 2018). Both methods are 

used to monitor the MSU deposit level and the response to urate lowering therapy. Plain 

radiographs cannot show erosions, bone and joint changes until late stages of gout (Taylor 

et al, 2015). 

 

 

Figure 2-10 DECT showing two view points for MSU deposits (red deposits) in the tendon of 

a gout patient. (Ragab et al, 2017) 
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MRI and CT can mostly identify tophi presence and are used to assess soft tissue and bone 

involvement in gout and it's comorbidities. Conventional CT (CCT) has good resolution and 

high contrast and is the best technique for identifying crystal arthropathies (Omoumi et al, 

2016). However, CCT is not appropriate for use in acute gout diagnosis as it cannot detect 

synovitis, inflammation, tenosynovitis and osteitis. In chronic gout, CCT detects erosions 

better than Magnetic Resonance Imaging (MRI) and it detects tophi better than both US and 

MRI (Dalbeth et al, 2009; Gerster et al, 2002; McQueen et al, 2011). CCT can monitor 

disease burden and response seen to specific therapies, but with an added disadvantage of 

radiation exposure (Dalbeth et al, 2007; Omoumi et al, 2015a; Omoumi et al, 2015c). MRI 

shows numerous features of arthritis, such as synovial thickening, effusion, erosion, 

nonspecific inflammation and tophi presence. However, it has a limited use due to its high 

cost and limited availability (Chowalloor et al, 2014). 

 

 

2.1.6 Risk factors for gout  

 

2.1.6.1 Hyperuricaemia 

 

The main hallmark of MSU formation is hyperuricaemia, which can in turn be heightened by 

several factors and ultimately increase the risk of getting gout. These factors are needed in 

conjunction with hyperuricaemia in order to induce MSU deposition in joints and these are 

called risk factors. Risk factors include hyperuricaemia itself, followed by genetics, age, 

gender, diet, alcohol consumption and lead exposure, which are further detailed below. 

Hyperuricaemia is the most important risk factor for gout. A clear dose response 

relationship was proven between the serum uric acid (SUA) levels and the incidence of gout. 

The Normative Aging study showed that hyperuricaemia alone rendered other risk factors 

null in a Cox regression model (Campion et al, 1987).  

A study in Taiwan, showed a high 5-year cummulative incidence of 18.83% for new gout 

cases in a cohort of asymptomatic hyperuricemic patients. A 32-fold increase in gout risk 

was found in hyperuricemic patients, compared to people with normal SUA levels in 
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Germany. Another 5-year study in France showed an increase in the prevalence of gout 

from 1.3%, 3.2% to 17.6% in patients with SUA levels of <6.0 mg/dl, 6.0–7.9 mg/dl and >8.0 

mg/dl respectively. This linear relationship between hyperuriceamia and risk of gout was 

also seen in the Framingham study (Kuo et al, 2015) 

 

2.1.6.2 Age, gender and socioeconomic factors 

 

Age and gender have always been the first identified risk factors to any type of disease. 

Epidemiological studies have confirmed male patients and older age as risk factors for both 

hyperuricaemia and gout (Arromdee et al, 2002; Mikuls & Saag, 2006). Recent studies found 

a two-fold increase in incidence of gout in men and a positive linear relationship between 

the incidence of gout and age in both genders (Soriano et al, 2011). Women are known to 

have a lower prevalence compared to men at all ages, but this increases exponentially after 

menopause, due to oestrogen's uricosuric action. In a Nurses' Health Study, the risk of gout 

was increased by menopause, but was decreased by using hormone replacement therapy. 

Other socioeconomic factors linked to a higher gout risk are urban locations and less-

privileged and wealthy areas. Two European studies and one Taiwanese study also 

confirmed this lower gout risk in rural residents. A recent CPRD study challenged the notion 

that gout is usually linked to wealth and debauchery and proved higher levels of gout in 

Wales and Northeast England, two lesser-privileged areas (Kuo et al., 2015). Another factor 

linked to the gout risk is the type of occupations of patients, where non-manual jobs had a 

higher risk, compared to professionals (Kuo et al., 2015). 
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2.1.6.3 Genetics 

 

Genetics also play a role in the development of gout, where a distinct prevalence variation 

of gout in different populations and countries point towards a racial and genetic difference. 

This is further demonstrated by the varying prevalence of gout in different populations, 

which can range from 2.6% to 47.2%. SUA levels also attest to this, where levels are similar 

in North American Caucasians and UK population, but has higher prevalence in African 

Americans compared to Caucasian Americans.  Other populations with high gout prevalence 

are Pacific Islanders (including Maoris, Cook Islanders and Micronesians) and aboriginal 

Taiwanese. A Taiwanese nationwide study showed familial aggregation of gout and the 

importance of genetics, with a reported heritability of 35.1% and 17.0% in men and women. 

The interaction between genes and the environment was demonstrated in a study with a 

nine-fold increase in gout risk in migrants in New Zealand, compared to locals (Kuo et al., 

2015). 

 

Rare monogenic disorders were found to cause hyperuricaemia and premature gout, such 

as a deficiency of hypoxanthine‐guanine phosphoribosyl transferase called Lesch‐Nyan 

syndrome, over‐activity of phosphoribosyl‐1‐pyrophosphate synthetase, and hereditary 

renal diseases such as familial hyperuricaemia nephropathy and medullary cystic kidney 

disease. Polymorphism of a gene responsible for urate renal clearance, by the urate 

transporter 1 (URAT‐1), was identified as a cause of hereditary, common gout. Limited 

information and case studies are available on the familial aggregation of gout and needs 

further research (Choi et al., 2010). A 2013 Genome Wide Association Study (GWAS) on 

Europeans identified and replicated 28 loci linked to SUA levels. Only 7% out of the loci were 

known associations for the variance in SUA levels, emphasizing on how much is left 

unresolved in the heritability of hyperuricaemia by scientists. 'Missing heritability' is often 

seen in complex disorders and is based on those unidentified risk factors, rare penetrating 

risk variants and unknown non additive interactions between other genes and 

environmental factors (Kuo et al., 2015). 
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2.1.6.4 Alcohol  consumption 

 

Alcohol intake and gout has been linked by metabolic studies showing that alcohol has a 

hyperuricaemic effect and eventually contributes to the manifestation of the disease. This 

relationship can be seen clearly in men who drink an excessive amount of beer, a beverage 

known to have a higher purine content compared to other alcoholic beverages. 50 g of 

alcohol a day was enough to increase the gout risk by 2.5 times. Moreover, higher levels of 

alcohol consumption were linked with hypertension, diuretic use and an increased meat 

consumption, which in turn, further increase the risk of gout (Choi et al., 2004). 

2.1.6.5 Dietary factors  

 

Dietary factors’ restriction and maintenance is one of the key factors to prevent further 

worsening in the life of gout patients. Gout patients are usually advised by doctors to limit 

their daily intake purine-rich foods such as seafood, high purine content vegetables, meat 

and proteins. However, the extent to which these dietary products must be limited or 

included in a gout patient’s diet is not well defined. By unnecessarily limiting or eradicating 

some of those crucial dietary products, the patient’s health may suffer in other ways 

unrelated to gout. It is vital to define the specific effect of all those dietary factors in gout 

patients. The confounding effect of protein-rich diets on gout is a prime example, where 

even in the presence of high purine levels, excretion of uric acid is promoted and thus 

ultimately decreases the serum uric acid level (Choi et al, 2004). 

Choi et al. concluded a direct relationship between higher seafood and meat consumption 

and an inverse relationship with increased protein and purine-rich vegetables with gout. In 

terms of numbers, an additional daily serving of meat causes a 21% increase in risk of gout, 

whereas an additional weekly serving of seafood caused an increase of 7%. This increase in 

gout risk was seen to be higher in gout patients compared to healthy individuals, as gout 

patients already have a compromised renal urate clearance level where the uric acid level 

cannot be regulated properly. Dairy products, especially low-fat products, demonstrated a 

strong inverse relation with gout incidence. All these associations were independent of any 
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other dietary factors or other gout risk factors such as age, alcohol consumption, 

hypertension or chronic renal failure (Choi et al, 2004). 

A higher intake of vegetable or animal protein is not linked to an increased incidence of 

gout. Choi et al. showed that vegetable protein can have a protective effect in gout, though 

this effect is smaller when compared to dairy proteins. Moreover, uric acid excretion can be 

raised in the presence of high-protein diets, thus contributing to a reduction in uric acid 

level. One study increased the intake of protein in patients and this caused a decrease in the 

number of recurring gout attacks. As such, intake of protein does not increase, but decrease 

gout incidence and cannot be directly linked to their purine levels (Choi et al, 2004).   

 

2.1.7 Treatment of gout 

 

2.1.7.1 Introduction 

 

Several drugs are available for treatment of acute gout attacks, such as colchicine, non-

steroidal anti-inflammatory drugs (NSAIDs), corticosteroids and intramuscular adrenal 

corticotrophin hormone (ACTH). The aim of long-term management is to reduce SUA levels 

below the saturation point of crystals, in order to prevent further MSU crystal accumulation 

and cause existing crystals to dissolve. The general principles of gout management are seen 

in Figure 2.11 below, based on the 2012 American College of Rheumatology (ACR) guidelines 

and the 2016 European League Against Rheumatism (EULAR) guidelines (Dalbeth et al., 

2019). 
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Figure 2-11 General principles of gout management with pharmacological and non-

pharmacological guidelines based on EULAR recommendations (Zhang et al., 2006). 

 

Urate lowering therapies (ULT) are divided into two categories, namely xanthine oxidase 

inhibitors and uricosuric drugs. Allopurinol and febuxostat are mainly used as xanthine 

oxidase inhibitors, while probenecid, benzbromarone and sulphinpyrazone are three 

commonly used uricosuric agents. Initiation of ULT causes frequent acute attacks, due to the 

dissolving of MSU crystals in cartilage which is then redirected towards joint cavities. The 

latter can be decreased in 85% of cases by designing a prophylactic therapy with initial 

regular, low doses of colchicine or NSAIDs.  However, with all the possible drug 

combinations and therapies available, less than 25% of gout patients become free of gout 

attacks (Dalbeth et al., 2019). This suggests that using drugs for gout treatment is not 

enough and that other factors play a big role in gout management. Factors to be limited 

during gout treatment are the intake of alcohol, beverages with fructose, seafood intake, 

etc, as previously mentioned. Other measures to take include, a careful monitoring of body 

1
• Treatment of gout flares: NSAIDs, corticosteroids/colchicine, IL-1 inhibitors

2

• Urate lowering therapy: Proper gout diagnosis required, set a target SUA 
concentration of <0.36 mmol/L (6 mg/dl) and montly SUA level monitoring

3
• Anti-inflammatory prophylaxis: low dose colchicine/NSAIDs (1st line) and 

low dose corticosteroid (2nd line)

4
• Comorbidity screening: Type 2 DM, cardiovascular disease, hypertension, 

hyperlipidaemia, CKD, obesity and obstructive sleep apnea.

5

• Patient and doctors/nurses education on therapy: risk of flares during 
initiation of therapy, action plan for flare management and advice on healthy 
lifestyle.
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weight, adequate exercise, liberal water intake and proper treatment of any other 

comorbidities, such as hypertension, DM and dyslipidaemia.  EULAR proposed a set of 12 

recommendations for treatment of gout, which includes pharmacologic and non-

pharmacologic means, as summarized in Figure 2.12 (Zhang et al., 2006). Patient education, 

lifestyle advice and management of comorbidities were the first recommendations set. 

Allopurinol was labelled as the best first-line urate-lowering treatment, followed by all other 

alternative uricosuric. Effective acute treatment consisted of colchicine/NSAID use and joint 

aspiration with corticosteroid injection. The most crucial aim was to maintain SUA levels 

below 360umol/L. Colchicine and NSAIDs were used as prophylaxis and losartan should 

replace diuretics’ use in hypertension cases. (Zhang et al., 2006).   

Figure 2.12 below shows a flowchart of the EULAR recommendations with all the possible 

case scenarios and decisions to be made by doctors. The first step consists of determining 

SUA level, followed by educating patients about gout, the lifestyle they should have and 

other comorbidities present. Once a proper medical history has been established, 

prophylatic treatment starts with allopurinol use or febuxostat in case of allopurinol allergy. 

In cases where those two drugs are not useful to achieve target SUA, combined therapy and 

pegloticase are used as a last option (Zhang et al., 2006; Ragab et al., 2017). 
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Figure 2-12 Simplified flowchart from the EULAR recommendations for management of 

hyperuricaemia in gout patients (Ragab et al., 2017). 
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2.1.7.2 Urate lowering therapies (ULT) 

 

2.1.7.2.1 Allopurinol 

 

Allopurinol is the first-line, inexpensive urate-decreasing therapy commonly used in gout 

patients. 70 tonnes of allopurinol amounting to 240 million doses were used only in the 

1980s (Lee et al., 2008). Allopurinol is used to treat gout, high levels of uric acid in the body 

caused by certain cancer medications and kidney stones. It is in a class of medications called 

xanthine oxidase inhibitors. It comes as a tablet to take by mouth, usually taken once or 

twice a day, preferably after a meal. The usual treatment plan starts with low dose 

allopurinol and it is gradually increased. The full benefit of allopurinol is usually felt after 

several months, but it may increase the number of gout attacks during the first few months. 

Allopurinol may be given with other medications like colchicine, to prevent gout attacks for 

the first few months. Mild side effects of allopurinol are; upset stomach, diarrhea and 

drowsiness. Some side effects are more serious, such as skin rashes, painful urination, blood 

in urine, irritation of the eyes, swelling of the lips or mouth, fever, sore throat, chills, loss of 

appetite, unexpected weight loss and itching (Lee et al., 2008). 

Allopurinol inhibits xanthine oxidoreductase by its product oxypurinol, thus lowering plasma 

urate levels and increasing levels of substrates hypoxanthine and xanthine. Conversion of 

hypoxanthine to inosine, inosine monophosphate, adenosine and guanine monophosphates 

follows, which in turn leads to feedback inhibition of amidophosphoribosyl transferase and 

ultimately limits purine biosynthesis. The combined effect of allopurinol and oxypurinol is 

decreased urate production which ultimately decreases de novo purine synthesis. The first, 

‘pseudo irreversible’ mechanism of xanthine oxidoreductase inhibition occurs when 

allopurinol acts as the substrate along with a stable reduced enzyme-oxypurinol complex. 

This complex slowly breaks down to release oxypurinol. Oxypurinol itself binds strongly to 

the reduced enzyme in the major and second type of inhibition. Oxypurinol has a longer 

half-life and higher plasma levels than allopurinol, contributing majorly to the latter’s 

hypouricaemic effect (Lee et al., 2008).  The full mechanism of allopurinol’s action can be 

seen in Figure 2.13.  
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Excretion of oxypurinol occurs mainly through the kidney and this decreases in cases of 

renal failure and increases by uricosurics. Dose requirements are increased by a rise in body 

weight and diuretic use. Allopurinol is prescribed at a dose of 300mg/d or less in around 90-

95% gout patients worldwide. However, due to an increase in uricemia and weight in 

patients nowadays, the recommended dose is not enough to reduce the SUA level to its 

target. The maximum dose for this drug is 800-900 mg/d in certain countries and in patients 

with normal renal function (Lee et al., 2008).  Xanthine oxidase inhibitors are used for 

patients with joint damage, tophi or more than two gout cases per annum, after the acute 

gout phase is over. Patients with renal insufficiency are given allopurinol doses based on 

their creatinine clearance level (Lee et al., 2008). Allopurinol is the most commonly available 

drug in Malaysia, with superior efficacy compared to all other drugs (Ministry of Health, 

Malaysia, 2008). Allopurinol shows attractive advantages such as rapid lowering of serum 

urate levels and affordable cost over other drugs such as probenecid and febuxostat. 

However, 2-5% of patients taking allopurinol will show Severe Cutaneous Adverse Reactions 

(SCARs) which is the main factor limiting allopurinol’s efficacious use in such cases. Patients 

should be warned that SCARs may manifest suddenly, in the first few weeks of treatment 

and that they should immediately stop taking the drug and visit their doctor as soon as 

possible (Lee et al., 2008). 
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Figure 2-13 The mechanism of action of allopurinol is depicted here, where it inhibits 

xanthine oxidase action as seen by the back T symbol. Barred lines shows where inhibition is 

taking place and arrows shows activation or consequences. Adapted from American Society 

of Haematology, 2015. 

 

2.1.7.2.2 Febuxostat  

 

Febuxostat, a xanthine oxidase inhibitor, is usually given orally, once a day, and proves to be 

more potent at a dose of 80-120 mg/d compared to 300 mg/d allopurinol. With its mixed 

renal and hepatic metabolism, it can be prescribed even in patients with moderate renal 

failure and creatinine clearance below 30 mL/min. This drug undergoes hepatic metabolism, 

where conjugation happens by uridine diphosphate-glucuronosyltransferase enzymes. 

Oxidation is carried out by CYP1A2, CYP2C8 and CYP2C9 to form active metabolites and 
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finally excretion happens via the kidneys (Lee et al., 2008). Febuxostat is usually used as an 

alternative drug in Malaysian hospitals, for patients who cannot tolerate allopurinol and 

probenecid. These two drugs have always been used as first-line treatment for gout 

treatment and febuxostat was only introduced in 2009 as an alternative (Ministry of Health, 

Malaysia, 2009). The American College of Rheumatology (ACR) recommendes febuxostat as 

a first line ULD , while EULAR recommends it only for patients intolerant or refractory to 

allopurinol. Dose titration is again recommended here for ULD-induced flares, but without 

any proper evidence that tolerance to febuxostat increases subsequently (Zhang et al., 

2006). 

  

2.1.7.2.3 Uricosurics 

 

This set of drugs lower the SUA level by increasing the uric acid excreted in urine, but has a 

disadvantage of increasing the risk of uric acid stone at the start of treatment. Uricosurics 

include probenecid, sulfinpyrazone, benzbromarone, lesinurad and fenofibrate. These drugs 

are not administered as monotherapy in patients with previous history of UA stones or 

hyperuricuria.  

 

2.1.7.2.4 Colchicine 

 

Colchicine is used as an alternative drug for patients who cannot take NSAIDs and COX-2 

inhibitors. This drug works by inhibiting numerous pro-inflammatory mechanisms and also 

elevates the level of anti-inflammatory mediators.  1.8 mg of colchicine is taken within 12 

hours after flare onset and shows effectiveness as good as the initial higher doses 

recommended. However, this drug is not so efficient when administered long after the flare 

onset. Thus colchicine is only used within 12-24 hours of flare onset, according to the EULAR 

and ACR. Moreover, this drug has a narrow toxicity window, with several side effects such as 

gastrointestinal intolerance, neutropenia, multi-organ failure and eventual death. Colchicine 

is contra-indicated in patients with renal failure, renal insufficiency, hepatic failure, CKD 

stage 5 patients and is poorly tolerated in elderly patients (Ragaab et al., 2017). 
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2.1.7.2.5 NSAIDs  

 

Potent NSAIDs are the first-line treatment of for acute gouty arthritis and the underlying 

inflammation and pain. This group of drugs can rapidly decrease pain and inflammation in 

acute gout cases, specially when the drugs are taken right after the attack starts and in 

proper, full doses. NSAIDs are used frequently at their maximum dose, together with proton 

inhibitors. Examples of NSAIDs used are diclofenac, indomethacin and ketoprofen, while 

aspirin is avoided as it causes urate retention (Ragaab et al., 2017). 

 

2.1.7.2.6 Steroids  

 

This set of drugs are best used when patients cannot use NSAIDs or colchicine, for example, 

in CKD patients. Steroids work by suppressing the immune system and decreasing 

inflammation in gout patients. Intra-articular steroid injections are very effective for the 

management of mono or pauci-articular flares, as recommended by the ACR and EULAR. 

However, steroids are contra-indicated in patients with hypertension and diabetes as it can 

worsen these conditions. Prednisone, considered as first-line therapy for flares, is effective 

when administered orally, at a dose of 30 mg/d for 7 days. Prednisone is metabolized in the 

liver to its active form, prednisolone, a glucocorticoid agonist corticosteroid (Ragaab et al., 

2017). 

 

2.1.7.2.7 IL-1 blockers  

 

The ACR and EULAR recommended IL-1 blockers in patients with frequent flares and who 

are contraindicated for NSAIDs, colchicine and steroids. This set of drugs will regulate the 

immune system and inflammation in patients. MSU crystals can directly activate the NLRP3 

inflammasome, a key regulator of the pro-inflammatory cytokine interleukin-1β, thus this 

set of drug focuses on IL-1 blockade. Anakinra, an IL-1 receptor anatagonist, and 

canakinumab, a long-lasting antibody to IL-1 beta are two examples of drugs tested in trials, 

both with different mechanism of action. (Ragaab et al., 2017). 
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2.2 Severe Cutaneous Adverse Reactions (SCARs) 

 

2.2.1 Introduction  

Adverse drug reactions (ADRs) are the leading causes of morbidity and mortality worldwide. 

According to the World Health Organization (WHO), “an ADR is a response to a drug which is 

noxious and unintended, and which occurs at doses normally used or tested in man for the 

prophylaxis, diagnosis, or therapy of disease, or for the modification of physiological 

function”. ADRs causes millions of deaths yearly and has a medical cost of billions of dollars. 

Populations (Bharadwaj et al., 2012). ADRs was classified into 2 types, Type A ADRs and the 

idiosyncratic, Type B ADRs.  Type A reactions account for more than 80% of all ADR cases 

and are caused by overdosage the drug’s pharmacological action. Type B consist of 20% of 

the unpredictable ADR reactions, which are either immune-mediated or non-immune 

related. Immune-mediated reactions were classified into 4 different subtypes as shown in 

Figure 2.16 below (Bharadwaj et al., 2012). 

IgE-mediated and delayed hypersensitivities are the most common out of the 4 different 

subtypes. One-fifth of all ADRs are cutaneous ADRs, making upto 2-3% of hospitalized cases. 

SCARs form part of Type 4 delayed T-cell mediated reactions, as shown in Figure 2.16 below, 

and accounts for around 2% of all cutaneous reactions ADRs. Stevens-Johnson syndrome 

(SJS), toxic epidermal necrolysis (TEN) and drug rash with eosinophillia and systemic 

symptoms (DRESS) all form part of SCARs' clinical spectrum. Life-threatening SCARs develops 

in 0.1-0.4% of patients taking allopurinol, but results into a great disease burden worldwide 

(McDonagh et al., 2014). SCARs are known to have a high mortality rate (10-50%), high 

morbidity rate (60%), along with numerous complications and high global economic burden. 

Numerous risk factors are related to SCARs and can be summarized into two groups, namely 

drug user-related or drug-related. Drug user-related factors include age, sex, genetics, 

comorbidity and previous exposure, while drug-related factors only are the nature of the 

drug, cross-reactivity, exposure degree and route of administration. Out of all those factors, 

genetic factors are the most important, as shown in carbamazepine, abacavir and 

allopurinol-induced  SCARs (McDonagh et al., 2014). 
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Figure 2-14 Classification of ADRs into Type A and Type B and further into immune-mediated and non-immune-
mediated reactions. SCARs such as SJS/TEN, HSS/DRESS and AGEP are found in the Type 4: Delayed T-cell-
mediated reaction box on the top right corner (Bharadwaj et al., 2012). 
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2.2.2 Classification of SCARs 

 

SCARs have some overlapping characteristics which makes it difficult to distinguish them 

apart properly. Key features that need to be taken into consideration are systemic and 

cutaneous involvement, latency periods, histological and laboratory characteristics and 

differential diagnosis generated. The different SCARs will be discussed and presented in the 

following subsections (Bharadwaj et al., 2012). 

 

2.2.2.1 Exanthematous drug eruption 

 

The most common type of drug hypersensitivity reaction is exanthematous drug eruption, 

also called morbilliform or maculopapular drug eruption. The latter are characterized by 

symmetrical erythematous macules and papules, which can be generalized and confluent 

and appear within a week on the initiation of drug treatment. In severe forms, the mucosae 

(oral, conjunctival, nasal, or anogenital) and skin appendages (hair and nails) may be 

involved. Other features of exanthematous drug eruptions are pruritus, mild eosinophilia 

and mild fever. All of these features are usually self-limiting, but without proper care, these 

may also progress to cause SJS/TEN and DRESS (Bharadwaj et al., 2012). 

 

2.2.2.2 Stevens Johnsons Syndrome (SJS) and Toxic Epidermal Necrolysis (TEN) 

 

SJS and TEN are severe systemic disorders whereby cellular apoptosis causes mucous 

membrane erosions and severe detachment of the epidermis, accompanied by 

constitutional symptoms. SJS and TEN are the 2 most fatal cutaneous ADRs in the hospital, 

accounting for 10-50% mortality rate. SJS and TEN have a high mortality rate of 5-10% and 

30-40% respectively (Bharadwaj et al., 2012). Age, degree of skin involvement and serum 

urate concentration determines the prognosis of SJS and TEN. TEN is characterized by 

extensive, drug-related, skin damage of more than 30%, mortality rates of 30-40% and an 

incidence of 0.4-2.0 cases/million person-years. SJS is the result of drug action, infections 
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and a combination of both of those factors, with an incidence of 1-6 cases/million person-

years. These figures might seem infrequent and small, but these conditions kill and disable 

healthy patients rapidly and is accompanied by an increasing economic and medical impact 

nowadays (Bharadwaj et al., 2012). More than hundreds of drugs have been linked to SJS 

and TEN, where the most dangerous are sulphonamides, allopurinol and anticonvulsant 

drugs. Large case studies have shown that allopurinol is a worrying frequent cause of SJS 

and TEN due to its long administration periods and its strong genetic association. A better 

knowledge on the causes of these fatal disease will pave the way for better medical therapy 

and decisions which will ultimately lead to decreased morbidity and mortality worldwide 

(Bharadwaj et al., 2012). 

 SJS and TEN are characterised by significant keratinocyte apoptosis in the dermis which 

detaches from the epidermis, followed by epidermal necrosis and mucocutaneous shedding. 

SJS and TEN are also accompanied by myocardial infarction, fever, gastrointestinal 

problems, hepatitis, respiratory and renal failure (Chung et al., 2008).  The first symptoms of 

SJS/TEN appear after a few days and within 4 weeks of exposure to a specific drug. Early 

symptoms include fever (above 38°C), sore throat and ocular problems. This progresses to 

mucous membrane involvement and appearance of skin lesions, which gradually spreads 

everywhere. Lesions in the mucous membrane are known as blisters, erosions and erythema 

which target the eyes, oropharynx, nasopharynx, anus and genitalia (shown in Figure 2.17 

below) (Chung et al., 2008). 
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Figure 2-15(a) Patient with dusky red confluent macular lesions, along with tense bullae and 

large areas of dermoepidermal detachment (shown by asterisk). Figure 1 (b) shows the 

typical distribution of skin and mucous membrane lesions in SJS/TEN. Figure 1 (c) shows 

overt mucous membrane involvement and moderate skin detachment with crusts in an SJS 

case (Chung et al., 2008). 

 

SJS is a minor form of TEN, where detachment of body surface area (BSA) is less than 10%, 

while in TEN, BSA detachment is more than 30%. An overlapping phenotype of SJS and TEN 

is defined by BSA detachment in between 10-30%, as shown in Table 2.3 below. The acute 

phase of SJS/TEN involves failure of internal organs and results into hepatic injury, epithelial 

necrosis of the digestive/respiratory tract and kidney impairment. Internal organ failure is 

caused by loss of the skin barrier, infection due to leukopenia and disturbances of 

electrolytes and fluids linked to blisters (Chung et al., 2008). It is imperative to classify and 

distinguish all the specific clinical features for SJS, SJS/TEN overlap and TEN, to properly 

administer required treatment and care. The latter can be distinguished by their primary 

lesions, distribution on the body, mucosal involvement, systemic symptoms and their 

percentage of body surface area detached, as shown in Table 2.3 below. 
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Table 2-3 Detailed clinical features to distinguish SJS, SJS/TEN overlap and TEN. Plus (+) sign 

indicates strength of confluence, where + is lower than ++ (Chung et al., 2008). 

Clinical entity SJS SJS/TEN overlap TEN 

Primary lesions Dusky red lesions  

Flat atypical 

targets 

Dusky red lesions  

Flat atypical targets 

Poorly delineated  

erythematous plaques 

Epidermal detachment  

Dusky red lesions 

Flat atypical targets 

Distribution Isolated lesions 

Confluence (+) on 

the face and trunk 

Isolated lesions 

Confluence (++) on the 

face and trunk 

Isolated lesions (rare) 

Confluence (+++) on the 

face, trunk and elsewhere 

Mucosal 

involvement 

Yes Yes Yes 

Systemic 

symptoms 

Usually Always Always  

Detachment 

(percentage of 

body surface 

area) 

<10% 10%-30% >30% 
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The SCORE of Toxic Epidermal Necrosis scale (SCORTEN scale) (Bastuji-Garin et al., 2000) is 

used universally to classify and determine the severity of SJS/TEN by using 7 independent 

risk factors, as shown in Table 2.4 below, and estimating the possible mortality rate for a 

patient, shown in Table 2.5 below. This method of classification should be applied in all the 

hospitals for a standardized and accurate SCAR diagnosis nationwide.  

Table 2-4 Seven independent risk factors used to classify SJS/TEN as part of SCORTEN scale. 

The scale of 0 or 1 shown in the last two columns are attributed according to the risk factors 

they fall in (Bastuji-Garin et al., 2000). 

Risk factor  0  1 

Age  < 40 years  > 40 years 

Associated malignancy  no  yes 

Heart rate (beats/min)  <120  >120 

Serum BUN (mg/dL)  <28  >28 

Detached or compromised 

body surface  

<10%  >10% 

Serum bicarbonate (mEq/L)  >20  <20 

Serum glucose (mg/dL)  <252  >252 

 

Table 2-5 Second part of SCORTEN estimation by using Table 1’s initial calculated scores and 

linking it to an estimate of the possible mortality rate in terms of percentage (Bastuji-Garin 

et al., 2000). 

No of risk factors  Mortality rate 

0-1  3.2% 

2  12.1% 

3  35.3% 

4  58.3% 

5 or more  >90%  
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Long term complications, even after recovery, further complicate matters and sometimes 

even require surgery. Adhesion of mucous membranes and narrowing of the digestive and 

respiratory tracts are the most common. Severe ocular problems are also commonly seen, 

such as severe dry eye, symblepharon, trichiasis, corneal conjunctival invasion and vision 

disturbance. The available treatments for SJS/TEN focuses mostly on withdrawing the 

suspected drugs first, then deals with symptomatic and supportive treatment. The crucial 

part lies in identification and withdrawal of the culprit drug and in cases where this is 

delayed, mortality and morbidity rates increase. Symptomatic and supportive care includes 

decreasing pain, skin care methods, restoring fluid balance, giving nutrients and avoiding 

severe complications (Nguyen et al., 2019). 

Immunosuppression is currently being used as the main therapy for SJS-TEN, but often fails 

as secondary infections and complications comes about. Another debatable therapy is 

intravenous immunoglobulin, which was recently shown to decrease the symptoms and 

length of immune reaction. However, there is no treatment that can properly tackle these 

diseases to stop their significant death toll. The only way to fight SJS-TEN urgently is to 

prevent them from happening in the first place and to do this more research needs to be 

done on its genetic link to the HLA-B alleles. As it is said, ‘prevention is better than cure’. 

HLA-B alleles are increasingly being seen in the research and medical world nowadays, 

where it is being used to prevent fatal immune-linked ADR (Nguyen et al., 2019). 
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2.2.2.3 DRESS/HSS  

 

A severe idiosyncratic ADR is hypersensitivity syndrome (HSS) or DRESS, characterized by 

non-bullous skin lesions and involvement of internal organs. Incidence rates for DRESS are 

1/1000 to 1/10000 drug users, along with a mortality rate upto 10%. Drugs frequenlty 

causing DRESS are allopurinol, sulphonamides, aromatic anticonvulsants, dapson and 

minocycline, with allopurinol being the most common. DRESS can be seen in the initial 8 

weeks of allopurinol therapy and may also cause manifestation of eosinophilia, 

lympadenopahty and mononucleosis-like atypical lymphocytosis. Early signs and symptoms 

of DRESS include fever (above 38°C) and rashes. Skin lesions can manifest as 

maculopapular/morbilliform rashes, exfoliative dermatitis and desquamation (shown in 

Figure 2.18) (Tsai & Yeh, 2010).  

DRESS also includes manifestation of fever, hepatitis, facial oedema, nephritis and 

pneumonitis. Infiltration of eosinophils and lymphocytes in tissues ultimately affects internal 

organs, mainly the liver and the kidney. DRESS treatment first involves, removing the culprit 

drug and tageted treatment. Targetted therapy involves use of corticosteroids, intravenous 

immunoglobulin and antiviral agents in necessary cases. Moreover, long-term complications 

are also seen, namely Hashimoto's diesease, Grave's disease, thyroiditis and type 1 diabetes 

(Tsai & Yeh, 2010). 
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Figure 2-16(A) Patient with DRESS showing scaly patch with papules on his forearm and 

Figure 2.16 (B) shows desquamation of his soles with petechiae visible. (Choudhary et al., 

2013) 
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2.2.3 Immunological SCARs mechanisms 

 

The immune mechanisms of SCARs consist of the activation of drug-specific cytotoxic T-cells, 

inflammatory cells and regulatory T-cells (T-Regs), along with the secretion of inflammatory 

cytokines. The first known effector mechanism for epidermal necrolysis in SJS/TEN is the 

appearance of drug-specific cytotoxic cells. The latter's effect is amplified by the huge 

production of death mediators, flawed negative regulation of drug-specific immune 

responses and modified anti-apoptotic pathways in target cells (Chung et al., 2008). 

The pathogenesis of SJS/TEN suggest that they are mediated by the immune system as 

administering the same drug to the same person decreases the disease’s incubation period 

and increases its intensity. It has been shown that drug presentation by the major 

histocompatibility class I (MHCI) causes clonal proliferation of the CD8+ cytotoxic T 

lymphocytes (CTLs), CD56+ NK and NKT cells, which thus causes an immune response. Skin 

lesions of SJS-TEN patients are shown to be permeated by CTLs and Natural Killer (NK) cells. 

However, the extent of keratinocyte death cannot be explained by the infiltration of 

inflammatory cells only in the skin lesions. There are numerous suggested pathways 

involved, i.e, granule-mediated exocytosis, for example granzyme B and perforin, and Fas-

Fas ligand contact. Other studies show the involvement of a high amount of granulysin 

released from CTLs, NK and NKT cells, which causes severe proliferation of keratinocyte 

apoptosis (Chung et al., 2008). 

Granulysin was shown to be the crucial cytotoxic molecule which causes major keratinocyte 

necrosis via the action of cytotoxic or NK-cell-mediated cytotoxicity in the absence of any 

direct cellular contact. Perforin-granzyme B pathway has a minor role, while Fas-Fas ligand 

interaction has no detectable effect. Severity of SJS/TEN increased with an increase in 

granulysin and interleukin 15 concentration, while interleukin 15 was highly correlated with 

mortality (Chung et al., 2008).Receptor-interacting protein kinase 3 (RIPK3) had a high 

expression level in TEN lesions, making the latter an important factor in apoptosis and 

necrosis of keratinocytes. DRESS syndrome is mediated by activated drug-specific T cells in 

skin and internal organs. Human herpes virus 6 (HHV6+) peripheral mononuclear cells are 

recruited to damaged skin, in order to allow virus transmission and replication of CD4+ T 
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cells. Patients with severe DRESS syndrome had a huge number of CD8+ T cells expressing 

granzyme B in their skin samples (Chung et al., 2008). 

In certain cases, viruses are involved in DRESS syndrome, but this was not proved in in-vitro 

studies.  A study showed that patients with DRESS syndrome had tumour-necrosis factor 

(TNF) α and interferon γ secreted by circulating CD8+ T cells. HHV was recognised by more 

than half of the circulating CD8+ T cells, whereas CD8+ T cells in visceral or skin infiltrates 

recognised the Epstein-Barr virus (EBV) mainly. EBV replication could also be triggered by 

culprit drugs, via the action of EBV-transformed B lymphocytes. Researchers compared the 

type and density of inflammatory cells present in SJS, TEN, DRESS syndrome and non-SCAR 

cytokine levels. SJS and TEN patients had more pro-inflammatory cytokines (TNFα, 

interleukin 6 and interferon γ) and anti-inflammatory cytokines ( interleukin 10 and 

interleukin-1-receptor antagonist, compared to other cutaneous ADRs (Chung et al., 2008). 

 

 

SJS and TEN again distinguished themselves for analysis of lymphocyte/white blood cell 

subsets and immunoglobulin profiles, suggesting the possible involvement of a viral 

infection coinciding with drug exposure. These evidences show a type of non-drug-specific 

immune activation, where T-cells are ready to react, similar to a viral infection. Another 

factor influencing SCARs' phenotype is T-regs during acute and chronic SCAR stages. T-reg 

frequency did not change during early and late stages of SJS/TEN, but non-T-reg frequency 

did increase upon resolution of SJS/TEN. Levels of functional T-regs increased during the 

acute stages of DRESS syndrome, while the opposite occurred for SJS/TEN. Resolution of 

DRESS syndrome caused T-regs to become functionally deficient, while functionality came 

back after SJS/TEN stages (Chung et al., 2008). 
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2.2.4 SCARs treatment  

 

2.2.4.1 Principles of symptomatic treatment 

 

The main SCAR-management strategies are symptomatic, shown in Table 2.6 below, where 

the focus centres on preventing short-term mortality, morbidity and severe long-term 

sequelae (Chung et al., 2008).Table 2.6 shows the possible specific and symptomatic 

treatment, the most crucial step being of culprit-drug identification and withdrawal, leading 

to better prognosis in all SCAR cases.  An increased morbidity risk is observed in drugs with 

longer half-lives. Acute SCAR stages require intensive care due to the possibility of 

multiorgan failure and major fluid loss caused by skin damage. Supportive care then focuses 

on restoration of haemodynamic equilibrium and prevention of life threatening 

complications. Erythroderma, or epidermal detachment, leads to numerous complications, 

such as fluid and protein loss, renal insufficiency, hypovolaemia, sepsis and thermal 

dysregulation. This requires immediate and daily fluid replacement, maintaining an 

environmental temperature of 28°C and hypercaloric and hyperproteic feeding through a 

nasogastric tube. Skin debris removal pain in SJS/TEN is limited by using opioid agonists, 

along with proper respiratory monitoring (Chung et al., 2008). 

The outcomes and sequelae in Table 2.6 are numerous and severe, showing the true extent 

of damage done to SCARs patients, along with the constant management required even 

after resolution. SJS/TEN have more sequelae along with vigorous management up until 5 

years after resolution, along with numerous specialist consultations over the years (Chung 

et al., 2008). 
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Table 2-6 Overview of SCARS treatment, outcome, main sequelae and management after resolution. (RCT= Randomised controlled trial) 

(Chung et al., 2008). 

SCARs Treatment Outcome Sequelae Management after resolution 

Specific  Symptomatic 

SJS/TEN Drug withdrawal, 

No RCT*-

validated curative 

treatment 

Supportive care, 

cutaneous/mucous 

membrane care, 

enteral feeding, 

fluid-loss treatment, 

analgesia, no 

systematic 

intubation, 

environmental 

temperature ≥28°C, 

anxiolytics 

Bacterial 

superinfection, 

visceral-specific 

involvement, 

lung failure 

Dystrophic scars, 

hyperpigmentation, 

alopecia, nail loss, 

visual loss, 

synechiae, dry eye, 

symblepharon, 

dental agenesia, 

sialadenitis, tooth 

decay, genital 

synechiae, 

psychiatric disorders 

Patch testing at month 6; follow-up at least at 

month 2, month 6, month 12, and every year 

for 5 years; specialist consultations: 

dermatology, ophthalmology, ear, nose, and 

throat examination, gynaecology, psychiatry, 

pulmonology 

DRESS Drug withdrawal, 

No RCT*-

validated curative 

treatment, 

Topical/systemic 

corticosteroids 

Symptomatic, 

antipyretics 

Acute organ 

failure, virus 

reactivation, 

relapses 

Autoimmune 

diseases, lupus, 

thyroiditis, diabetes, 

scleroderma 

Patch testing at month 6; follow-up at month 

2, 3, 4, 5, 6, and 12, then annually 
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2.2.4.2 Dermatological care  

 

Daily wound care is crucial in SJS/TEN patients and involves diluted antiseptic sprays and 

antiseptic baths. Skin injuries must be avoided at all costs, for example, no adhesive must be 

used and care must be taken during transportation and manipulation of the patients. 

Aggressive skin debridement must be avoided as the necolytic epidermal sheets act as 

biological dressing themselves. The use of petroleum jelly is encouraged on all areas of 

detached skin, along with the occasional use of non-adhesive dressings on pressure points 

such as the back. Mucosa lubrications with emmolient are used to decrease formation of 

mucosal adhesion and other functional sequelae during acute SCAR phases. Mucosal 

bleeding and erosions necessitates the use of mouthwash, topical analgesic, swabs, local 

administration of adrenaline and clotting agents. Ocular management for inflammatory 

debris removal includes daily saline rinses and topical anesthesia, followed by debris 

removal with cotton buds or smooth blunt instruments. Amniotic membrane 

transplantation has also been proposed to avoid eyelid scarring, conjucntival and corneal 

sequelae. DRESS syndrome's dermatological care mostly focuses on skin moisturisation and 

in some cases mucous-membrane management can be done similarly in aforementioned 

methods for SJS/TEN (Chung et al., 2008). 

 

2.2.5 Outcome and sequelae  

 

SCARs are all life threatening, with a confirmed risk of severe sequelae, specially SJS, TEN 

and DRESS. The main complication of acute SJS/TEN is visceral involvement, such as sepsis, 

renal failure and lesions in the intestine, eye and lungs. Respiratory insufficiency in SCARs 

patients is either caused by SCAR's influence on organs itself or by superfinfection, caused 

by the inhalation of foreign substances. Patients are vulnerable to infections in the acute 

SCARs stages due to defective skin barrier function and translocation of gut bacteria (Chung 

et al., 2008). 

The most common sequelae seen for SJS/TEN patients are dystrophic scars,  

hyperpigmentation, alopecia, nail loss, visual loss, synechiae, dry eye, symblepharon, dental 
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agenesia, sialadenitis, tooth decay, genital synechiae and psychiatric disorders. The highest 

cause of death in SJS/TEN is sepsis. Acute-stage SCARs have significant mortality range of at 

least 10% for SJS and 40% for TEN, along with a total hospital mortality rate of 22%. SJS/TEN 

patients admitted to hospitals are predicted to have a 3-day mortality by SCORTEN, along 

with a high individual death risk (Chung et al., 2008). 

In the absence of laboratory data, a five-point auxiliary score was used to predict the 

severity of illness for SJS/TEN patients. The latter showed that after a year, mortality rates 

were still high, around 34% for SJS and 49% for TEN patients.  Sequelae, which occur after 

remission in SJS/TEN patients, are numerous and includes cutaneous, buccal, dental, ocular, 

pulmonary and genital lesions, as well as psychiatric disorders (Chung et al., 2008). Routine 

screening is needed for sequelae, in order to reduce their impact on quality of life. 

Cutaneous and ocular sequelae are the most frequent ones and need to be treated 

properly. Chronic SCAR stages have up to 65% of patients with late eye complications and 

these can worsen, even after discharge form the hospital (Chung et al., 2008). 

 

Managing ocular sequelae includes rehabilitation of visual function and treating corneal 

inflammation, dry eye, and refractory ocular disease. SJS/TEN patients also experience 

salivary acidity which causes tooth decay, chronic sialadenitis and dental atrophy. Male 

genital synechiae with circumcision are often seen, along with complications in women such 

as, strictures of vaginal mucosa, birth-canal stenosis which cause difficulties in vaginal 

delivery and normal sexual intercourse. DRESS syndrome is mainly linked to 

pulmonary/myocardial lesions and haemophagocytosis, with an overall acute-stage 

mortality of 5%-10%. Studies showed a cumulative incidence of long-term DRESS sequelae 

of 11.5%, with mostly autoimmune diseases, PTSD, anxiety and depression. DRESS remission 

can be followed by chronic virus activation, which in turn causes autoimmune diseases such 

as diabetes, scleroderma, thyroiditis and lupus erythematosus (Chung et al., 2008). 
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2.2.6 ADRs and SCARs reports in Malaysia  

 

High levels of SCARs caused by allopurinol has been reportedly shown in numerous 

countries such as Malaysia, Europe, Israel and many other Southeast Asian populations (Tsai 

& Yeh, 2010). A study on Asian populations showed that allopurinol, carbamazepine, 

phenytoin, lamotrigine and sulfamethoxazole are linked to SJS/TEN in more than 50% of 

cases. Allopurinol was singlehandedly found to be the second SJS/TEN causing drug in 

19.65% cases in Asia, after carbamazepine. Moreover, allopurinol was responsible for 

22.78% of all SJS/TEN cases in Europe populations (Tsai & Yeh, 2010). The two main sources 

of SCARs/ADRs reports in Malaysia are from Malaysian Adverse Drug Reactions Advisory 

Committee (MADRAC) and data collected through various studies. Data from MADRAC 

(section 2.3.6.1) shows the increase in number of ADR reports with the years, percentage of 

different SCARs recorded, the identification of allopurinol as a culprit drug and inclusion of 

warnings and safety measures to be implemented in hospitals. Section 2.3.6.2 presents 

SCARs data mined from different hospitals in different states of Malaysia, specifically Johor, 

Pahang and Penang. Few studies were available and they performed four to ten year 

reviews of SCAR cases and patterns in those states and compiled them for a clearer view of 

the situation. 

 

2.2.6.1 Malaysian Adverse Drug Reactions Advisory Committee (MADRAC) 

 

The annual ADRs reports generated by the Malaysian Adverse Drug Reactions Advisory 

Committee (MADRAC) were analysed for several years. Reports from 2000 to 2019 were 

accessed and each year allopurinol was mentioned, along with its link to SCARs.  In 2000, 

792 reports were recorded and this increased to 5850 case reports in 2009. The total 

number of new ADR reports increased from 5,550 cases in 2010, to 12,306 cases in 2015, 

showing a significant increase in five years.  Moreover, all the cases reported were 

benchmarked against the VigiGradeTM Completeness Score, used predominantly by the 

WHO Collaborating Center for International Drug Monitoring in Sweden. This score range 

shows the level of clinical accuracy in a case, with a poorly documented case at 0.07 and a 
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well-documented one at a score of 1.00. NRPA applied this score technique and the 

completeness core increased from 0.45 in 2010 to 0.72 in 2015, showing the continuous 

effort to improve quality of ADR case report. The main type of ADR reported was related to 

skin and subcutaneous tissue disorders, making up 30.0% of the total reports in 2015 

(MADRAC bulletin 2016). 

Allopurinol was mentioned as the cause of ADRs as early as the year 2000, where 493 

reports were obtained, with more than 90% of them relating to skin and appendages 

disorder. 16 cases out of 493 were fatal and allopurinol was the main contributory factor. A 

review of all NPRA reports, showed that the commonest allopurinol-induced SCARs 

recorded from 2001 to 2009 were SJS (26.9%), maculopapular exanthem (23.2%) and TEN 

(5.7%), along with severe reactions in a total of 36.8% of the total number of patients. The 

main indication for allopurinol usage was for gouty arthritis (59%), asymptomatic 

hyperuricaemia (34%), non-specific arthritis/arthralgia (3%), renal calculi (2%) and 

chemotherapy treatment (2%). Fifteen patients died due to the SCARs, where 6 of them 

were given allopurinol for asymptomatic hyperuricaemia.   

An alert in 2010 was raised as allopurinol was not being prescribed for the right indications 

and cases. Allopurinol is contraindicated in acute gout and asymptomatic hyperuricaemia as 

stated by the Ministry of Drug Formulary. However, it was noted that healthcare 

professionals were not adhering to these clear instructions and the prescribing information, 

with 30.2% of cases recorded with inappropriate indications in 2010 (MADRAC bulletin 

2010). In 2010, the incidence of allopurinol-induced SCARs was 15 cases per hundred 

thousand population years, with the most common SCARs being SJS (27.3%), maculopapular 

exanthema (23.1%) and TEN (5.7%) (MADRAC bulletin 2012).  

Deeper analysis of the all the data since 2000 showed that 21% of all the ADR reports were 

linked to allopurinol use for asymptomatic hyperuricaemia. In 2002, 60% of ADR reports on 

allopurinol, were linked to its inappropriate use. This problem was partly decreased by 

disseminating an advisory to all prescribers in 2004, with the correct allopurinol indications. 

A decline in the inappropriate use of allopurinol was seen in 2005 and 2006, however this 

increased again (25-30% increase) from 2007 to 2009. This triggered the use of a list risk 

minimisation actions in all hospitals, which lead to a decrease in number of cases to 5.6% in 
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2010 and 11.4% in 2011. The latter figures shows that inappropriate use of allopurinol still 

remains a cause for concern and contributes to SCARs occurrence (MADRAC bulletin 2012). 

It was highlighted that allopurinol should not be used indiscriminately in any case with high 

SUA, that it doesn't have anti-inflammatory action and may intensify and prolong 

inflammation during acute gout phase. Moreover, a warning was issued about colchicine's 

severe drug interactions with P-glycoprotein and strong CYP3A4 inhibitors. Several deaths 

were recorded when these drugs were administered together. Patients with hepatic and 

renal impairment taking colchicine should not take P-glycoprotein or strong CYP3A4 

inhibitors. Cholchicine dose must be reduced or treatment stopped altogether in patients 

with normal hepatic and renal function in case the other two are needed urgently. 

Grapefruit and its juice must both be avoided while taking colchicine (MADRAC bulletin 

2010). In 2018, the NPRA reported 25,127 ADR case reports, doubling the number of cases 

compared to 2015 as aforementioned. Moreover, a safety alert was reported about Beta-

lactam antibiotics causing SCARs in January 2019 (MADRAC bulletin 2019). 
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2.2.6.2 Data mining from Malaysian hospitals  

 

Data available from different states of Malaysia were limited and mined, to see the trend of 

allopurinol-induced SCARs and its mortality rates. A tertiary hospital in Johor, the Hospital 

Sultanah Aminah Johor Bahru, was analysed for the pattern of SCARs in 280 new patients 

obtained from 2001 to 2008. The most common SCARs seen were maculopapular eruption 

(39.5%), SJS (28.1%), DRESS (6.8%), TEN (5.7%) and others. Allopurinol was implicated in 

13.9% of the total SCARs cases recorded and was amongst the top three main causative 

drugs of SJS/TEN at a percentage of 18.8%. DRESS was mainly caused by allopurinol, at 

52.6% of the total DRESS cases. This study was compared to other papers worldwide and 

similar trends were seen, with allopurinol being amongst the top three high-risk drugs most 

often associated with SJS/TEN. Halevy et al. showed that 17.4% of the total SJS/TEN cases 

were caused by allopurinol in Johor (Ding et al., 2010). 

Lin et al. (Lin et al., 2005) and Khoo et al. (Khoo et al., 1996) both showed similar high 

percentages of allopurinol-induced SJS/TEN cases, at 17.1% and 13.0% of the total number 

of cases, respectively, in Johor. In an earlier study, allopurinol-induced ADRs only consisted 

of 8% of the total cases, from 1992 to 1997. The National Pharmaceutical Control Bureau, 

Ministry of Health, Malaysia, received an increasing number of allopurinol-ADRs cases, from 

22 cases in 2002 to 80 cases in 2008, with a total of 71.8% of severe ADRs from allopurinol 

(Ding et al., 2010). 

A four year review of SCARs pattern in Pahang, in the Department of Dermatology of 

Hospital Tengku Ampuan Afzan, was performed from 2013 to 2016. A SCARs incident rate of 

0.34% was noticed amongst 7,353 new patients, with the highest rate seen in the 

indigenous and Indian people (0.63% and 0.62% respectively). Allopurinol was identified as 

the most common culprit drug in all SJS and TEN cases, at 46.7% and 33.3% respectively. 

Moreover, this study discovered that allopurinol has been in the top three culprit drugs 

causing SCARs for around 20 years. The author also compared clinicoepidemiological SCAR 

studies in Malaysia to various Asian countries, showing that SJS was the most commonest 

SCAR reported and that Malaysia had a higher mortality rate compared to other countries 

(Ramalingam, 2018). Two other Malaysian studies were analysed by the author, the first one 

in Johor Bahru with 144 total SCAR cases, 26.4% SCAR cases linked to allopurinol, a SCAR 
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incidence of 0.34%, prevalence of 39.8% and a mortality rate of 6.9%. The second study in 

Klang had 33 SCAR patients, 33.3% of allopurinol-induced cases and a mortality rate of 6.1% 

(Choon et al., 2012).  

A 10-year review of SCARs cases was carried out in Penang General Hospital from 2006 to 

2015, resulting in a total of 189 mined SCARs cases. The rate of hospital admission due to 

SCARs was 0.3/1000, similar to other international studies. SJS was the commonest SCAR 

present (55.0%), followed by TEN (23.8%) and DRESS (12.7%) and they had respective 

mortality rates of 1.9%, 13.3% and 12.5%.  Allopurinol was implicated in 18.9% of the total 

SCARs cases, in 20.8% of SJS/TEN cases and 46% of all DRESS cases. Allopurinol being the 

commonest culprit drug was also confirmed internationally in studies from Asia, Europe and 

Israel. The higher percentage of allopurinol-induced DRESS cases compared to SJS/TEN was 

also confirmed in other local studies such as Ding WY et al. (52.6%), Choon SE et al. (44%) 

and Tee SH et al. (40%) (Loo et al., 2018). 
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2.3 Pharmacogenomics 

 

2.3.1 Introduction  

 

Pythagoras first recognized pharmacogenomics when he connected the dangers of fava 

bean ingestion with haemolytic anemia and oxidative stress, around 510 BC. The latter was 

linked to G6PD deficiency and called favism later on in the 1950s.This step marked the 

official start of the pharmacogenomics field and the first official publication was made in 

1961. Friedrich Vogel first coined the term pharmacogenetic in 1959 and the first proof of 

genetic involvement in drug metabolism was confirmed in late 1960s. The 1990s announced 

the spreading of the term pharmacogenomics worldwide, with the first FDA approved 

pharmacogenetic test for CYP2D6/CYP2C19 in 2005. The first step in understanding the 

pharmacogenomics field is understanding its genetic source, which is the Human Leukocyte 

Antigen (HLA) genes, implicated in drug induced SCARs (Shankarkumar, 2004). Section 2.4.2 

below will give an introduction on the HLA genes, followed by its mechanism of action in 

SCARs in section 2.4.3. Once a proper foundation has been set to understand the HLA genes’ 

role in SCARs, section 2.4.4 will explore the numerous pharmacogenomics success stories 

worldwide, along with its limited presence and study in Malaysia. 
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2.3.2 Human Leukocyte Antigen (HLA) genes  

 

Genetic factors are found to be strongly linked and implicated in the aetiology of Type B 

ADRs after drug administration, specifically the Human Leucocyte Antigen (HLA) genes. The 

HLA loci are known to be highly polymorphic in human beings with the HLA-B locus having 

more than 1500 alleles which in turn have countless variants each. The HLA genes, also 

known as the Major Histocompatibilty Complex (MHC) genes, codes for cell-surface 

receptors which capture and present peptides to T cells in an immune response. The MHC 

molecules can be classified into 2 types; the MHC Class I in nucleated cells and the MHC 

Class II found in antigen-presenting cells (APCs). MHCI and MHCII are involved in peptide 

presentation to CD8+ and CD4+ T cells respectively. HLA-A, HLA-B and HLA-C loci codes for 

MHCI while HLA-DR, HLA-DQ and HLA-DP loci codes for MHCII molecules. All these genes are 

linked in the MHC region on chromosome 6p21.3. HLA can be broken down into 3 classes; 

namely Class 1 (HLA-B, -B, -C), Class II (HLA-DR, -DQ, -DP) and Class III (Bf, C2, C4A). Naming 

of HLA genes follows a simple nomenclature as shown in Figure 2.17 below (The Sequencing 

Center, 2022). 

 

 

Figure 2-17 HLA Nomenclature, where the HLA prefix is followed by the specific gene (A,B or 
C), a separator, the allele group and more detailed information about a specific gene/allele 
(The Sequencing Center, 2022). 
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Linkage disequilibrium is known to occur between allelic combinations at linked loci, thus 

suggesting that this phenomenon may be the cause of the numerous ADRs-HLA 

associations. MHC1 molecules are found to be at the core of immune responses found in 

allopurinol ADRs and SCARs (Bharadwaj et al., 2012). MHCI molecules are made up of a 

polymorphic α chain with 3 domains (α1, α2 and α3) and a conserved single domain called 

the β2-microglobulin. α1 and α2 domains form the peptide-binding groove of MHCI with a β 

sheet at the base of the peptide-binding cleft and the cleft walls formed by an α helix. The 

binding cleft consists of peptide-binding pockets which will bind to amino acids’ side chains 

and anchor the whole peptide to the MHCI molecule. Some amino acid side chains will 

interact less with the MHCI and more with the T cell receptor (TCR). In the presence of a 

neopeptide, the latter will be presented by MHCI, causing specific complementary TCRs on T 

cells to be activated, ultimately leading to an antigen-specific, CD8+ Tcell response. 

Interactions will thus occur between TCRs of CD8+ Tcells and the MHCI-peptide complex. 

CD8+ T cells proliferation follows causing effector cytotoxic functions (Bharadwaj et al., 

2012). 

The main function of HLA antigens is to recognise and fight against microorganisms. With 

the extensive polymorphism of the HLA loci, it ensures that the human body can deal with 

any type of attack from foreign organisms. Furthermore, polymorphisms are shown to be 

population specific. Linkage disequilibrium is also seen in HLA alleles which causes HLA Class 

I, II, III to be inherited together, thus diverging from Mendel’s Law of independent 

segregation and creating a positive selective advantage. Cross-reactivity also occurs in HLA 

alleles where one antibody can react with numerous antigens and even share epitopes 

between antigens. This is due to a high similarity in the amino acid sequence, thus the 

molecular conformation, of HLA molecules (Shankarkumar, 2004). 

Variations in HLA allotypes may be of 1-2 or 30 residues. Differences in allotypes are found 

mostly in the residues which will contact peptides within its peptide-binding groove, causing 

a change in the latter’s structural and electrochemical layout. These changes in layout will 

cause HLA molecules to establish a distinct peptide specificity for each polymorphic allotype 

as well as distinct peptide-binding repertoires and motifs. Thus HLA allotypes with less 

similarities will have distinct binding sites for TCRs due to their different MHC exposed 

region and peptide repertoires. Micropolymorphisms of 1-2 amino acids will alter the 
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peptide presentation, dependency on the tapasin chaperone and ultimately impacts on T 

cell activation and recruitment. Immune responses by T cells thus depend on an individual’s 

specific MHC allotype’s capability in presenting new peptides from pathogens. Heterozygous 

HLA loci maintain HLA polymorphism by an elevated total number of peptide repertoire, 

which ultimately enhances the probability of peptide presentation from pathogens 

(Bharadwaj et al., 2012). 

The variation in HLA frequencies and polymorphism in different populations arose due to 

specific selective pressure in different geographical areas. MHC restriction happens when 

peptides are bound to MHC molecules and the latter is recognized by T-cell receptors(TCR). 

Natural killer (NK) cells do not have TCRs and will be involved in cytotoxicity. NK cells are 

shown to destroy cells with a lower class I molecule expression, such as in some virus-

infected cells or tumours. Furthermore, NK cell receptors are shown to bind to HLA class I 

molecules which in turn regulates NK cells’ activity (Chung et al., 2008). 
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2.3.3 Pathogenesis of HLA induced SCARs  

 

An increasing number of ADRs are being associated with HLA-B genes nowadays and this 

gave rise to different mechanisms of action in an effort to explain these complex 

interactions. These mechanistic models, as shown in Figure 2.18 below, explain the HLA 

genes’ role, the recognition of drugs by T cells and the consequent boost of immune 

response caused by T cells (Nguyen et al., 2019). The first mechanism for MHC-dependent T 

cell action is the hapten-prohapten concept (Figure 2.19  A & B). Haptens are chemically 

reactive small molecules, which bind covalently to bigger proteins/peptides and cause an 

immune response. Pro-haptens are on the contrary, not chemically reactive, but become so 

after being metabolized (Nguyen et al., 2019). This mechanism suggests that a drug, also 

called the hapten, will react with a self-protein, thus generating a haptenated product. This 

modified product will be processed to form a new MHC ligand on the MHC molecule which 

will in turn stimulate antigen-specific T cells on the cell surface. This can be seen clearly in 

Figure 2.18 A below (Nguyen et al., 2019). 

One example of the hapten model is penicillin-induced hypersensitivity, where penicillin 

derivatives bind to serum albumin and go through intracellular processing, in order to 

produce chemically modified peptides and cause an immune response (Nguyen et al., 2019). 

In the second mechanism rapid T cell activation occurs which causes the immune response 

to be independent of antigen processing and cellular metabolism. This gave rise to the 

concept of pharmacological-interaction (p-i) with immune receptors. In the p-i concept, the 

drug directly binds to T-cell receptors or MHC proteins by non-covalent bonds on the cell’s 

surface (as shown in the Figure 2.18 C below) eliciting a rapid immunogenic complex 

formation. This concept is known to be unstable compared to the hapten concept 

(Bharadwaj et al., 2012).  The p-i concept can be shown in CBZ-induced SJS/TEN, where CBZ 

binds directly to the protein encoding the HLA-B*15:02 allele, via a non-peptide processing 

pathway. This was confirmed in studies showing that fixation of antigen-presenting cells 

only can cause a specific immune response, without the involvement of the antigenic 

peptide-processing pathway. The latest physiopathological hypothesis discovered was the 

altered peptide repertoire model, shown in Figure 2.18 D. In this concept, the drug binds 

non-covalently in the MHC's binding pocket, altering the chemistry of the binding cleft and 
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the self-peptide repertoire and ultimately leads to cytotoxic T-cell activation. In the 

abacavir-hypersensitivity model, ABC changes the repertoire of self-peptides by triggering 

conformational alterations in endogenous peptides presented by the protein encoded by 

the HLA-B*57:01 allele. This in turn leads to a polyclonal T-cell response and induces 

hypersensitivity reactions. The drug does not directly interact with the HLA repertoire here, 

but it interacts with peptides which change the binding cleft of the HLA molecule, and which 

is in turn recognized as foreign antigens by APC (Bharadwaj et al., 2012). 

Once the immune system has been stimulated by the aforementioned mechanisms, 

cytotoxic T-cells are in turn activated, such as CD4+, CD8+ and regulatory T-cells, as shown 

in Figure 2.18 below. The different cytotoxic T-cells will produce cytotoxic proteins and thus 

cause SCARs development, be it SJS/TEN, DRESS or acute generalised exanthematous 

pustulosis (AGEP) (Nguyen et al., 2019). 
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Figure 2-18 Schematic diagram of the 

different mechanisms of action for 

immune stimulation of the Major 

Histocompatibility Complex (MHC) 

involved in SCARs development. Figure 

2.19 A & B depict the hapten and pro-

hapten models while C and D show the p-

i and the altered protein repertoire 

concept (Nguyen et al., 2019). 
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2.3.4 Pharmacogenomics success stories 

 

The strongest ADR-HLA associations discovered were the role of HLA-B*57:01 in Abacavir 

hypersensitivity in HIV cases, the role of HLA-B*15:02 in SJS patients taking carbamazepine 

and most recently, the role of the HLA-B*58:01 allele in allopurinol hypersensitivity 

syndrome (HSS), SJS and TEN (Bharadwaj et al., 2012). The odd ratios of these ADR-HLA 

associations are greater than 500, 1000 and 800 respectively. These strong HLA associations 

are clearly involved in disease progression, while the weaker associations suggests the 

presence of other contributing factors which ultimately makes the drug hypersensitivities’ 

mechanisms more complicated to decipher (Bharadwaj et al., 2012). The first success in 

pharmacogenomics implementation started with abacavir (ABC) hypersensitivity syndrome 

and the HLA-B*57:01 allele. In 1998, ABC was first discovered to cause abacavir 

hypersensitivity reaction (ABC HSR) in its premarketing stage, where 8% of treated patients 

experienced malaise, fever and gastrointestinal side effects. 70% of patients later 

experienced mild to moderate rashes over their body (Mallal et al., 2008). In 2002, two 

studies first showed the association between the HLA-B*57:01 allele and ABC HSR in 

Caucasian populations.This association was then verified immunologically by using patch 

testing. 100% of white and black patients in a case-control study was shown to have positive 

patch test results, ABC HSR and the presence of the HLA-B*57:01 allele (Mallal et al., 2008). 

The Clinical Pharmacogenetics Implementation Consortium (CPIC) guidelines included HLA-

B*57:01 screening prior to ABC treatment in 2012. It took around 15 years for this to be 

accepted and implemented in clinics worldwide and treatment guidelines. A decline in ABC 

HSR incidence was proven, along with this strategy’s cost-effectiveness (Karnes et al., 2020). 

However, it was a unique model with a positive predictive value of 55%, negative predictive 

value of 100% and narrow HLA restriction. The higher positive predictive value was the 

turning point which allowed easy implementation in clinical settings.  

The second pharmacogenomics global success story shows how SJS/TEN emergence in 

epileptic patients were linked to carbamazepine’s (CBZ)  reaction with HLA-B*15:02 allele 

.This link was first shown in Han Chinese, followed by Thais, Malaysians and Indians . 
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Screening for HLA-B*15:02 is recommended by the US Food and Drug Administration for 

South East Asians, even with a significantly smaller positive predictive value of 3% to 7.7% 

and a 100% negative predictive value. However, the HLA-B*31:01 allele was surprisingly 

recently found to be associated with CBZ SJS-TEN in Caucasian populations instead of the 

HLA-B*15:02 allele. This shows the importance of screening different populations and ethnic 

groups and finding the HLA-B allele which is best associated with drugs and diseases. The 

HLA-B*15:02 allele’s involvement is also seen for the Malaysian population, mostly the 

Malay and Chinese subgroups, and further proves its beneficial use as a genetic marker for 

SJS-TEN prevention. This is further proven later, where almost all the papers studied for 

HLA-B allele frequencies showed high HLA-B*15/15:02 frequencies. The slow but sure 

integration of HLA-B*15:02 testing in Malaysia is greatly due to the allele’s high frequency in 

all the ethnic groups. The Malaysian Society of Neurosciences recommends the screening of 

HLA-B*15:02 amongst epilepsy patients. However, this still hasn’t been made obligatory for 

all patients taking carbamazepine or included on the drug label as done in other countries 

(Rani et al., 2018; Then & Raymond, 2019). 

 

2.3.5 Pharmacogenomics in Malaysia 

 

The SCAR cases and trend were in Malaysia analysed in section 2.3.6, with the main focus on 

MADRAC reports and a few studies in different states. Allopurinol has been mentioned since 

2000, up until 2019 in MADRAC reports as the culprit drug in SCAR cases but the cause 

remained unknown. An alert was only raised in 2010’s report to all hospitals nationwide to 

emphasize on the incorrect prescription of allopurinol. Pharmacogenomics was only 

mentioned in 2014 MADRAC report, along with a list of HLA variants and gene variants to be 

on the lookout for along with their culprit drugs and ADRs. Pharmacogenetic testing was 

also mentioned, with emphasis on warfarin, psychotropics and a testing kit developed for 

HLA-B*15:02 in epileptic patients taking carbamazepine. HLA-B*58:01 was linked to 

allopurinol-induced SCARs in the following years, but no kit or studies were done on this 

association (MADRAC bulletin 2014). 
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Rani et al. developed a High Resolution Melt (HRM) screening technique in UMBI to screen 

for the HLA-B*15:02 allele in epileptic patients from Hospital UKM (HUKM). This method has 

been implemented and used successfully for a few years in preventing SCARs and its related 

death toll in HUKM (Rani et al., 2018). Pharmacogenetic screening was seen to be hospital 

specific in Malaysia, where laboratories affiliated to hospitals develop their own screening 

method. 
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2.3.6 HLA-B*58:01’s role in allopurinol-induced SCARs  

 

2.3.6.1 Introduction  

 

The genetic predisposition for allopurinol-induced hypersensitivity reactions has been 

extensively investigated. The HLA-B*58:01 allele has been indicated as a genetic 

susceptibility factor for allopurinol-induced hypersensitivity reactions with studies of 

allopurinol-induced SCARs strongly  associated with individuals tested positive for the HLA-

B*58:01 allele (Hung et al., 2005). To date, the genetic association between HLA-B*58:01 

and allopurinol-induced SCARs has been validated in a number of Asian countries and 

European countries (Wu et al., 2016). 

The association is still a theory, which needs to be established in other countries, like 

Malaysia. It is postulated that around 10.1% of individuals in the Malaysian population carry 

this allele (Hung et al., 2005).This will lead to a significant prevalence of allopurinol-induced 

ADRs. Despite the lack of extensive studies for the allele frequency in Malaysia, a 

susceptibility-allele frequency of 10.4% is still relatively significant, given the severity of 

allopurinol-induced ADRs (Gonzalez-Galarza et al., 2015). Such observations may be a result 

of varying HLA-B*58:01 frequency in different populations. The HLA-B*58:01 allele has been 

reported to occur at the highest frequency among those of Han Chinese descent, but it has 

also been identified in other population ethnicities. The susceptibility-allele frequency 

harbors an impact on the practicality of HLA-B*58:01 genotyping implementation in clinical 

settings, in such a way that the need for the implementation is directly proportional to the 

susceptibility-allele frequency in a population (Hung et al., 2005). 

This is why our proposal for HLA-B*58:01 genotyping prior to allopurinol prescription may 

effectively reduce the incidences of allopurinol-induced ADRs, concomitantly minimizing 

iatrogenic morbidity, mortality, and extra medical costs among allopurinol-taking patients 

(Hung et al., 2005).
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2.3.6.2 HLA-B*58:01 allele’s mechanism of action in SCARs 

 

The HLA-B*58:01 allele is the most well-established and proven genetic link to allopurinol 

induced-SCAR. The mechanisms behind this genetic association are shown to follow the 

HLA-dependent T cell activation by the drug. Allopurinol or oxypurinol bind peptides to 

produce haptenated products which are processed and presented by HLA-B*58:01 (hapten 

concept) as shown in Figure 2.19 below. Both drugs may also directly react with the HLA-

B*58:01-MHC-peptide complex and TCR on a cell’s surface without any antigen processing 

(p-i concept). Proof of the p-i concept comes from the observation that oxypurinol has a 

higher affinity for the HLA-B*58:01 molecules in docking experiments. 

Allopurinol/oxypurinol may also be incrusted in the HLA-B*58:01 allele’s peptide-binding 

groove, altering the peptide repertoire to be presented by the HLA-B*58:01 alleles which 

ultimately results in alloreactivity (McDonagh et al., 2014). 

CD8+ T cells activation will ensue, accompanied by cytotoxic effects on keratinocytes which 

ultimately results in the characteristic epidermal aggression and necrolysis in SJS/TEN. The 

full mechanism of HLA-B*58:01 activation of T cells in the presence of allopurinol is shown 

in Figure 2.20 below (McDonagh et al., 2014). 

The allopurinol hypersensitivity(AH) link to the HLA-B*58:01 allele was first shown in 1989 

by Chan and Tan (Jung et al., 2011). Patients risk SCARs development 80-97 times more in 

the presence of the HLA-B*58:01 allele (Choo et al., 2014). The risk of AH is shown to be 

directly proportional to the HLA-B*58:01 allele frequency in a population. Malaysia is seen 

to have a high frequency of 10.1%, showing a high risk of allopurinol-induced SCARs (Hung 

et al., 2005). 
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Figure 2-19 This figure shows the potential mechanisms which are involved in the allopurinol-

induced SCARs. The hapten concept, p-i concept and the altered repertoire model are depicted. The 

interaction of allopurinol and oxypurinol with the HLA0B*58:01 molecule can be clearly seen here 

(McDonagh et al., 2014). 
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2.3.6.3 Global profiling of the HLA-B*58:01 allele’s role in allopurinol-induced SCARs 

 

2.3.6.3.1 Website search for global HLA-B*58:01 allelic frequency  

A systematic search was performed on The Allele Frequency Net Database, 

<www.allelefrequencies.net>, which has 134,008 frequencies stored on HLA alleles from a 

total of 10,509,338 individuals (Gonzalez-Galarza et al., 2020). Data was extracted by using 

the keyword “HLA-B*58:01” for all countries to set up an appropriate global background for 

this specific allele. The search yielded 281 hits from countries around the whole globe 

(Gonzalez-Galarza et al., 2020). The highest global allelic frequency for the top fourteen hits 

and countries were shown in Table 2.7 below. 

Table 2-7 Highest global allelic frequency mined for top fourteen hits and countries 

(Gonzalez-Galarza et al., 2020) 

Entry 

number 

Population Allele 

frequency 

Sample 

size 

16 Cameroon Baka Pygmy 0.1500 10 

20 Cameroon Sawa 0.1150 13 

30 China Guangdong Province Meizhou 

Han 

0.1700 100 

93 India Khandesh Region Pawra 0.1500 50 

137 Kenya Nandi 0.1000 240 

142 Malaysia Jelebu Temuan 0.1040 25 

145 Malaysia Patani 0.1000 25 

146 Malaysia Peninsular Chinese  0.1211 194 

149 Malaysia Sarawak Bau Bidayuh 0.1400 25 

179 Singapore Chinese 0.1040 149 

209 Taiwan Hakka 0.1090 55 

210 Taiwan Han Chinese 0.1060 504 

214 Taiwan pop 2 0.1000 364 

215 Taiwan pop 3 0.1010 212 

http://www.allelefrequencies.net/
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From Table 2.7 above, seven hits (highlighted in yellow) are considered more reliable due to 

the higher sample size, with a minimum of 100 people. China takes the lead with 17%, 

followed by Malaysia Peninsular Chinese with 12.11%, Taiwan Han Chinese with 10.60%, 

Singaporean Chinese with 10.40% and others at 10.00%. Interestingly, Malaysia and 

Singapore both fall in the highest global HLA-B*58:01 frequency, focusing mostly on the 

Chinese ethnic groups. From the whole table, it is noted that five hits correspond to 

Malaysia and Singapore out of fourteen, i.e, 35.7% of the total. This highlights the 

importance of further researching all the studies done previously in Malaysia which can 

contribute to a better and more accurate estimation of the allelic frequency in all its 

different ethnic groups 

 

2.3.6.3.2 Proof of the strength of association of the HLA-B*58:01 allele globally  

 

It is crucial to study the strength of association between the HLA-B*58:01 allele and 

allopurinol-induced SCARs in existing studies worldwide in order to grasp the extent to 

which it can help in minimizing SCARs in hospitals. The allelic frequency of HLA-B*58:01 in 

various regions worldwide were searched and adapted from <www.allelefrequencies.net>, a 

database on allelic frequencies. A methodical search was carried out on these following 

databases: PubMed, PreMEDLINE, and NUSearch Primo library to identify studies that 

investigated the association between HLA-B*58:01 and allopurinol-induced ADRs. The 

keywords employed in the search included “allopurinol” AND “HLA-B*58:01” AND 

“hypersensitivity” OR “Stevens Johnson Syndrome” OR “Toxic Epidermal Necrolysis” or their 

acronyms. The results gathered were detailed in Table 2.8 shown on the next few pages. 

Hung and colleagues first reported a convincing association between HLA-B*58:01 and 

allopurinol-induced SCARs in the Han Chinese population in Taiwan, where 100% (51/51) of 

the subjects who developed SCARs following allopurinol consumption were found to carry 

this allele. In contrast, only 14.8% (20/135) of allopurinol-tolerant subjects (OR = 580.3, 95% 

CI = 34.4 – 9780.9) and 20.4% (19/93) of healthy subjects (OR = 393.5, 95% CI = 23.2 – 

6665.26) were shown to carry this allele (Hung et al., 2005). Led by this pioneering 

http://www.allelefrequencies.net/
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investigation, a handful of other studies validated the genetic association in question in the 

Han Chinese population. Cao et al. indicated that 100% (38/38) of susceptible subjects 

enrolled in their study were carriers of the HLA-B*58:01, whereas only 11.1% (7/63) of the 

allopurinol-tolerant group (OR = 580.07, 95% CI = 32.18 – 10456.80) and 14.0% (80/572) 

from the general population (OR = 471.09, 95% CI = 28.66 – 7744.39) were found to carry 

this allele (Cao et al., 2012). An association of similar magnitude among Han Chinese was 

reported by two other studies: 100% (19/19) of subjects with SCARs had the allele vs.13.3% 

(4/30) of allopurinol-tolerant controls (OR = 229.7, 95% CI = 11.7 – 4520.4) (14); 94.6% 

(87/92) of subjects suffering from SCARs had been shown to carry the allele while only 

12.0% (9/75) of allopurinol-tolerant (OR = 127.6; 95% CI = 40.8 – 398.6) controls and 10.1% 

(10/99) of healthy subjects (OR = 154.9; 95% CI = 50.9 – 471.5) had been tested positive for 

the allele (Cao et al., 2012). 

This association between HLA-B*58:01 allele and allopurinol-induced ADRs was also 

reported in various regions of Asia. Studies conducted on native Thais or Thai-Chinese who 

developed SCARs post-allopurinol use demonstrated a solid genetic association between the 

allele and SCARs. Tassaneeyakul and colleagues revealed that all of the susceptible patients 

(27/27) in their studies were carriers of HLA-B*58:01, while a mere 13.0% (7/54) of 

allopurinol-tolerant controls (OR = 348.3, 95% CI = 19.2 – 6336.9) and 8.1% (8/99) of healthy 

controls (OR = 592.1, 95% CI = 33.1 – 10587.7) were carriers of said allele (Tassaneeyakul et 

al., 2009). In an association study undertaken by Jantararoungtoung et al, 100% (12/12) of 

subjects who developed allopurinol-induced SCARs had been shown to carry the allele, 

while 50.0% (1/2) of subjects who developed MPE had been seen to be carriers of the allele. 

In contrast, only a mere 10.7% (6/56) of allopurinol-tolerant patients (OR = 108.33, 95% CI = 

11.96 – 980.82) were found to carry the HLA-B*58:01 allele (Jantararoungtoung et al., 201). 

This finding was further supported by a multicentre case-control study carried out by 

Sukasem and coworkers, where the HLA-B*58:01 allele was found in 100% (23/23) of 

subjects who developed SCARs following allopurinol consumption (Sukasem et al., 2016). 

Sukasem et al. also reported a HLA-B*58:01 frequency of 85.7% (6/7) in patients who 

developed MPE (a form of mild adverse drug reaction related to allopurinol), validating an 

association not only between HLA-B*58:01 and allopurinol-induced SCARs, also that 

between HLA-B*58:01 and allopurinol-induced cADRs.  In comparison, only 4.0% (4/100) of 
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allopurinol-tolerant patients (OR = 696.00, 95% CI = 74.81 – 6475.01) and 10.1% (111/1095) 

of healthy subjects (OR = 257.08, 95% CI = 34.68 – 1905.57) were reported to carry this 

allele (Sukasem et al., 2016). 

This association was similarly observed in the Korean population. Kang et al. indicated that 

as many as 92.3% (24/26) of patients who suffered from allopurinol-induced SCARs had the 

HLA-B*58:01 allele while merely 10.5% (6/57) of allopurinol-tolerant patients (OR = 97.8; 

95% CI = 18.3 – 521.5) and 12.2% (59/485) of healthy controls (OR = 83.0, 95% CI = 19.0 – 

361.3) were shown to be carriers of HLA-B*58:01 (Kang et al., 2016). A study conducted by 

Jung et al. in 2011 further validated this association among the Korean population. 100% 

(9/9) of SCARs patients were shown to be HLA-B*58:01 carriers, in contrast to susceptibility-

allele frequencies of 9.5% (41/432) and 12.2% (59/485) in allopurinol tolerant (OR = 179.24, 

95% CI = 10.19 – 3151.74) and healthy controls (OR = 136.29, 95% CI = 7.79 – 2380.85), 

respectively (Jung et al., 2011). Despite its notably lower frequency in the Japanese 

population, the HLA-B*58:01 allele has still been found to be significantly associated with 

allopurinol-induced ADRs. Kaniwa et al. reported that 20% (4/20) of SCARs patient carried 

the allele whilst only 0.6% (6/986) of healthy controls (OR = 40.83, 95% CI = 10.5 – 158.9) 

carried HLA-B*58:01 (Kaniwa et al., 2008). Tohkin et al. had shown that among 36 SJS/TEN 

patients, only 10 of them were found to carry this allele (27.8%) (Tohkin et al., 2013). In 

contrast, only 0.6% of the general population was tested positive for this allele (OR = 62.8, 

95% CI = 21.2 – 185.8) Another Japanese study 18 reported that 2 out of 3 SJS patients were 

carriers of the HLA-B*58:01 allele (OR = 65.6, 95% CI = 2.9 – 1497.0). However, the Japanese 

population has been described to face a lower risk for allopurinol-induced ADRs as 

compared to other Asian populations. HLA-B*58:01 association with allopurinol-induced 

adverse drug reactions was also replicated – although at a more modest strength – in 

European populations. Cristallo et al indicated that 42.8% (19/31) of SCAR subjects were 

carriers of the HLA-B*58:01 allele while only 5.2% (6/115) of the healthy controls (OR = 

13.625, 95% CI = 2.774 – 69.448) recruited in the study carried the allele (Cristallo et al., 

2011). In a Caucasian population, 61.0% (19/31) of SCARs patients had been shown to carry 

the allele (Wu et al., 2016). A study conducted by Lonjou et al. among a Caucasian 

population reported a HLA-B*58:01 frequency of 61% (19/31) among those susceptible to 
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allopurinol-induced SCARs. Only 1.5% (28/1822) of the general population had been 

reported to carry this allele (OR = 61.0, 95% CI = 32 – 118) (Lonjou et al., 2008). 

In the 14 studies aforementioned, the HLA-B*58:01 allele has been described as a 

susceptibility factor for allopurinol-induced adverse drug reactions (both mild and severe 

forms). In other words, a significant association between HLA-B*58:01 and allopurinol-

induced ADRs has been observed in the populations aforementioned, with the exception of 

the predisposition to simple rash, as reported by Jung et al. in their study (Wu et al., 2016). 
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Table 2-8 Summary of studies reporting the association of HLA-B*58:01 and allopurinol-induced ADRs (including cADRs and SCARs) worldwide. 

CI: Confidence interval; ADRs: Adverse drug reactions; SCARs: Severe cutaneous adverse drug reactions; cADRs: Cutaneous adverse drug 

reactions; SJS: Stevens-Johnson syndrome; TEN: Toxic epidermal necrolysis (Wu et al., 2016; Chang et al., 2020) 

Study and year Group of patients 

suffering from types 

of ADRs 

Frequency of 

HLA-B*58:01 

allele (%) 

Odds ratio of 

susceptible group vs. the 

allopurinol-tolerant 

group (95% CI) 

p-value Odds ratio of 

susceptible group 

vs. the general 

population (95% CI) 

p-value 

Han Chinese population 

Hung et al.  SCARs 100.0 (51/51) 580.3 (34.4 – 9780.9) 4.7x10-24 393.5 (23.2 – 

6665.26) 

8.1x10-18 

 Allopurinol tolerant 14.8 (20/135) - - - - 

 General population 20.4 (19/93) - - - - 

Cao et al.  cADRs 100.0 (38/38) 580.07 (32.18 – 

10456.80) 

7.01x10-18 471.09 (28.66 – 

7744.39) 

3.15x10-38 

 SCARs 100.0 (16/16) 248.60 (13.48 – 4585.35) 7.40x10-12 201.89 (11.99 – 

3398.49) 

1.82x10-18 

 SJS/TEN 100.0 (13/13) 203.40 (10.93 – 3785.04) 8.24x10-10 165.19 (9.72 – 

2806.13) 

2.10x10-15 

 DRESS 100.0 (3/3) 52.73 (2.47 – 1124.13) 2.00x10-3 42.83 (2.19 – 2.00x10-3 
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836.89) 

 MPE 100.0 (22/22) 339.00 (18.58 – 6186.39) 9.21x10-14 275.31 (16.54 – 

4583.53) 

3.74x10-24 

 Allopurinol tolerant 11.1 (7/63) - - - - 

 General population 14.0 (80/572) - - - - 

Chiu et al.  cADRs 95.0 (19/20) 123.51 (12.8 – 1195.1) 

151.32 (10.8-2115.5) 

1<1x10-4 

2 2x10-4 

- - 

 SCARs 100.0 (19/19) 229.7 (11.7 – 4520.4)  - - - 

 Allopurinol tolerant 13.3 (4/30) - - - - 

Cheng et al.  SCARs 94.6 (87/92) 127.6 (40.8 – 398.6) <1x10-3 154.9 (50.9 – 471.5) <1x10-3 

 Allopurinol tolerant 12.0 (9/75) - - - - 

 General population 10.1 (10/99) - - - - 
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Table 2-8 (continued): Summary of studies reporting the association of HLA-B*58:01 and allopurinol-induced ADRs (including cADRs and SCARs) 

worldwide. CI: Confidence interval; ADRs: Adverse drug reactions; SCARs: Severe cutaneous adverse drug reactions; cADRs: Cutaneous adverse 

drug reactions; SJS: Stevens-Johnson syndrome; TEN: Toxic epidermal necrolysis (Wu et al., 2016; Chang et al., 2020) 

Study and year Group of 

patients 

suffering from 

types of ADRs 

Frequency of HLA-

B*58:01 allele (%) 

Odds ratio of 

susceptible group 

vs. the allopurinol-

tolerant group (95% 

CI) 

p-value Odds ratio of 

susceptible group vs. 

the general population 

(95% CI) 

p-value 

Japanese population 

Kaniwa et al. SJS/TEN 20.0 (4/20) - - 40.83 (10.5 – 158.9) < 1x10-4 

 General 

population 

0.6 (6/986) - - - - 

Tohkin et al. SJS/TEN 27.8 (10/36) - - - - 

 General 

population 

0.6 - - 62.8 (21.2 – 185.8) 5.4x10-12 

Niihara et al. SJS 66.7 (2/3) 65.6 (2.9 – 1497.0) 9.73x10-4 - - 

 cADRs 50.0 (2/4) 26.0 (2.0 – 336.1) - - - 

 Allopurinol 

tolerant  

- - - - - 
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Korean population 

Jung et al.  SCARs 100.0 (9/9) 179.24 (10.19 – 

3151.74) 

< 1x10-3 136.29 (7.79 – 2380.85) < 1x10-3 

 Rash 0.0 (0/7) 0.63 (0.005 – 5.32) 0.9 0.48 (0.03 – 8.67) 0.9 

 Allopurinol 

tolerant 

9.5 (41/432) - - - - 

 General 

population 

12.2 (59/485) - - - - 

Kang et al.  SCARs 92.3 (24/26) 97.8 (18.3 – 521.5) 2.45x10-11 83.0 (19.0 – 361.3) 2.47x10-16 

 SJS/TEN 80.0 (4/5) 34.0 (3.2 – 356.1) 1.60x10-2 28.9 (3.2 – 263.4) 1.00x10-2 

 DIHS 95.2 (20/21) 161.5 (18.2 – 1430.9) 1.45x10-10 137.5 (18.1 – 1046.2)  2.83x10-14 

 Allopurinol 

tolerant 

10.5 (6/57) - - - - 

 General 

population 

12.2 (59/485) - - - - 
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Table 2-8 (continued): Summary of studies reporting the association of HLA-B*58:01 and allopurinol-induced ADRs (including cADRs and SCARs) 

worldwide. CI: Confidence interval; ADRs: Adverse drug reactions; SCARs: Severe cutaneous adverse drug reactions; cADRs: Cutaneous adverse 

drug reactions; SJS: Stevens-Johnson syndrome; TEN: Toxic epidermal necrolysis (Wu et al., 2016; Chang et al., 2020) 

Study and year Group of 

patients 

suffering from 

types of ADRs 

Frequency of HLA-

B*58:01 allele (%) 

Odds ratio of 

susceptible group 

vs. the allopurinol-

tolerant group (95% 

CI) 

p-value Odds ratio of susceptible 

group vs. the general 

population (95% CI) 

p-value 

Thai population 

Tassaneeyakul et al.  SCARs 100.0 (27/27) 348.3 (19.2 – 

6336.9) 

1.61x10-

13 

592.1 (33.1 – 10587.7) 1.00x10-20 

 Allopurinol 

tolerant 

13.0 (7/54) - - -  

 General 

Population 

8.1 (8/99) - - -  - 

Jantararoungtoung et al.  SCARs 92.8 (13/14) 108.33 (11.96 – 

980.82) 

< 10-6 -  - 

 SJS/TEN 100.0 (9/9) 217.26 (12.41 – 

925.35) 

< 10-6 -  - 
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 DRESS 100.0 (3/3) 80.0 (3.42 – 372.87) < 10-6 -  - 

 MPE 50.0 (1/2) - - -  - 

 Allopurinol 

tolerant 

10.7 (6/56) - - -  - 

Sukasem et al.  cADRs 96.7 (29/30) 696.00 (74.81 – 

6475.01) 

< 10-3 257.08 (34.68 – 1905.57)  < 10-3 

 SJS/TEN 100.0 (13/13) 579.00 (29.50 – 

11362.67) 

< 10-3 238.40 (14.08 – 4037.80)  < 10-3 

 DRESS 100.0 (10/10) 430.33 (22.64 – 

8958.88) 

< 10-3 185.42 (10.79 – 3185.84)  < 10-3 

 MPE 85.7 (6/7) 144.00 (13.85 – 

1497.03) 

< 10-3 53.19 (6.35 – 445.85)  < 10-3 

 Allopurinol 

tolerant 

4.0 (4/100) - - -  - 

 General 

population 

10.1 (111/1095) - - -  - 
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Table 2-8 (continued): Summary of studies reporting the association of HLA-B*58:01 and allopurinol-induced ADRs (including cADRs and 

SCARs) worldwide. CI: Confidence interval; ADRs: Adverse drug reactions; SCARs: Severe cutaneous adverse drug reactions; cADRs: Cutaneous 

adverse drug reactions; SJS: Stevens-Johnson syndrome; TEN: Toxic epidermal necrolysis (Wu et al., 2016; Chang et al., 2020) 

Study and year Group of 

patients 

suffering from 

types of ADRs 

Frequency of HLA-

B*58:01 allele (%) 

Odds ratio of 

susceptible group 

vs. the allopurinol-

tolerant group (95% 

CI) 

p-value Odds ratio of susceptible 

group vs. the general 

population (95% CI) 

p-value 

European population 

Lonjou et al.  SJS/TEN 61.0 (19/31) - - 61.0 (32 – 118) < 10-8 

 General 

Population 

1.5 (28/1822) - - -  - 

Cristallo et al.  SCAR 42.8 (3/7) - - 13.625 (2.774 – 69.448)  0.248 

 General 

population 

5.2 (6/115) - - -  - 
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2.3.6.4 Data mining for the presence of HLA-B*58:01 allele in Malaysia 

 

A systematic search was performed on The Allele Frequency Net Database, 

<www.allelefrequencies.net>, which has 134,008 frequencies stored on HLA alleles from a 

total of 10,509,338 individuals (Gonzalez-Galarza et al., 2020). 

A classical allele frequency search was done for the HLA-B*58:01 allele in Malaysia. Data 

was also mined for all other countries to set up an appropriate global background for the 

allele. Using the keywords “HLA-B*58”, “Malaysia”, a focused search was first done for 

these two countries of interest. “HLA-B*58” was used instead of HLA-B*58:01 in order to 

widen the number of hits, frequencies and ethnic groups to be examined, as there are a 

limited amount of studies done in Malaysia. The search for Malaysia specifically yielded 18 

different frequency hits, with 9 hits containing the HLA-B*58:01, as shown in Table 2.9 

below. The sample size varied from a minimum of 25 to 1445 and the HLA-B*58:01 allele 

frequency varied from 14% to 1.9% across all the 16 different Malaysian ethnic groups.  

 

 

 

 

 

 

 

http://www.allelefrequencies.net/
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Table 2-9 Simplified search results from the database for Malaysia HLA-B*58 and HLA-

B*58:01 hits (Gonzalez-Galarza et al., 2020) 

Hit 

Number  

Allele  Ethnic group Percentage 

of 

individuals 

with the 

allele (%) 

Allele 

frequency 

(%) 

Sample 

size 

1 B*58 Negeri Sembilan 

Minangkabau 

- 3.00 34 

2 B*58 Perak and Johor Banjar 

Bugis Jawa 

- 3.20 94 

3 B*58 Perak Rawa - 7.00 23 

4 B*58 Malaysia population 2 - 4.90 62 

5 B*58 Malaysia population 3 - 5.80 1445 

6 B*58 Sabah Kadazan - 6.10 57 

7 B*58 Sarawak Bidayuh - 2.00 50 

8 B*58 Sarawak Iban - 5.90 51 

9 B*58:01 Champa 10.3 5.20 29 

10 B*58:01 Jelebu Temuan - 10.40 25 

11 B*58:01 Kelantan 7.1 3.60 28 

12 B*58:01 Mandailing 3.7 1.90 27 

13 B*58:01 Patani 20.0 10.00 25 

14 B*58:01 Peninsular Chinese 22.2 12.11 194 

15 B*58:01 Peninsular Malay 11.3 5.84 951 

16 B*58:01 Perak Grik Jehai - 6.00 25 

17 B*58:01 Sarawak Bau Bidayuh - 14.00 25 

18 B*58:19 Peninsular Malay 0.1 0.053 951 
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The demographics of Malaysia, with its numerous ethnic groups, adds another level of 

complexity in understanding the role of HLA-B alleles and defining rock solid frequencies. 

The three main ethnic groups are the Malay/Bumiputera making up 68.8% of the 

population, the Chinese comprising of 23.2% and Indians with 7.0% (Negeri, 2015). The 

different ethnic groups in Malaysia can be classified as ethnolinguistic groups, with a total of 

around 27 large groups, as shown in Table 2.10 below (The Joshua Project, 

joshuaproject.net, retrieved 2015). 

Table 2-10 Detailed list of all the ethnolinguistic groups of Malaysia (The Joshua Project, 

joshuaproject.net, retrieved 2015) 

Ethnolingusitic group Population in numbers 

Malay, standard Malaysian 6,916,000 

Malay, Kedah 3,095,000 

Malay, East coast 2,448,000 

Han Chinese, Hokkien 1,903,000 

Tamil 1,796,000 

Han Chinese, Hakka 1,729,000 

Han Chinese, Cantonese 1,396,000 

Han Chinese, Teochew 1,004,000 

Han Chinese, Mandarin 986,000 

Minangkabau 901,000 

Indonesian 796,000 

Iban 686,000 

Javanese 640,000 

Filipino, Tagalog 456,000 

Han Chinese, Hainanese 396,000 

Han Chinese, Northern Min 384,000 

Brunei Malay, Kedayan 350,000 

Malay, East Malaysia 280,000 

Han Chinese, Eastern Min 256,000 

Straits Chinese 244,000 

https://en.wikipedia.org/wiki/Malay_(ethnic_group)
https://en.wikipedia.org/wiki/Malaysian_language
https://en.wikipedia.org/wiki/Kedah_Malay
https://en.wikipedia.org/wiki/Han_Chinese
https://en.wikipedia.org/wiki/Min_Nan
https://en.wikipedia.org/wiki/Tamil_people
https://en.wikipedia.org/wiki/Hakka_people
https://en.wikipedia.org/wiki/Cantonese_people
https://en.wikipedia.org/wiki/Teochew_people
https://en.wikipedia.org/wiki/Mandarin_Chinese
https://en.wikipedia.org/wiki/Minangkabau_people
https://en.wikipedia.org/wiki/Demographics_of_Indonesia#Ethnic_groups
https://en.wikipedia.org/wiki/Iban_people
https://en.wikipedia.org/wiki/Javanese_people
https://en.wikipedia.org/wiki/Filipinos_in_Malaysia
https://en.wikipedia.org/wiki/Tagalog_language
https://en.wikipedia.org/wiki/Qiongwen
https://en.wikipedia.org/wiki/Northern_Min
https://en.wikipedia.org/wiki/Brunei_Malay
https://en.wikipedia.org/wiki/Kedayan
https://en.wikipedia.org/wiki/East_Malaysia
https://en.wikipedia.org/wiki/Eastern_Min
https://en.wikipedia.org/wiki/Straits_Chinese
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Nepalese 224,000 

Tausug 209,000 

Dusun, Central 197,000 

Malayali, Malayalam 170,000 

Bugis, Buginese 139,000 

Lun Bawang/Lundayeh 31,600 

Kelabit people 5,000 

 

Peninsular Malaysia holds around 79% of the whole Malaysian population when compared 

to East Malaysia. The HLA-B*58:01 frequency of 12.11% seen in Table 3 for Peninsular 

Chinese (hit number 14) follows the trend seen for Chinese population from China, shown in 

Table 2.8 from the global profiling section. Peninsular Malays come in second with a HLA-

B*58:01 frequency of 5.84% (hit number 15). No frequency was listed in Table 3 for Indian 

Malaysians, but this should follow the general Indian population, which has a lower HLA-

B*58:01 frequency of around 1.00% as shown in The Allele Frequency Net Database. 

Apart from HLA-B*58:01, a handful of HLA variants have been discovered to be linked with 

the propensity for allopurinol-induced cADRs, namely the HLA-A*33:03 and HLA-C*03:02 

alleles, shown in Table 5. In spite of that, these associations between the alleles 

aforementioned in allopurinol-induced SCARs are highly possible to be brought about by 

linkage disequilibrium (LD) with HLA-B*58:01 (Wu et al., 2016; Chang et al., 2020) 

The link between these three different alleles can be clearly seen with their similar 

percentages in allelic frequency in Table 2.11. These three alleles are said to be in linkage 

disequilibrium , hence showing the importance of screening for all three of them to give a 

better chance at improving screening efficiency. In a future world where HLA allele 

screening will be done routinely, screening for these three alleles before allopurinol 

treatment will only help in improving treatment for patients. 

Methods employed by the seven papers from Table 2.11 are as follows; sequence-specific 

Oligonucleotide probes (SSOP), sequence specific primer (SSP), sequence based typing (SBT). 

These methods are considered outdated nowadays, especially with advances in genetic 

technologies like Sanger sequencing and Next Generation Sequencing. Future studies can 

https://en.wikipedia.org/wiki/Demographics_of_Nepal#Ethnicity
https://en.wikipedia.org/wiki/Taus%C5%ABg_people
https://en.wikipedia.org/wiki/Dusun
https://en.wikipedia.org/wiki/Malayali
https://en.wikipedia.org/wiki/Malayalam
https://en.wikipedia.org/wiki/Bugis
https://en.wikipedia.org/wiki/Buginese_language
https://en.wikipedia.org/wiki/Lun_Bawang
https://en.wikipedia.org/wiki/Kelabit_people
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fully exploit NGS in order to provide higher resolution data and more accurate allelic 

frequencies. 

The data gathered were mostly from anthropology studies, blood donations, bone marrow 

registries and controls from disease studies. There should be future specific studies done on 

gout patients taking allopurinol, with a significant sample size to truly access the role of the 

HLA-B*58:01 allele in all the different ethnic groups in Malaysia. Moreover, patients 

experiencing different levels of ADRs and SCARs need to be identified, along with the culprit 

allele in the majority of cases. The focus should first start on the three major ethnic groups 

in Peninsular Malaysia, followed by all other smaller ethnic groups. In this way, a more 

comprehensive study and analysis will be done on the role of the HLA-B*58:01 allele in the 

Malaysian population (Gonzalez-Galarza et al., 2020). 

Another possible method to help identify at risk population may be to trace the ancestors of 

all the different ethnic groups and classify them in high risk to low risk groups in hospitals. 

One example would be; Malaysian Indians will automatically be classified as a low risk group 

as their gene pool will follow the same trend as their ancestors who have a low HLA-B*58:01 

frequency. However, this method should be used only in initial groupings of patients as 

mixed population will result in different allelic frequencies. Doctors need to further check 

the patient’s medical record to define their ethnic groups properly. This method should be 

used to classify and prioritize patients’ treatment and wellbeing and in no case should lead 

to discrimination amongst the different ethnic groups. With the global approach on 

pharmacogenomics and the increasing association and discovery of HLA allele’s role in ADRs 

and diseases, this type of discrimination will be erased. Patients will be screened for all their 

HLA alleles and be given medicines based on this and their susceptibility to ADRs and SCARs 

for a wide range of diseases. 

Pharmacogenomics shouldn’t be perceived only as the need to do genetic screening before  

drug prescription. It should be considered as an integrated plethora of factors, which will 

each contribute in reducing SCARs/ADRs for any diseases. Understanding and integrating all 

these small factors’ role in diseases and patient treatment will lead to the ultimate 

personalized medicine era. 
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Table 2-11 Full table for all studies mined for the Malaysian population. (SSOP-sequence-specific oligonucleotide probes, SSP-sequence specific 

primer, SBT-sequence based typing) (adapted from Gonzalez-Galarza et al., 2020). 

Study 

number 

 Percentage 

of 

individuals 

with allele 

(%) 

 

Allele 

Frequency 

(%) 

Sample 

Size (n=) 

Ethnicity Ethnic origin Method 

used 

Source 

1 HLA-B*58:01 22.2 12.11 194 Malaysia Peninsular 

Chinese 

 

- SSOP Controls for 

Disease Study HLA-A*33:03 4.1 2.84 

HLA-C*03:02 24.7 12.6290 

3 HLA-A*33:03 7.8 4.1535 951 

 

Malaysia Peninsular 

Malay 

Asian SSOP Control for 

diseases study HLA-B*58:01 11.3 5.8360 

HLA-C*03:02 12.0 6.1514 

4 HLA-A*33:03 - 16.70 25 Malaysia Jelebu 

Temuan 

 

Oriental SSP Anthropology 

study HLA-B*58:01 - 10.40 

 

HLA-C*03:02 - - 

5 HLA-A*33:03 36.0 18.0000 25 Patani Malaysia Austronesian SBT Anthropology 

study HLA-B*58:01 20.0 10.0000 

Alleles 
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6 HLA-A*33 - 3.50 57 Malaysia Sabah 

Kadazan 

 

Austronesian SSP Anthropology 

study HLA-B*58 - 6.10 

HLA-C*03:02 - - 

7 HLA-A*33:03 7.4 3.7000 27 Mandailing 

Malaysia 

 

Austronesian SBT Anthropology 

study HLA-B*58:01 3.7 1.9000 

HLA-C*03:02 - - 

8 HLA-A*33:03 28.6 14.3000 28 Kelantan Malaysia 

 

Austronesian SBT Anthropology 

study HLA-B*58:01 7.1 3.6000 

HLA-C*03:02 - - 

9 HLA-A*33:03 24.1 12.1000 29 Champa Malaysia 

 

Austronesian SBT Anthropology 

study HLA-B*58:01 10.3 5.2000 

HLA-C*03:02 - - 

10 HLA-A*33 - 7.50 94 Malaysia Perak and 

Johor Banjar Burgis 

Jawa 

Oriental SSP Anthropology 

study HLA-B*58 - 3.20 

HLA-C*03 - 17.60 

11 HLA-A*33 - 13.00 23 Malaysia Perak 

rawa 

oriental SSP Anthropology 

study HLA-B*58:01 - 7.00 

HLA-C*03:02 - 30.00 

 

12 HLA-A*33 - 12.90 1445 Malaysia Pop 3 austronesian SSP Bone marrow 
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HLA-B*58 - 5.80 registry 

HLA-C*03 - - 

13 HLA-A*33 - 4.90 

 

51 Malaysia Sarawak 

Iban 

austronesian SSP Anthropology 

study 

HLA-B*58 - 5.90 

HLA-C*03 - - 

14 HLA-A*33 - 4.00 

 

50 Malaysia Sarawak 

Bidayuh 

 

austronesian SSP anthropology 

HLA-B*58:01 - 2.00 

HLA-C*03:02 - - 

15 HLA-A*33:03 - 12.00 25 Malaysia Sarawak 

Bau Bidayuh 

 

austronesian SSP anthropology 

HLA-B*58:01 - 14.00 

HLA-C*03:02 - - 

16 HLA-A*33:03 - 8.00 25 Malaysia Perak Grik 

Jehai 

 

oriental SSP anthropology 

HLA-B*58:01 - 6.00 

HLA-C*03:02 - - 
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2.4 Existing methods for HLA allele screening 

 

2.4.1 General HLA allele screening methods  

The first method in history to identify HLA alleles was devised in 1964, where lymphocytes 

are used to perform serological testing also known as lymphocytotoxicity. This technique 

uses the high expression of HLA antigens on lymphocytes to type for HLA Class I and II 

antigens. However, due to its disadvantageous cross-reactivity and limited number of 

antibodies, this method gave way to newer DNA centred techniques. Serological typing is 

labour intensive, with a high complexity and low resolving power where HLA-B alleles can 

have the same serological specificity (Shankarkumar, 2004). 

A type of Mixed lymphocyte culture (MLC) was also developed, where the culturing of 

lymphocytes from two people led to a wider range of foreign HLA antigens being identified. 

Molecular genetic methods saw the light in 1989 with Restriction Fragment Length 

Polymorphism (RFLP) which uses enzymes to cut DNA sequences at specific DNA locations. 

This will generate different fragment sizes for different alleles cut by the same enzyme. RFLP 

has been long abandoned as it is slow, inefficient and needs a large amount of DNA. The 

Polymerase Chain Reaction (PCR) allows a specific part of any DNA sequence to be targeted, 

amplified and analysed. Sequence specific priming (SSP), a PCR-based method, allows 

amplification of DNA with specific primers which are complementary to distinct HLA alleles 

or antigens. Another PCR-based method named Sequence Specific Oligonucleotide Typing 

(SSO) amplifies a whole gene which is latter mixed with radioactive labelled probes specific 

to particular HLA antigens. SSOP and SSP require a high amount of reagents in numerous 

reactions and these methods can be hindered by the high level of sequence homology in 

class I genes. Detection of new variants by SSOP is restricted to alleles formed by one 

combination event, whilst SSP can only detect variants in cis conformation compared to 

primers used. A loop-mediated isothermal amplification (LAMP) experiment can be used to 

identify HLA alleles, but the latter lacks in specificity compared to a standard or multiplex 

PCR. The gold standard for HLA typing is DNA sequencing, but it is too time consuming, 

especially when immediate results are needed in hospitals for subsequent prescriptions. 

(Choo et al., 2007).
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2.4.2 HLA-B*58:01 specific screening methods  

 

A handful of specific HLA-B*58:01 screening methods and kits have been produced globally 

in the last decade. Real-time PCR has emerged as the new promising method in order to 

rapidly and quickly screen for the presence of HLA-B alleles in patients. Commercially 

available PCR-based methods, such as PCR-SSP, PCR-SSOP and PCR-SBT, are conventional 

tools for multiple HLA alleles typing as shown in Table 2.12 below. Laborious operation, 

large capital costs for equipment, long turn-round time and easy contamination in post-PCR 

handling hamper the wide application of these aforementioned methods in clinical settings 

(Choo et al., 2007). 

Table 2-12 Existing HLA-B*58:01 screening methods with their specific machines/kit used, 

cost, run time and type of analysis required. 

HLA-B*58:01 

Screening Method 

Machine/kit used Cost 

per 

sample 

(USD $) 

Run time 

and 

results 

output  

Analysis 

required 

Referenc

e 

Single-tube duplex 

real-time PCR 

assay 

ViiATM 7 real-

time PCR 

instrument 

$ 1.5 

 

~2-3 hrs ViiATM 7 

machine 

software 

analysis 

Kang et 

al. 2016 

PG5801 DNA 

detection kit 

Real-Time PCR 

machine 

$ 15 ~3-4 hrs Ct analysis Ko et al. 

2015 

Loop-mediated 

isothermal 

amplification 

(LAMP) 

Thermal cycler 

 

$  6.4 

 

~2 hrs 

 

Visualization of 

results 

Kwok & 

Kwong, 

2013 

 

SSO Thermal cycler 

 

$  32 

 

~5 hrs 10 

mins 

 

Visualization of 

results 

Kwok & 

Kwong, 

2013 
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SSP Thermal cycler $  38.5 

 

~2-3 hrs Visualization of 

results 

Kwok & 

Kwong, 

2013 

 

SYBR Green Real 

Time PCR 

Thermal cycler $  3.8 ~1 hr 5 

mins 

Rotor gene v6 

software Qiagen 

 

(Nguyen 

et al., 

2017 

TaqMan assay ABI 7500 real-

time PCR system 

(Applied 

Biosystems, USA). 

$  2.0 ~2 hr 35 

min 

Measuring 

fluorescence 

Zhang et 

al. , 2004 

Dna BINDING Dye-

based Duplex 

Allele-specific 

Melting Curve 

Analysis 

CFX96 Touch Real 

time PCR 

detection system  

(Biorad) 

$  1.25 ~2hrs 

mins 

Visualization/qu

alitative results 

Huh et al. 

2018 

 

 

Kang et al. performed genotyping of HLA-B*58:01 in four different, healthy Chinese 

populations (n=349) and was 100% validated by sequence-based typing (SBT). The single-

tube duplex real-time PCR assay developed combined sequence-specific primers and a 

TaqMan probe, in order to increase the specificity of differentiating between the HLA-

B*58:01 allele and other homologous allele. The latter has a cost of $1.5, a run time of 1 

hour for 96 samples and analysis was done on its system itself. Another good point from this 

method is the use of three DNA standards, with two HLA-B*58:01 positive (homozygote and 

heterozygote) and one HLA-B*58:01 DNA negative sample. Furthermore, the target and 

reference gene was amplified together in one tube, compared to Zhang et al’s method 

described below. This study is an upgrade from Zhang et al’s method, in terms of number of 

tubes and primers. However, despite all the precautions, other HLA-B alleles such as 57:05, 

58:05, 58:13, 58:24. 58:31 and 58:40 were still amplified (Kang et al., 2016). 



122 
 

Ko et al. screened for HLA-B*58:01 for 6 years in Taiwanese people of Han Chinese descent 

(n=2910), who had not taken allopurinol yet and completely prevented SCARs from 

happening. The PG5801 DNA detection kit was developed by Pharmigene in Taiwan and is 

based on a real-time PCR method. It has a cost of around USD15 per test, an assay run time 

of 2 hours and results in this study were verified by reverse line blot with an HLA sequence 

oligonucleotide. However, this method used only the cycle threshold values (Ct) analysis to 

interpret the final results and thus can be deemed inadequate. Relying only on Ct values is 

quite risky for the screening of HLA-B alleles, which have highly similar DNA sequences and 

high polymorphism (Ko et al., 2015). 

Kwok and Kwong developed a loop-mediated isothermal amplification (LAMP) assay to 

detect the HLA-B*58:01 allele, by targeting exons 2 and 3. Twenty gout samples, with 

known genotype (HLA-B*58:01 positive) were used for the LAMP assay and results were 

compared to a clinical genotyping method. However, this method has a higher cost, along 

with complicated primer design and result visualization by experts. LAMP assay has a lower 

cost and run time compared to the conventional SSO and SSP methods as shown in Table 

2.12 above (Kwok & Kwong, 2013). 

Nguyen et al. used a SYBR green real-time PCR method to screen for the HLA-B*58:01 allele 

in 119 samples. This method’s sensitivity, specificity, positive predictive value and negative 

predictive value were all 100% and results were compared to Luminex SSO/SBT/SSP. The 

region between exon 2 and 3 was targeted and a housekeeping gene actin (ACTB) was used 

as internal control. Detection of HLA-B*58:01 was based on double peaks for positive 

samples (91.26C and 80.97C) and a single peak (81.42C) for negative samples. This 

method was used by the Korean authors Huh et al. as shown below (Huh et al., 2018). 

Authors proved that it was more accurate to detect the HLA-B*58:01 allele by using the melt 

curve, rather than Ct values or agarose gel visualization. Moreover, this qualitative method 

had a low cost of USD $3.8, lower DNA detection limit of 0.8 ng/µl and a run time of around 

an hour as shown in Table 2.12 above (Nguyen et al., 2017). 

Zhang et al. screened for the HLA-B*58:01 allele by combining specific primers and TaqMan 

probes in a TaqMan assay. Primers had a mismatch introduced for better allelic 

discrimination, along with two probes targeting exon 2 and intron 2 regions. Samples 

included allopurinol-induced SCARs (48), allopurinol-tolerant (133) and healthy individuals 
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(280). However, this reaction used two different tubes and primers cannot distinguish HLA-

B*58:01 from HLA-B*57:05 and 22 other HLA-B*58 alleles (B*58:04, B*58:05, B*58:09, 

B*58:11, B*58:12, B*58:13, B*58:15, B*58:17, B*58:19, B*58:21, B*58:22, B*58:23, 

B*58:24, B*58:28, B*58:31N, B*58:33, B*58:34, B*58:35, B*58:36, B*58:37, B*58:39N, and 

B*58:40). This may cause non-specific and false positive results, even though these alleles 

are considered to be rare in Asian populations (Zhang et al. , 2004). 

Ji et al. developed a DNA binding dye-based duplex allele-specific melting curve analysis 

method, which costs around USD 1.25 and has an assay run time of around 1 hour 15 

minutes. Primers used had a mismatch which allowed them to identify positive samples 

(generates 2 peaks) as well as negative samples (one peak). The BRAF gene, a proto-

oncogene for the B-Raf protein governing cell growth, was used as internal control. 150 

total samples were used and results were compared against SBT results. However, authors 

used previously genotyped samples from umbilical cord blood samples, showing that there 

was no link to allopurinol use, SCARs presence and gout. Primers used could not 

discriminate the HLA-B*58:01 allele from the HLA-B*58:02, HLA-B*58:31N and HLA-

B*58:76, three alleles that are in linkage disequilibrium with the HLA-B*58:01 allele (Huh et 

al., 2018). 

Real-time PCR has therefore emerged as an important tool for HLA-B*58:01 genotyping 

because of its rapidity, sensitivity and flexibility of use (Kang et al. 2016). However, due to 

the high polymorphism and linkage disequilibrium, it is very important to design a method 

which checks all generated data, not only Ct values or number of peaks seen at specific 

temperatures. A more specific way of making sure the real-time PCR method works, would 

be to use all of the aforementioned results and check any pattern seen. The most important 

part is to have specific primers, identifying only the HLA-B*58:01 allele by using SNPs, so as 

to avoid the presence of any other closely related HLA-B alleles.  

The few HLA laboratory diagnostic tests available in Malaysia are very costly and time-

consuming for clinical settings. The laboratory turn-around time (LTAT) of HLA Typing (Class 

I and II) for disease association test in the Institute for Medical Research (IMR) is 10 working 

days (Chong et al., 2018).The LTAT is calculated from a day after a sample received until the 

report is sent out to hospital (in working days). According to the Laboratory Service Guide 

from Department of Diagnostic Laboratory Services Universiti Kebangsaan Malaysia Medical 
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Centre, the LTAT is equal to 15 working days (Chong et al., 2018). Meanwhile, the LTAT of 

Pathology Service in the Hospital Ampang is 30 working days.The guidebook of Immunology 

Lab Service from the Hospital Universiti Sains Malaysia states that the LTAT for the test is 

120 days (Chong et al., 2018). This causes a serious problem for patients who require 

immediate treatment and drug prescription in Malaysia. 

The efficacy of pharmacogenetic testing highly depends on numerous factors such as 

sensitivity, specificity, accuracy, reproducibility and simplicity of testing. All these factors 

must be present in any pharmacogenetic screening method in order to fully exploit the 

latter’s advantages and feasibility. The current laboratory tests available in Malaysia do not 

meet these required standards. Hence, the need arises for a screening method which can 

combine the use of real-time PCR, melt curve reading, Ct value use and peaks analysis as 

aforementioned.  
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2.5 Cost-effectiveness analysis of HLA-B*58:01 screening 

 

2.5.1 Introduction 

An important factor to consider before developing a screening method, is its probable cost-

effectiveness in a specific country. This will thus be a guide for the acceptance and 

implementation of HLA-B*58:01 screening in a country. Cost-effective analysis (CEA) of HLA-

B*58:01 screening was done in numerous countries and still remains debateable to this day. 

All the countries with an established HLA-B*58:01-allopurinol association and with 

screening possibilities showed that screening before drug prescription was cost-effective. 

HLA-B*58:01 screening has been recommended by the FDA, American College of 

Rheumatology and other countries.   

Specific HLA-B*58:01 CEA studies were analysed from Korea, Taiwan, Thailand, UK, USA, 

Singapore and Malaysia in this section. Positive results were obtained in Korea, Taiwan, 

Thailand and for two ethnic groups in the USA. Negative results were reported in the UK, 

Singapore and Malaysia, but variation of a few factors could always change the results to be 

positive. However, common points for all the aforementioned studies are the lack of 

randomized controlled trials (RCTs) and large scale studies to confirm the HLA-B*58:01 

frequency in countries. More extensive studies are needed before CEA can be used as a final 

guide for the implementation of HLA-B*58:01 screening. There was a similar debate for the 

implementation of HLA-B*15:02 and HLA-B*57:01 alleles initially, which led to their initial 

implementation for vulnerable groups over the years. Cost-effectiveness findings are 

sensitive to a number of factors, including medical care cost of gout management, incidence 

of allopurinol-induced SJS/TEN, probability of death with SJS/ TEN, HLA-B*58:01 frequency 

and cost of genetic testing (Saokaew et al., 2014). A slight fluctuation of one factor can turn 

a positive result into a negative one and vice versa. The two most important factors are the 

HLA-B*58:01 frequency and cost of genetic testing. A higher HLA-B*58:01 frequency in a 

specific ethnic group always favoured overall testing in any country. Cost of testing plays a 

big part in CEA and can lead to genotyping rejection or use in a country. In cases where the 
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government subsidized the genotyping cost or where the cost was low, it was automatically 

used for all gout patients.  

2.5.2 Positive CEA studies 

Park et al. published a twelve month study on the CEA of HLA-B*58:01 genotyping on gout 

patients with chronic renal insufficiency (CRI) in Korea. Korea has a HLA-B*58:01 frequency 

of 12.2% with a SCARs incidence of 18% in positive HLA-B*58:01 CRI patients and a mortality 

rate of 27% in the base case scenario (Park et al., 2015).  The CEA showed robust results 

where genotyping guided treatment was both cheaper and decreased the frequency of 

SCARs and deaths. The normal allopurinol therapy had a cost of $1193, while HLA-B*58:01 

genotyping cost was $1055 in this CEA. The probability of SCARs and death rate were 2.19% 

and 0.59% in conventional treatment and 0% for both in genotyping. The only way to negate 

the genotyping based treatment is if the prevalence of HLA-B*58:01 decreased to 3.18% 

(Park et al., 2015). Five difference sensitivity analyses were performed where different 

factors were decreased, starting with HLA-B*58:01 prevalence, SCARs incidence, death rate, 

cost of hospital admission and death rate and a combination of all above scenarios. All of 

latter were cost-effective, except the fifth scenario. Therefore, this study shows that for CRI 

and other at-risk patients, HLA-B*58:01 genotyping can be cost effective and feasible, 

especially with cheaper testing methods (Park et al., 2015). 

Ke et al. used a decision-analytical model to compare direct medical costs and effectiveness, 

including lifetime saved and quality-adjusted life years (QALY) gained in treating new 

patients. A 1-year time frame and third-party payer perspective were modelled for both the 

entire cohort (base-case) and for the subgroup of patients with chronic kidney disease 

(CKD). Four treatment options were used, starting with genotyping and allopurinol use for 

HLA-B*58:01 non-carriers, universal benzbromarone, febuxostat and allopurinol use. The 

Taiwan Food and Drug Administration has suggested HLA-B*58:01 screening for patients 

before prescribing allopurinol since 2009 (Ke et al., 2017). The incremental cost-

effectiveness ratio (ICER) of genetic screening prior to therapy was estimated as US 

$7508/QALY gained in the base-case cohort and was US $7390/QALY for CKD patients. The 

ICER/QALY of genetic screening prior to gout therapy remained lower than the World Health 

Organization WTP threshold of US$22,635–67,905. Based on HLA-B*58:01 population 

frequency (18%) and incidence of allopurinol-related SCAR (2.2/1000 persons), authors 
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showed that 461 patients needed to be tested to prevent 1 SCAR case. According to the 

aforementioned incidence, the ICER of HLA-B*58:01 screening was lower than for the base-

case cohort compared with the same alterative treatment strategies. Hence, HLA-B*58:01 

screening gave good value for money in preventing allopurinol-induced SCAR in Taiwan (Ke 

et al., 2017). 

Saokaew et al. used a decision analytical and Markov model to estimate life time costs and 

outcomes (as QALYs gained) in a societal perspective in Thailand. Input data were obtained 

from the literature and a retrospective database analysis. A base-case analysis was 

performed for patients at age 30. A series of sensitivity analyses including scenario, one-

way, and probabilistic sensitivity analyses were performed. The overall odds ratio of the 

association of the HLA-B*58:01 gene and allopurinol-induced SJS/TEN in Thai was based on 

a meta-analysis study as 348. Moreover, this study was conducted in accordance with the 

Pharmacoeconomic guideline in Thailand (Saokaew et al., 2014). Probenecid was used as 

the alternative to allopurinol as febuxostat was not available in Thailand. Benzbromarone is 

another alternative drug with mild/moderate renal complication and possible hepatoxicity. 

In the base-case analysis, HLA-B*5801 genotyping before allopurinol administration 

decreased the incidence of SJS/TEN to 1.57 cases per 1,000 exposures, and decreased the 

death incidence to 0.18 cases per 1,000 exposures. Based on a hypothetical cohort of 1,000 

patients, the incremental total cost was USD 29,804 and incremental QALY was 5.89 with an 

ICER of USD 5,062 per QALY gained. HLA-B*58:01 genotyping before allopurinol use is thus 

cost-effective based on a standard threshold of USD 5,161 per QALY gained in Thailand (year 

2013). The uncertainty in medical care cost of gout management, incidences of allopurinol-

induced SJS/TEN, discount rate, and probability of death with SJS/TEN in Thai population 

had the largest influence on the ICER. An increase in ICER/QALY gained was seen when 

benzobromarone (cost/tab: USD 0.224) was changed to probenecid (cost/tab: USD 0.056) 

and with an increase in age (from 25 to 50 years old). In the probabilistic sensitivity analysis, 

genetic testing increased both costs and QALY in all iterations. At the threshold of USD 5,161 

per QALY gained, 49.4% of the iterations were cost-effective The genetic testing for HLA-

B*58:01 before allopurinol administration is considered a highly potential cost- effective 

intervention in Thailand. Future studies are still required in Thailand with cheaper and all-in-

one testing kits for HLA-B*58:01, HLA-B*15:02 and others alleles. The kits for multiple allele 
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testing will definitely have better cost-effectiveness value due to its broader range of 

benefits (Saokaew et al., 2014). 

 

2.5.3 Negative CEA studies 

 

Plumpton et al. combined a systematic review and meta-analysis to make a decision analytic 

and Markov model to estimate lifetime costs and outcomes associated with genotyping 

prior to allopurinol initiation (febuxostat for positive patients) (Plumpton et al., 2017). The 

number of patients needed to test to prevent one case of adverse drug reaction was 11286. 

Cost and QALY gains were small, £103 and 0.0023, respectively, resulting in an ICER of 

£44954 per QALY gained. The probability of testing being cost-effective at a threshold of 

£30000 per QALY was 0.25. Reduced costs of testing or febuxostat resulted in an ICER below 

£30000 per QALY gained. Testing remained not cost-effective with an ICER of £38478 per 

QALY gained for patients with CRI (Plumpton et al., 2017). 

Structural sensitivity analysis showed that the sensitivity of the ICER was mostly influenced 

by febuxostat’s efficacy and genotyping cost. The probabilities of genotyping being cost 

effective at ceiling ratios of £20000 and £30000 per QALY are 0.05 and 0.25, respectively. 

Scenario analyses showed that genotyping will become cost-effective at a reduced cost of ≤ 

£21 per patient and availability of a cheaper generic febuxostat. HLA-B*58:01 testing is 

unlikely to be cost-effective in the UK; however testing is expected to become cost-effective 

with reductions in the cost of genotyping, and with the future avail- ability of cheaper, 

generic febuxostat (Plumpton et al., 2017). 
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Jutkowitzet al. evaluated the cost-effectiveness of HLA-B*58:01 testing according to the 

different ethnicities in the USA; the Caucasians, Hispanics, African Americans and Asians. 

Costs, QALYs and ICERs were estimated over a lifetime. HLA-B*58:01 negative patients were 

given allopurinol and HLA-B*58:01 positive patients febuxostat. Prevalence of HLA-B*58:01 

was lower in Caucasians and Hispanics (0.7%) and higher in Asians (7.4%) and African 

Americans (3.8%) (Jutkowitzet al., 2017). Universal HLA-B*58:01 testing was more costly and 

more effective for all ethnicities, compared to no testing, along with varying ICERs across 

ethnicities. Based on their HLA-B*58:01 prevalence, CEA was positive for African Americans 

(ICER $ 83,450) and Asians (ICER $ 64,190) but negative for Caucasians and Hispanics (ICER $ 

183, 720), based on a WTP threshold of $109,000/QALY.  All results were robust in one-way 

sensitivity analyses with varied parameters, except in the case of halving the SJS/TEN risk 

and varying the cost of febuxostat. The same conclusions were obtained when AHS risk, 

febuxostat cost, cost of SJS/TEN and long term complications were varied. Two-way 

sensitivity analysis showed that a slight change in HLA-B*58:01 prevalence and testing cost 

(base-case value $ 129) impacted the ICER greatly. An increase in HLA-B*58:01 prevalence 

caused a decrease in the ICER of testing. In the base-case, universal testing was cost-

effective, with a HLA-B*58:01 prevalence more than 1.6% and a WTP of $109,000/QALY. 

Testing cost needs to be less than $52 to be cost-effective in Caucasians and Hispanics 

(Jutkowitzet al., 2017). 

The probability sensitivity analysis showed that a WTP of $109,000/QALY testing was cost-

effective in 9%, 77% and 88% of simulations for Caucasians/Hispanics, African Americans 

and Asians respectively. HLA-B*58:01 frequency varies within the same race by geographic 

regions, such as a 3.8% frequency in African Americans, but a greater frequency of 7% to 

10% in Black Kenyans. However, the final decision to screen for HLA-B*58:01 applies in both 

populations.  Thus, HLA-B*58:01 testing was cost-effective only for Asians and African 

American in the USA. 
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2.5.4 CEA in Malaysia 

 

Chong et al. performed a thorough cost-effectiveness analysis on the use of HLA-B*58:01 

screening before use of allopurinol in the Malaysian population. The final conclusion stated 

that HLA-B*58:01 screening before allopurinol prescription will not be cost-effective. This 

was emphasized mainly through a probability of 99.9% of the current practice being cost-

effective at a threshold of USD 8695 per QALY compared to HLA-B*58:01 screening (0.1%) 

and probenecid (0%). Both HLA-B*58:01 screening and probenecid prescribing were 

dominated by current practice, with 0.252 QALYs loss/patient at an additional cost of USD 

322 and 1.928 QALYs loss/patient at an additional cost of USD 2203, respectively. This is 

because of the low incidence of allopurinol-induced SJS/ TEN in Malaysia and the lower 

efficacy of probenecid compared with allopurinol in gout control (Chong et al., 2018). 

This CEA adopted a societal perspective with a lifetime horizon, along with a decision tree 

model and Markov models for cost and outcome estimation, on a hypothetical patient 

cohort of 10,000. Three treatment strategies were used, universal allopurinol use, HLA-

B*58:01 screening before allopurinol initiation and probenecid use without screening. The 

model was populated with data from literature review, meta- analysis, and published 

government documents. Cost values were adjusted for the year 2016 (discounted at 3% per 

annum) and a series of sensitivity analysis including probabilistic sensitivity analysis were 

done. However, numerous factors and conditions used in this CEA contradicted the CEA 

from Singapore and other aforementioned countries. Due to the lack of Malaysian HLA-

B*58:01 studies, this CEA might greatly underestimate the need of screening. The conflicting 

result in this study might be a result of the limited HLA-B*58:01 studies done in Malaysia 

and the limited amount of affordable screening methods. The allelic frequency of the HLA-

B*58:01 allele in Malaysia has also not been properly established due to little or no 

statistically significant sample size studies. This study only looked at SJS/TEN and left out 

DRESS, FDE, AHS and the whole range of side effects associated with allopurinol 

hypersensitivity. All other factors, such as renal function, lifestyle and dietary intake, were 

assumed to be normal. This does not portray the real-life scenario of Malaysian gout 

patients who have suboptimal lifestyles, dietary habits, low compliance to drugs and high 

comorbidity (Chong et al., 2018).  
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This study uses the positive predictive value of 1.52%, from a HLA-B*58:01 test done in 

Taiwan only on Han Chinese patients, as a reference. This is not representative of the 

Malaysian population where the multi-ethnic population is made up of Malays (68.8%), 

Chinese (23.2%), Indians (7.0%) and other aboriginal groups still not properly quantified yet 

(Negeri, 2015). 

The main alternative drug used for this cost-effective analysis study was probenecid, which 

is less effective compared to Febuxostat. Probenecid has several disadvantages, such as 

kidney stones formation, hepatotoxicity, increased gout attack frequency, it is not used 

during sudden/severe gout attacks and may worsen a patient’s condition. All these reasons 

show that probenecid is not the best primary drug to be used as a comparison for a 

Malaysian population (Chong et al., 2018). The specific type of HLA-B*58:01 genetic 

screening and its cost were also not mentioned in this CEA. There are numerous affordable 

screening methods which have been developed nowadays and the choice of screening 

method can definitely impact on the final cost-effectiveness analysis. Aforementioned CEA 

papers specifically emphasized that price of HLA-B*58:01 testing constitutes a great part of 

the CEA in any country.  

Moreover, the full cost of various SJS/TEN sequelae on patients were not calculated and 

added. Sequelae can be quite severe, with lifetime treatments involved. This study only 

mentioned a 40.6% chance of developing ocular sequelae. The full range of sequelae from 

SJS/TEN patients include more than 10 different types of them, as aforementioned. 

Comorbidities were also not mentioned in this study, along with other risk factors affecting 

gout patients and subsequent treatment. An SJS/TEN case already costs ten times more 

than the first year of gout treatment, showing how it impacts patients’ treatment 

expenditure. Avoiding SCARs altogether by screening for the HLA-B*58:01 allele will only 

cost a fraction of that amount and save patients from all those severe sequelae. Base case 

analyses results show that the incidence of SJS/TEN was reduced from 20 cases to 2 cases 

per 10,000 patients. This number becomes more significant when considering a greater 

number of gout patients. 180 lives will thus be saved for 100,000 gout patients. Sensitivity 

analysis shows that febuxostat use worsens QALY loss per patient and is more than six times 

more costly in terms of additional cost, compared to HLA-B*58:01 screening before 

allopurinol. Hence this shows that HLA-B*58:01 screening is better than febuxostat use, 
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which is the next best drug available to properly control uric acid level in gout patients 

nowadays (Chong et al., 2018). This analysis showed that HLA-B*58:01 genetic testing 

before allopurinol initiation is unlikely to be a cost-effective intervention in Malaysia. 

However, this decision might still change when other factors/conditions are varied and with 

more future HLA-B*58:01 studies in Malaysia (Chong et al., 2018). 
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2.6 New approach: The High Resolution Melt (HRM) method 

 

2.6.1 Introduction 

 

The High resolution melt (HRM) method was introduced in 2002 and its use has been 

proven in genotyping and single nucleotide polymorphism (SNP) scanning, to name a few 

methods. This method is shown to overcome all the shortcomings of previous HLA typing 

and screening methods by being rapid, simple, cheap and accurate. Studies also shows its 

use in diagnosis of mutated genes in human diseases and in assessment of DNA methylation 

and microsatellite presence (Reed, 2007). 

With the recent advances in technology offering better double-stranded DNA (dsDNA) 

binding dyes and advanced real-time PCR machines and analysis, HRM is now easier and 

more accessible to people. HRM can be used to differentiate between different DNA 

sequences based on factors such as their GC composition, length and DNA complementarity. 

HRM is used to identify genetic variations in DNA sequences by using the PCR melting curve 

method. It starts with an optimised PCR amplification of a precise DNA region with specific 

primers designed. The reaction mix contains the dsDNA-binding dye which fluoresces highly 

in the dsDNA-bound state and will have a 1000-fold decreased fluorescence level in the 

unbound state, i.e. single stranded DNA (ssDNA) state. The high resolution melting step then 

occurs, where the PCR machine’s optical system efficiently captures a large amount of 

fluorescence data per small changes in temperature. As the PCR steps are running, the 

dsDNA strands denature into ssDNA strands (Figure 2.21), emits decreased fluorescence 

which is captured and generates a melting curve profile specific to the amplicon. Each DNA 

sequence is unique, and will thus generate a unique melt curve (Reed, 2007). 

During HRM, temperature is increased in short increments of 0.008-0.2C allowing detailed 

melting curve generation and analysis where a single base change (G to A) is detected easily 

in otherwise identical DNA sequences. HRM thus monitors the denaturation of dsDNA 

samples in real-time by using the intercalating dyes. The optical system in the HRM machine 

watches this whole process of DNA denaturation to single strands and generates a detailed 

melting profile to match the sample’s detailed DNA sequence. The melt curve profiles will 
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change according to the length, GC percentage and the heterozygosity. Melting curve 

profiles will generate valuable data required for genotyping, screening of mutations and for 

methylation. HRM screening uses the detailed melting profile of a positive control as 

reference and screens numerous samples alongside in one run. Any sample which 

completely matches the melting profile for the positive control shows presence of the 

desired allele. Similarly, HRM can detect a small mutation with a difference of a fraction of a 

degree due to its high resolution and accurately translate this mutation observed into a 

change in melt curve shape or a shift of the whole melt profile. Moreover, homozygous 

variants can be identified by a temperature shit of the melt curve and heterozygotes will 

show a change in the melt curve’s shape itself compared to the wild-type. Thus the HRM 

method can detect base-pair mismatching caused by destabilised heteroduplex annealing 

between wild-type and variant strands (Reed, 2007). 
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Figure 2-20 The characteristic HRM melting profile principle where an increase in 

temperature causes the denaturation of dsDNA to ssDNA. Fluorescence is shown to be 

inversely proportional to temperature rise as per the HRM principle. Figure A shows the 

original fluorescence data, while figure B shows the derived normalized melt curve after 

background fluorescence subtraction (Reed, 2007). 

 

HRM profiles can be analysed in 2 ways. Firstly, melt curves generated with the same shape 

but different melting points(Tm) each allow the differentiation of variant homozygous 

samples compared to a wild-type DNA sequence or a positive control. The difference in Tm is 

seen due to the DNA sequence variation in different samples compared to the reference 

DNA sequence used. The greatest change in fluorescence level will be seen at the Tm of the 

product. The Tm is the point in a melt curve where 50% of DNA is in the dsDNA form and the 
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other 50% in the ssDNA form (Reed, 2007). Secondly, distinct melt curves from the 

homozygote melt profile generated are caused by base-pairing discrepancies in the PCR 

reactions. Analysis of the HRM results does not need any post-PCR experiments such as gel 

electrophoresis. The software will rapidly generate easy amplification, normalized and 

difference melting profiles after the run (Reed, 2007). 

This method uses a closed-tube system which decreases possibilities of errors and 

contamination. Moreover, the reaction cost is cheaper compared to other screening 

methods for genetic variations. The HRM method is very sensitive as changes in single 

nucleotides are detected and portrayed in the melting curves generated. Thus screening for 

a specific allele can be done by simply comparing DNA melt curves of an unknown sample to 

a wild-type of positive control reference sample. Similar melting curves would indicate the 

same DNA sequence in two samples while different melting curves would indicate the 

contrary. With an optimised HRM method, numerous samples can be screened for the 

presence of the HLA-B*58:01 allele in a maximum of 1 hour and 30 minutes. The HRM  

method thus generates results faster than any screening/typing methods in history. DNA 

source can be obtained from blood, buccal cells or saliva. This method has been proven to 

have a 90-100% sensitivity with easy detections of low-level mutations, nucleotide 

substitution, insertion and deletions. The HRM method has been widely used for donor 

matching in organ transplantation, cancer research and genetic disease identification. The 

HRM technique is thus shown to be very cost-effective due to its simplicity, minimum 

reagents required and its rapid run and results generation (Reed, 2007). 
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2.6.2 HLA screening by the HRM method 

 

In a pioneering study in 2004, Zhou et al. established HRM typing for HLA-A alleles by 

targeting its exon 2 and 3 and suggested that this method be can be used as a rapid, 

inexpensive screen before transplantation. Because of the strong linkage between various 

HLA loci, HLA haplotypes are inherited as a block over 98% of the time. This study combined 

nested PCR to improve sensitivity and specificity, followed by HRM melting curve analysis in 

less than an hour. The percentage of heteroduplexes and homoduplexes after PCR and their 

melting temperatures (Tm) determine the melting curves’ shape. The Tm of each 

heteroduplex depends on the number of nucleotide mismatches and what the specific 

mismatches are. Six genotypes were screened (A*01:01, A*0201, A*0301, A*2402, A*2602, 

and A*3301) in all combinations, along with homoduplex and heteroduplex Tm estimation. 

The genotype inheritance was also established, along with HLA-A identity among siblings 

(Zhou et al., 2004). 

HLA-B27 is strongly associated with the disease ankylosing spondylitis and is of diagnostic 

value because 90% of patients with ankylosing spondylitis have the B27 antigen. Two 

commonly used HLA-B27 flow cytometric assays are commercially available.  Seipp et al. 

designed an allele-specific PCR melting assay for HLA-B27 and compared it with two 

available antigen assays on 371 clinical samples. The accuracy of the assays was measured 

by receiver operating characteristic analysis using the PCR method and sequencing as the 

reference standard.  Using DNA sequencing as the gold standard, the sensitivity and 

specificity of PCR were 99.6% and 100%, those of the best single antigen assay were 98.2 

and 97.6, and those of a reflex combination of both antigen assays were 98.8 and 97.6. 

Thus, the allele-specific PCR melting assay for HLA-B27 genotyping is easy to perform and 

has better sensitivity and specificity than antigen assays (Seipp et al., 2005). 

Imperiali et al. designed and developed an easy, fast, and inexpensive HRM assay to detect 

HLA-B*51, the strongest known genetic risk factor for Behçet disease. Results were mostly 

qualitative, with the presence of double peaks in the melting curve for positive samples and 

internal control presence, while negative samples showed only one peak for the internal 

control.  This HRM assay genotyped 61 samples and confirmed the results by conventional 

PCR and gel electrophoresis. The HRM evaluated had 100% of specificity, sensibility, and 
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repeatability, and 0% of false positive and false negative rates. Therefore, this HRM analysis 

is easily applicable to the rapid detection of HLA-B*51, exhibits a high speed, and requires a 

very low budget (Imperiali et al., 2015). Cui et al. developed a HRM method for the 

genotyping of at risk HLA-DQA1 and PLA2R1 alleles, which are linked to idiopathic 

membranous nephropathy (IMN). The SNPs rs2187668 and rs46643308, from the two 

alleles, were specifically targeted by primers and genotyped in 480 healthy volunteers. This 

study used the principle where the amplified PCR products differing in one single nucleotide 

for each SNP will result in different melt curves. Different genotypes were identified by a 

shifted melting temperature (Tm) or by differences in melting curve shape. Reference 

samples with different genotypes were used to establish the normalization regions by first 

selecting the pre-melt and post-melt regions. Unknown samples were genotyped by 

comparison to the references. The two SNPs were easily identified by the altered shape of 

the melting curves or the homozygote (AA or GG) was identified by a change of 0.4C in 

melting temperature (Tm). The success of this HRM method was fully dependent on the 

highly specific primers targeting only the SNPs. Moreover, this HRM method was able to 

detect two SNPs in one amplicon simultaneously, thus showing the ability to screen 

fragments containing more than one close variant. Three different SNP genotypes were 

distinguished by HRM, along with mean sensitivity of 98.8% and mean error rate of 1.9% 

(Cui et al., 2013).  

Lundgren et al. used HRM analysis to discriminate between MHC class I and killer cell lectin-

like receptor allele variants, critical to natural killer (NK) cell-mediated viral control. HRM is 

thus capable to interrogate and quantify gene- and allele-specific variations due to 

differential regulation of gene expression. HRM analysis discriminated between highly 

polymorphic and polygenic murine NK receptor and MHC class I allele variants, and 

determined gene dosage, even in highly related gene families. HRM genotyping was 

successfully done for congenic, transgenic, and other gene modifications in genetically 

selected mice. As an identification strategy, HRM is a powerful method that can easily be 

harnessed for the purpose of following genetic manipulations in targeted mouse strains 

(Lundgren et al., 2012).  
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Chen et al. used HRM to genotype SNPs of VKORC (1173T/C, rs9934438) and CYP2C9 

(1075A/C, rs1057910), which are major contributory factors on the sensitivity of warfarin in 

Chinese. 255 samples were screened via HRM and results matched DNA sequencing results 

100% for rs1057910 and 99.2% for rs9934438. Different melt curve shapes and Tm were 

detected for presence of homozygous or heterozygous samples. Unexpected mutations, due 

to closely located variants, were also identified by completely different melting curve shape. 

The HRM assay in this study had an estimated turnaround time of 3-4 hours (DNA extraction 

and HRM run) and cost around $10 per sample (Chen et al., 2015). 

A Malaysian study conducted by Rani et al. used the HRM method to screen for HLA-

B*15:02 epileptic patients with SCARs presentation. This HRM screening method showed 

100% sensitivity and specificity in screening for the HLA-B*15:02 allele. Moreover, being a 

quantitative method, HRM obliterated the disadvantages of qualitative methods, such as 

multiplex PCR and real-time PCR. The cost of this HRM method was around USD 16.40 per 

test and takes around 1 hour and 30 minutes for the run time. Rapid turnaround time (TAT) 

is crucial for a pharmacogenomics screening method as the patient must wait for the results 

before getting their drugs prescribed by doctors. The HRM method thus shows the quickest 

TAT to be used for pharmacogenomics testing purposes, along with its other 

aforementioned advantages (Rani et al., 2018). 

This HRM method has been successfully implemented in HUKM hospital in Malaysia for 

routine screening of the HLA-B*15:02 allele for around 2 years (Rani et al., 2018).. Doctors 

have adopted this method before prescribing, and this led to a significant decrease in the 

number of SCARs. Thus, the HRM method shows a promising future for the screening of 

HLA-B*58:01 allele in Malaysian hospitals. 
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2.6.3 Multiple HLA allele theory   

 

Another phenomenon being slowly discovered is the presence of a set of different HLA 

genetic markers, previously linked to one disease only, being linked to more than one 

disease. We named this the multiple HLA allele theory, whereby the set of genetic markers 

previously identified (e.g; HLA-B*15:02, HLA-B*58:01, HLA-B*57:01) are found linked to 

SCARs in different degrees for all the linked diseases, such as epilepsy, gout and AIDS. 

Moreover, the discovery of numerous HLA alleles linked to different degree of SCARs, and 

not all of them, further shows that even more variation is present and that one HLA allele 

will not be enough to act as a fool-proof genetic marker. For the past decades, scientists 

have focused on singling out one HLA allele for one disease for screening purposes, but the 

presence of haplotypes was not ignored. The presence of haplotypes and further studies 

showed that more than one HLA allele is linked to numerous diseases and novel HLA alleles 

are continuously being discovered in parallel. Hence, scientist might have to change their 

direction from single HLA allele detection to multiplex allele detection which will encompass 

a wider set of diseases and ADRs (Chang et al., 2020). 

One such example is the identification of numerous HLA alleles involved in carbamazepine 

(CBZ), lamotrigine (LTG), phenytoin (PHT), and oxycarbazepine (OXC) -induced SCARs in 

epileptic patients. This association was more easily identified for epilepsy patients first, 

maybe due to this wider range of drugs causing SCARs in patients, hence opening up more 

possibilities. This starts with HLA-B*15:02 and HLA-B*15:21 found to be both associated to 

epileptic CBZ induced-SCARs in the Javanese and Sudanese population. Thai patients were 

also found to have HLA-B*15:21 linked with CBZ-induced SJS/TEN. A large European GWAS 

study and a Japanese study showed the linkage of HLA-B*31:01 allele to numerous CBZ-

SCARs, namely SJS/TEN, HSS and MPE. HLA-B*31:01 was found linked to CBZ-induced 

DRESS, while HLA-B*15:11 was associated with CBZ-induced SJS in a Korean study. Another 

study suggested that HLA-B*15:11 was associated with CBZ- induced SJS/TEN in Japanese 

patients too (Then & Raymond, 2019). 

Interestingly, a Thai study found HLA-B*15:02 and HLA-B*58:01 to be linked with CBZ-

induced maculopapular eruption (MPE) patients, as well as an association of HLA-B*58:01 

with CBZ-induced DRESS. This will be investigated in this study by NGS, to see if these two 
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alleles are present concomitantly in Malaysian gout and epilepsy patients. Tassaneeyakul et 

al. reported that 6 HLA alleles including HLA-A*33:03, HLA-B*38:02, HLA-B*51:01, HLA-

B*56:02, HLA-B*58:01, and HLA-C*14:02 were significantly associated with PHT-related 

SJS/TEN, whereas only HLA- B*51:01 was significantly associated with PHT-related DRESS. 

PHT is another SCARs causing drug given to epileptic patients which has been associated to 

the HLA-B*15:02 allele. Another Thai study found that HLA-B*13:01, HLA-B*56:02/04, 

CYP2c19*3 and co-medication with omeprazole were strong risk factors for PHT-induced 

DRESS. A Malaysian study also reported another novel HLA allele, HLA-B*15:13 that was 

significantly associated with PHT-induced SJS/TEN. A Spanish study showed that 

concomitant HLA-A*02:01/Cw15:02 alleles were linked to PHT-SJS/TEN (Then & Raymond, 

2019; Chang et al., 2020). 

A study showed that concurrent testing of CYP2C*3/HLA-B*13:01/ HLA-B*15:02/HLA-

B*51:01 increased the sensitivity of screening from 16.41% up to 71.88% with an OR of 8.88 

(95% CI of 5.63-14.01; P=2.12 × 10-23) in the Taiwanese Han Chinese cohort. Oxcarbazepine 

(OXC), another anti-epileptic drug, was linked to HLA-B*15:02 in SCARs and the newly 

discovered HLA-B*13:02 in OXC-induced MPE. Other authors also reported the lack of 

association of HLA-B*15:02 with OXC-induced MPE in patients of northern China, but it was 

associated with HLA-B*38:02. The genotyping of patients with OXC-induced SJS/TEN also 

revealed its new association with HLA-B*15:18. A Korean study in turn linked OXC-induced 

MPE with HLA-B*40:02 (OR 14.64, 95% CI 1.73- 123.90; P=0.003) and DRB1*04:03 (OR 0.18, 

95% CI 0.04-0.82; P=0.016). Interestingly, this study also found that HLA-B*15:01 was a 

protective allele (OR of 0.18, 95% CI 0.04-0.82; P=0.016) (Then & Raymond, 2019; Chang et 

al., 2020). 

Lamotrigine (LTG), another SCAR inducing anti-epileptic drug, was linked to HLA-B*15:02, 

HLA-B*33:03, HLA-B*35:08 and HLA-B*44:03. Another study showed the presence of HLA-

B*44:03 in patients with LTG-induced SJS/TEN. They did a follow-up study with larger 

sample size and confirmed that HLA-B*44:02 may have an association with LTG-induced SJS/ 

TEN with an OR of 12.75 (95% CI 1.03-157.14; P=0.053). Another study showed the presence 

of HLA-A*24:02, HLA-Cw*01:02 and HLA-Cw*07:02 in the LTG‐MPE cohort, along with HLA-

A*33:03 reported as a protective allele against LTG-induced MPE. Fricke-Galindo et al. 

reported the HLA-A*02:01/HLA-B*35:01/HLA-C*04:01:01 haplotype was significantly 
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associated with LTG-induced MPE in Mexican Mestizo patients TEN (Then & Raymond, 2019; 

Chang et al., 2020).  

All the aforementioned studies showed how a bigger number of HLA alleles can be linked 

and used as a genetic marker for one disease. Hence, this gives rise to another theory, 

namely the multiple HLA allele theory, where a set of common HLA alleles are found linked 

to several SCARs-disease association, rather than a single association. NGS will thus be a tool 

to help in investigating this in this study. This theory will thus change the face of 

pharmacogenetic testing from single HLA allele detection to multiplex HLA allele detection 

for a wider set of SCARs and diseases globally. The ethnicity link might also be downplayed 

here as a wider set of HLA alleles will be screened for numerous diseases, acting as a HLA 

panel to detect and prevent ADRs early, similarly to allergy detection to food or other 

substances TEN (Then & Raymond, 2019; Chang et al., 2020). 
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CHAPTER 3: METHODOLOGY 
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3.1 Introduction to Methodology section 

 

This chapter will fully elaborate on all the methods used to achieve the objectives set for 

this research. Methods usually started with simple procedures, which then needed vigorous 

optimisation in order to reach the desired results. This chapter will provide the detailed final 

optimized protocols for each method used, so as to allow reproduction of this thesis’ results 

by anyone. The operational flowchart below (Section 3.1.1) depicts all the different methods 

used in their sequential order, thus showing a logical flow and build-up to reach the desired 

aims. To start this project, an important question to be asked was the number of samples 

needed to prove and test the theory. Thus, the sample size was first calculated using proven 

methods, followed by the actual sample collection and DNA extraction. Once the starting 

material needed for experiments was in hand, i.e DNA samples, the primers needed to be 

designed to target the desired whereas of the allele being investigated. The starting point of 

the HRM method was the standard PCR reaction, which was optimized for the primers 

designed. Once a robust PCR method was designed and optimized, the last crucial element 

needed to set up the HRM method was established. A positive control, containing the HLA-

B*58:01 allele, needed to be used as reference in every single HRM run. Thus, to obtain an 

infinite amount of the limited positive control, the latter was cloned in E. coli vectors and 

stored for repeated use. The HRM method was then setup and optimized based on the 

previous two methods, in order to develop the HLA-B*58:01 allele’s screening method. The 

NGS method was used to validate the HRM method’s results and also to delve deeper into 

the HLA-B*58:01 allele’s significance in this research. This concluded the methods used to 

prove the aims and objectives set at the start of this research. 
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3.1.1 Operational flowchart  

 

The diagrammatic representation in Figure 3.1 below showed the summarized, step-by-step 

approach used to solve the questions set at the start of this research.  

 

Figure 3-1 Complete operational flowchart, showing all the different methods used in 

sequential order (DIY). 
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3.2 Sample size calculation 

 

3.2.1 Introduction  

 

Sample size calculation has always been a crucial issue faced by biomedical researchers in 

the early stage of their study design. Numerous published studies in international journals 

reported incorrect and smaller sample size, thus leading to studies with less power in their 

respective fields.  Different study designs required different methods of sample size 

calculations as one formula could not be used for all of them. Cross sectional studies were 

done to estimate a population parameter, such as the prevalence of a certain disease in an 

area. These studies could either be for qualitative or quantitative variables, whereby the 

sample size formula will differ for both. Studies investigating HLA alleles were examined and 

the best sample size calculation formula extracted from them, as shown in Section 3.2.2 

below. 

 

 

3.2.2 Sample size calculation  

 

In this study, the High Resolution Melt (HRM) method was developed to screen for the HLA-

B*58:01 allele in the Malaysian population. The HLA-B*58:01 allele frequency in Malaysia 

used at the start of this study was 10.49% (González-Galarza et a., 2015). This study 

investigated on the proportion of Malaysians who have the HLA-B*58:01 allele and thus 

emphasized on the proportion part, which was a qualitative variable. The sample size 

needed for this study was thus calculated from the formula by Kish L (1965) as shown on the 

next page. This study will thus need around 145 subjects to have sufficient statistical power. 

145 gout patient samples will be needed, along with 145 control samples, which will have 

matching age, gender and ethnicity. 
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Calculation for required study sample size by Kish L (1965) (3) 

 
 Formula used:  n = (Z1-α)2(P(1-P)/D2) 

Where; 
 

(Z1-α)2= the standard normal variate (at 5% type 1 error (P<0.05)) which is 1.96. 
Majority of studies use P values which were significant below 0.05. Value obtained from 

the normal distribution table, standard value for 95% CI 
 

P= expected proportion of allopurinol-induced SJS/TEN patients with the HLA-B*58:01 
allele in Malaysian population based on previous studies (10.49%) 

 
D= Absolute error or precision set at 5% 

 

Final calculation: 

Z1-α = Z0.95 =1.96 

P= 10.49% 

D = 5% 
 

n = (1.96)2 x [0.1049(1-0.1049)/0.025]=144.3 = 145 (round off) 
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3.3 Sample collection  

 

Collection of blood samples from patients in hospitals required careful planning from the 

ethics applications, consent form designs, finding doctors for collaboration to the actual 

collection of samples. Many people were involved in this first stage and we had to ensure 

that all the procedures were done systematically. The flowchart in Figure 3.2 below showed 

the steps involved in blood samples collection and were further explained in the subsequent 

sections.  

 

Figure 3-2 Flowchart showing the planning process before sample collection and the flow of 
sample collection done in hospitals (DIY). 
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3.3.1 Consent form design and ethics approval  

 

The consent form (shown in Appendix A) was designed according to the guidelines on the 

National Medical Research Register (NMRR) of Malaysia and was checked and approved by 

all the doctors/principal investigators involved. The consent form was divided into three 

parts, namely, the patient’s information sheet, the consent form and a questionnaire. The 

consent form was written in English and Bahasa Melayu (BM), to cater for language 

differences, especially for the elderly patients. The form started with an information sheet, 

with sufficient details about the study, explained in layman terms for the general audience 

to understand the blood taking procedure, followed by the benefits/risks of the study, 

confidentiality clause and the contacts of the principal investigators for any questions and 

enquiries. The principal investigator present during blood-taking was also required to 

verbally explain the whole study, in the volunteer’s preferred language, as well as answering 

any questions. The second part consisted of signing the consent form, where volunteers 

were required to sign and jot down all their personal details. There was a separate consent 

form for children not of legal age, where their parents or legal guardians needed to sign and 

approve of their participation in the study. The last part of the consent form consisted of a 

questionnaire, which must be completed by the volunteer in order to check if they have 

completely understood all the details and what their participation in this study entailed. 

Volunteers were also asked if they wanted to be informed of their HLA-B*58:01 screening 

results once the project was completed. Two copies of the consent form would thus be filled 

up and signed by both the volunteer and the principal investigator on site. One copy would 

be given to the volunteers and the other would be safely stored by the principal 

investigator. Full confidentiality and privacy would be kept throughout the study by several 

mechanisms. First, only the principal investigators had access to the participants’ personal 

data written on the consent forms. Second, these consent forms were stored by only one 

principle investigator and was always safely locked. Third, all participants were assigned a 

sample code which will be used throughout the study and their identities or names would 

never be revealed. 
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3.3.2 Volunteer recruitment and eligibility  

 

Blood samples were collected, on a voluntary basis, from gout patients receiving treatment 

in the rheumatology clinic in Pusat Perubatan Universiti Kebangsaan Malaysia (PPUKM) and 

Hospital Putrajaya (HP). The ethics for blood collection and handling were approved by the 

PPUKM Ethical Committee, the Medical research and Ethics Committee (MREC), Ministry of 

Health, Malaysia and the Nottingham ethical committee. Inclusion criteria for selected 

volunteers were Malaysian patients of any race, age, gender, the confirmed presence of 

gout by doctors, allopurinol use for at least three times and a treatment period of at least 

one to two weeks for ADRs manifestation. Exclusion criteria for volunteers were an absence 

of a clear gout diagnosis, only hyperuricemia mentioned by doctors and new patients who 

used allopurinol only once. Daily screening of gout patients were done in the two hospitals 

and eligible patients were selected by taking into consideration the aforementioned 

inclusion and exclusion criteria. 145 gout patients were recruited in total from the two 

hospitals, with 80 volunteers from HUKM and 65 volunteers from HP. The recruitment 

period started in September 2015 and ended in September 2018. Recruitment from two 

different hospitals helped inincreasing the initial slow collection speed of blood samples. 
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3.3.3 Blood sample collection 

 

Materials required for blood collection 

 

• BD Vacutainer blood collection tubes (10ml) 

• 70% Isopropyl alcohol pads 

• Hypodermic 10ml syringes and needles 

• Winged butterfly needles 

• Gloves 

• Adhesive plaster 

 

There were numerous ways to collect blood samples from patients, such as arterial 

sampling, venipuncture sampling and fingerstick sampling. Venipuncture was the most 

common way of collecting blood from adults in a hospital setting. The latter involved 

collection from a superficial vein in the upper limbs, usually the median cubital vein which 

was close to the skin’s surface and had only a few nerves located close to it. In this way, pain 

and discomfort was minimized for the patients. This procedure must be performed only by 

trained phlebotomists, i.e. doctors or nurses.  

 

10ml of peripheral blood samples were collected from the patients by using BD Vacutainer 

blood collection tubes with EDTA as anticoagulant (Becton Dickinson, USA). EDTA, an 

anticoagulant, chelated calcium to prevent clotting and preserved the red blood cells’ 

morphology. The doctors or nurses on site did the blood taking safely, with sterile 

hypodermic needles and syringes. The blood taking was either the inner elbow or wrist, 

depending on patients’ veins visibility.  In cases where blood collection was difficult due to 

smaller, rolling or spasming veins and delicate state of the patient, especially elderly 

patients, a minimum of 3ml of blood was enough for all experiments. The blood samples 

collected were then immediately stored in 4C and the DNA was extracted on the same day.  

Patient confidentiality was strictly maintained and all the patients were given code names 

according to the hospital they were in. 80 gout patient samples from PPUKM were given 

codes HLAG1 to HLAG80, while 65 gout patients from HP were listed as HLAP1-HLAP65. 



152 
 

Once 145 gout patient samples were obtained, matching controls were retrieved from the 

UKM Molecular Biology Institute’s (UMBI) biobank.  The normal samples were retrieved 

through UMBI’s biobank and came from patients who do not have gout and who have not 

used allopurinol before. The gender, age and ethnicity were matched as close as possible 

with the respective gout patient samples collected. Age was more difficult to match for each 

samples, hence a maximum difference of five years, before or after the patient’s actual age, 

was allowed. Those 145 normal samples were all extracted from blood, by using the same 

method the gout patient samples were extracted. They were labelled as either N01 or NS01 

according to their sequence in UMBI’s biobank. 

 

3.3.4 Patient medical record examination 

 

The full medical records of the gout patients were extracted from PPUKM and HP in order to 

check for any signs of adverse reactions to allopurinol. Presence of all types of 

hypersensitivity reactions or ADRs to allopurinol were cwerefully recorded. Their other 

details were also noted down, such as their full list of drugs and diseases, in order to 

perform appropriate comparisons and analysis. PPUKM’s medical records were stored on 

paper, in individual patient files and access needed to be requested for a maximum of 

twenty files at once. A request form needed to be filled with the patients’ code and name 

and signed by the doctor in charge in the rheumatology clinic. This form must then be 

submitted to the medical records office and the files will be handed out, only for reading 

purposes, in their office. Hospital Putrajaya’s medical records could be accessed on their 

electronic database, but only in the presence of the doctor in charge as the files were 

password protected. All these details were compiled in the results section and further 

analysed in the discussion section. 
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3.4 Extraction of genomic DNA 

 

3.4.1 Preparation of reagents for DNA extraction: 

 

1) 1 X Red blood cells (RBC) lysis buffer (pH 8.0) 

 

a. 10.0 ml of 1 M Tris pH 8.0 (MW: 121.14) 

b. 3.3 ml of 3 M Natrium chloride  (NaCl) (MW: 58.44) 

c. 5.0 ml of 1 M Magnesium chloride (MgCl2) (MW: 95.21) 

 

Made to 1 litre with distilled water, in a clean and sterile Schott bottle, and autoclaved 

before use. All chemicals were originated from NacalaiTesque, Inc., Japan. 

 

2) Nuclei lysis buffer (pH 8.0) 

 

a. 10.0 ml of 2 M Tris pH 8.0 (MW: 121.14) 

b. 0.8 ml of 0.5 M EDTA 

c. 6.6 ml of 3 M Natrium chloride (NaCl) (MW: 58.44) 

 

Added 200ml of distilled water along with ingredients and autoclaved before use.All 

chemicals were originated from NacalaiTesque, Inc., Japan. 

 

3) 20% Sodium Dodecyl Sufate (SDS) 

 

a. 100.0 g of SDS (MW: 288.38) 

 

Added 250ml of distilled water along with ingredients and allowed to dissolve before 

making it up to 500 ml with distilled water. All chemicals were originated from 

NacalaiTesque, Inc., Japan. 

 

4) 6 M Saturated Salt solution 
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a. 34.0 g of Natrium Chloride (NaCl) (MW: 58.44) 

 

Added 100ml of distilled water along with ingredients and autoclaved before use. All 

chemicals were originated from NacalaiTesque, Inc., Japan. 

 

5) 10x Tris EDTA (TE) Buffer (pH 8.0) 

 

a. 15.759 g of Tris-Cl (MW: 157.594) 

b. 2.92 g of EDTA (MW: 292.24) 

 

Added 800 ml of distilled water into a clean 1 Litre Schott bottle along with the ingredients 

mentioned. Autoclaved before use. All chemicals were originated from NacalaiTesque, Inc., 

Japan. 

 

6) Proteinase K  

Bought directly from Qiagen Biotechnology Malaysia Sdn. Bhd. 
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3.4.2 DNA extraction protocol 

 

10ml of peripheral blood samples were collected from the 145 gout patient samplesusing 

BD Vacutainer blood collecting tubes (Becton Dickinson, USA). DNA extraction was then 

performed by the salting out method as described below. This method can be divided into 

two parts; with removal of red blood cells in Figure 3.3 first, followed by DNA extraction, as 

shown in Figure 3.4. 

 

10ml of whole blood was transferred to a labelled 50ml falcon tube, filled with 40ml cold, 1x 

Red Blood Cells (RBC) lysis buffer and inverted a few times. Residual blood in the BD  

Vacutainer tubes were washed with some RBC lysis buffer and added to the falcon tube to 

avoid wastage of blood collected. The falcon tube was then centrifuged (Eppendorf, 

Centrifuge 5810 R) at 2,500rpm for 10 minutes in a refrigerated centrifuge. The supernatant 

was then discarded slowly without disturbing the pellet with around 5ml of liquid left in the 

tube. All blood discards were poured down a waste container containing Clorox. 45ml of 1x 

RBC lysis buffer was added to the pellet, followed by resuspension by using a Pasteur 

pipette. Centrifugation was carried out again, followed by another round of the 

abovementioned steps until the pellet became fully white. This pellet can be sealed in the 

falcon tube and stored at -20C for a maximum of a week, for later extraction, in cases 

where large number of samples had to be extracted. The preferred method here was to 

extract the sample right away. This first step called RBC lysis was depicted in Figure 3.3. 

 

The DNA extraction step (Figure 3.4) started with addition of 2ml of nuclei lysis buffer to the 

pellet obtained, followed by resuspension.100µL of Qiagen Proteinase K and 100µL of 20% 

SDS were immediately added next. This mixture was resuspended, the tube sealed with 

parafilm (Bemis Company, Inc., USA) and incubated at 60C for 1hour in a hybrid oven 

(Binder, Model ED56).In case of incomplete blood digestion, another 100µL of Qiagen 

Proteinase K was added and incubation was repeated again. After incubation, the mixture 

was evenly split into two to four labelled 2ml sterile screw cap tubes (Heathrow Scientific, 

USA). The number of screw cap tubes varied according to the amount of white blood cells 

pellet obtained in the aforementioned steps.333µLof 6M saturated salt solution was added 
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into each tube. The tubes were properly vortexed for around 1 minute until a uniform white 

colour was seen. The latter were then centrifuged at 15,000rpm for 30 minutes at 4C. The 

resulting supernatant was decanted out and transferred to a labelled, 15ml falcon tube 

containing 5ml of cold, 100% ethanol. The falcon tube was gently inverted 10 times and 

DNA was precipitated as ‘cotton wool’ spools. The white DNA clump was cwerefully sucked 

out using a Pasteur pipette and transferred to a sterile and labelled 1.5ml microcentrifuge 

tube. This must be done quickly and swiftly as the DNA clump may be stuck to Pasteur 

pipette’s tip. In that case, it must be cwerefully separated from the tip using a 10µL pipette 

tip.  

 

Washing of the DNA pellet was done with 1ml of 70% ethanol, followed by centrifugation at 

12,000rpm for 2 minutes at 4C. Maximum amount of 70% ethanol was removed using 

10µL-50µLpipette tips and the tube was spun again at 12,000rpm for 1 minute. The tube 

was then spun in a speed vacuum (Eppendorf, Concentrator plus basic device, Rotor F-45-

48-11) for 5 minutes to dry out the DNA pellet. 100µL-200µL of sterile 1x Tris EDTA (TE) 

buffer was added to the DNA pellet to dissolve it. The microcentrifuge tube was sealed with 

parafilm and incubated in a water bath at 55C overnight for reconstitution.  

 

After DNA extraction, the concentration and purity of the isolated DNA was determined by 

using the Epoch microplate spectrophotometer (BioTek Instruments, USA) and the software 

Gen5. Absorbance was measured at 260nm and 280nm and purity was estimated by the 

Optical density (OD) ratio, 260/280nm. The first 2 wells of the Take 3 Micro-volume plate 

were filled with 1.5μL of distilled water each, followed by 1.5μL of the unknown sample in 

the next 2 wells. All samples were read in duplicates, with an average calculated, to increase 

the accuracy of the spectrophotometer reading. A pure DNA sample will have a purity/OD 

ratio of 1.8-2.0 and the concentration will vary depending on different individuals. The 

extracted DNA samples were immediately stored in 50µL aliquots at -20C. 
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Figure 3-3 RBC lysis was carried out first, where the steps 1 to 3 were repeated 3 times until a white pellet was left. (DIY) 



158 
 

 

Figure 3-4 DNA extraction step which was done after RBC lysis, started with a white pellet and ended with the extracted DNA, dissolved in TE 
buffer. (DIY)
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3.5 Primer Design 

 

The complete sequence of the HLA-B*58:01 allele was obtained from the IMGT/HLA 

database of EMBL-EBI. 3 sets of primers were designed by using the Primer designing tool 

from the National Center for Biotechonology Information (NCBI), the Primer3Plus website 

and further analysed using the OligoAnalyzer 3.1 from Integrated DNA Technologies (IDT). 

Primer specificity was of primordial importance for this whole project. A specific set of 

criteria need to be followed for primer design, such as a GC content of 40-60%, melting 

temperature of 50-60C, a low self-annealing value and minimum hetero-dimer formation. 

Primer blasts were also carried out on NCBI to confirm specificity and avoid unwanted 

amplification. 

 

Numerous primer sets were designed to find the best region with the highest specificity and 

consistent results. Designing primers for the whole gene left us with unspecific results due 

to the high similarity between HLA genes. These primers were further modified to be longer, 

around 50bp long, in order to optimize binding to a large product. Halving the full gene and 

primers designed accordingly resulted in good products but with a high level of complexity 

due to secondary structures, which could not be detected by Sanger sequencing. 

Overlapping primers were also designed and optimized to try to maximise product length 

and binding specificity, without avail. 

 

The traditional method of targeting specific exons was thus used, in order to get highly 

specific products with a good enough length for the study’s purposes. The Internal Control 

(IC) primers targeted the β-globin gene and were obtained from previous studies done on 

HLA-B alleles. This set of primer acts as housekeeping gene in molecular diagnosis to verify 

that the PCR conditions are optimum and to control amplification. 

 

The two primer sets, named P2 and P3, targeted the exon 2 and exon 3 of the HLA-B*58:01 

gene, respectively. Exon 2 and 3 were targeted as they form the binding pocket of the HLA-

B*58:01 allele where allopurinol will bind and therefore cause hypersensitivity. The details 
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of the primers designed were shown in Table 3.1 below. Primers were sent for production at 

First Base Laboratories Malaysia Sdn. Bhd and were received after a few days. On delivery, 

primers were instantly diluted with RNAase free water (Qiagen, Germany) to make a stock 

of 100μM. This stock was divided into two stock tubes, one to be used immediately and one 

to be stored, for use when the first one was over or in cases of contamination where a fresh 

stock was needed. All primers were diluted to a working solution of 10μM by 10x dilution 

with RNAase free water. A few separate RNAase free water tubes were kept for primer 

dilutions to avoid contamination during experiments. 
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Table 3-1 Full primer details for the internal control and 2 pairs of primers used to amplify 
the HLA-B*58:01 allele, including the primer sequence, length, Tm and GC %. 

Primer 

names 

Target 

region 

Primer 

length 

(bp) 

Primer sequence (5’ to 3’) Amplicon 

size (bp) 

Tm 

(C) 

GC 

(%) 

P2 Exon 2 20 F-GACACCCAGTTCGTGAGGTT 

 

149 57.2 55.0 

20 R-CGCAGGTTCTCTCGGTAAGT 

 

56.6 55.0 

P3 Exon 3 20 F-GGTCTCACATCATCCAGAGG 

 

 

259 57.1 55.0 

20 R-TCCTTCCCGTTCTCCAGGTA 

 

59.6 55.0 

IC β-globin 

gene 

20 F-GTGTACACATATTGACCAAA 

 

423 51.1 35.0 

20 R-AGCACACAGACCAGCACGTT 

 

52.2 55.0 
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3.6 Polymerase Chain Reaction (PCR)  

 

3.6.1 Standard PCR protocol 

 

Standard PCR reactions were carried out for all 3 primers designed with the Hot Star Taq 

Master Mix from Qiagen. A standard, optimised 25μL reaction was made of 12.5μL of Hot 

Star Taq Master Mix, 0.2μM of both reverse and forward primers (First BASE Laboratories 

Sdn Bhd, Malaysia), followed by 6.5μL RNAase-free water (Qiagen, Germany).  and 4ng/μL 

template DNA. The PCR run was carried out on the Eppendorf Mastercycler Nexus Gradient 

machine (Eppendorf, Germany). The thermal cycler was programmed for 15 minutes at 95°C 

for initial denaturation followed by 35 cycles of 1 minute at 94°C for denaturation, 1 minute 

at 50°C for annealing, 1 minute at 72°C for extension and 10 minutes at 72°C for the final 

extension. The PCR products were analysed on a 1.0% agarose gel made with 1xTris Acetate-

EDTA (TBE) buffer (Axon Scientific Sdn Bhd, Malaysia), agarose powder (Axon Scientific Sdn 

Bhd, Malaysia) and SYBR safe stain (Invitrogen, USA). Gel electrophoresis was (Bio-Rad 

Laboratories Inc., California) run at 80V for 60 minutes. The HLAG1 sample from PPUKM 

samples was used to optimise the initial PCR reactions to obtain the best results. 

Optimisation was done systematically by changing the annealing temperature, primer 

concentration and DNA concentration in the reaction mixture, as shown in Figure 3.5 on the 

next page. Optimised PCR products were verified by sending them for sequencing to First 

Base Laboratories Malaysia Sdn. Bhd. 
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Figure 3-5 Flow of step-wise PCR optimisation done for all primers designed. 
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3.6.2 Multiplex PCR with IC 

 

In order to check optimum condition and amplification by PCR, an Internal Control (IC) was 

used together with primers P2 and P3 separately. The first set of multiplex reaction with P2 

and IC primers was named I2 and the second set with P3 and IC was named I3 multiplex. 

However, multiplex PCR was very complex and unstable, thus a lot of optimisation was 

needed to ensure proper targeting of each exon and the internal control together. Addition 

of two sets of primers in one reaction necessitates full optimisation of the annealing 

temperature, DNA and primer concentrations again. DMSO was further added as additive to 

the multiplex PCR reactions to increase stability of the two primers. The same reagents were 

used as previously mentioned in the standard PCR protocol. Final optimised conditions for I2 

and I3 were, 47°C and 50°C for the annealing temperature respectively, followed by 6 ng/μL 

of DNA, a P2 and P3 concentration of 0.1 μM, an IC concentration of 0.3 μM and 0.5 μL of 

100% DMSO as additive. The thermal cycler was programmed for 15 minutes at 95°C for 

initial denaturation followed by 35 cycles of 1 minute at 94°C for denaturation, 1 minute at 

47/50°C for annealing, 1 minute at 72°C for extension and 10 minutes at 72°C for the final 

extension. The PCR products were analysed by gel electrophoresis on a 1.0% agarose gel run 

at 80V for 60 minutes with a 100bp ladder, as previously described for standard PCR.  
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3.6.3 PCR Clean-up 

 

The QIAquick PCR Purification kit was used to purify the PCR products before being sent to 

Sanger sequencing (Qiagen, Germany). PCR reactions of 50μL were carried out to maximise 

amount of DNA product obtained. 2μL were used to perform a standard gel electrophoresis 

after PCR to check that specific amplification has taken place.5 volumes of buffer BP, i.e. 240 

μL, was added to 1 volume (remaining 48 μL) of the PCR product and mixed. One QIAquick 

column provided was placed into a 2 ml collection tube and labelled accordingly. The 

mixture from the first step was added to the QIAquick column cwerefully in the centre of 

the filter paper. Centrifugation (Sigma-Aldrich 1-14, USA) was carried out at 13,000 rpm 

(standard speed used throughout) for 1 minute, in order to bind DNA to the column. The 

flow-through was discarded and the QIAquick column was placed back in the same tube. 

The washing step ensued, by adding 750 μL of Buffer PE to the column, followed by 

centrifugation for 1 minute, discarding the flow-through and placing the column back in the 

same tube. Centrifugation was carried out again for 2 minutes, in order to remove all the 

residual wash buffer in the column. The QIAquick column was then transferred to a clean, 

sterile and labelled 1.5 ml microcentrifuge tube for the elution step. 50 μL of the Buffer EB 

was added to the centre of the column’s membrane and was allowed to stand for 5 

minutes. For increased DNA concentration, the elution volume was decreased up to 15 μL to 

25μL and allowed to stand for 5 minutes again. A final centrifugation step was carried out 

for 1 minute and the tube, with eluted DNA, was transferred to ice immediately. The DNA 

eluted was then analysed via a spectrophotometer (see next page) to obtain its purity and 

concentration. Samples which passed the purity and concentration standards set were 

stored in -20°C for those to be used shortly or in -80°C for prolonged storage. 
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3.6.4 Determination of DNA concentration and purity 

 

Spectrophotometric analysis is commonly used to quantitate DNA by using a wide range of 

commercially available spectrophotometers. This instrument was based on the principle of 

ultraviolet (UV) light absorption in specific patterns. DNA samples were exposed to UV light 

at a wavelength of 260 nanometres (nm) and the amount of light passing through the 

sample was measured via a photo-detector. The amount of UV light absorbed was known to 

be proportional to the sample’s nucleic acid concentration. A sample of higher 

concentration will thus emit less light, resulting in a lower detection by the photo-detector 

and a higher Optical Density (OD) detected. The Beer-Lambert law was used to calculate the 

concentration of the sample from the amount of light absorbed. Another method used by 

spectrophotometers is quantity measurement of nucleic acids with the ‘A260 unit’; where 

one A260 unit was equal to the amount of nucleic acid in 1 mL and with and OD of 1. 

Therefore, one A260 unit was equal to around 50µg/mL of dsDNA (double stranded). These 

calculations were automatically done on the specific software provided with the 

spectrophotometer and the DNA concentration was displayed in ng/μL. Optimum 

concentration range used for the extracted samples were 1000 ng/μL to 3000ng/μL, where 

enough DNA was present for multiple experiments, as well as extra sample storage. The 

sample purity was determined by the 260 nm: 280 nm ratio.  Pure DNA samples will have a 

ratio range of 1.8-2.00 as seen throughout literature. Purity and concentration were 

compiled for all the 290 DNA samples collected (Appendix A), as well as for cloning 

procedures mentioned in later sections (Sambrook, 2001). 

The Epoch Microplate spectrophotometer (BioTek, USA) together with the Gen5 software 

(BioTek, USA) were used to determine each DNA sample’s concentration and purity in this 

study. Absorbance is measured at 260 nm and 280 nm, while purity is estimated from the 

Optical Density (OD) ratio of 260/280nm. 2μL of samples or blanks were placed in the 

available Take3 plate for reading. All samples and blanks were loaded in duplicates On the 

Gen5 software, the option New plate is selected, followed by the option DNA quantification 

for dsDNA. The first two wells were always filled with distilled water replicates, followed by 

unknown samples in duplicates. Duplicates were done to ensure a proper reading, especially 

when detection may be hindered by air bubbles, misplacing the sample drop or other 
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factors. The average of the duplicate readings will be calculated to give the final result. 

Before loading the samples, the Take3 plate was cwerefully cleaned with kimwipes 

(Kimberly-Clark, Texas) and 70% alcohol, in order to remove any traces of contamination. 

The latter step was repeated after use as well, to keep the plate clean and contamination 

free.  
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3.7 Cloning of the positive control 

 

3.7.1 Introduction 

 

Molecular cloning was created to allow multiplication of organisms, cells or DNA fragments. 

Cloning of a segment of DNA was performed in this section, with four essential steps. The 

cloning strategy started with fragmentation of the DNA strand, ligation of the desired 

sequence in a cloning vector, transfection of the cloned plasmid into cells of choice and 

screening/selecting the successful clones. Once the successful clones were obtained, they 

were cultured in agar and broth in order to increase the number of clone copies. These 

copies were then extracted, analysed and stored for future use in experiments (Sambrook, 

2001). 

 

A PPUKM patient previously screened/sequenced for HLA-B alleles was confirmed to have 

the HLA-B*58:01 allele, and was used as a positive control in this study. However, a limited 

amount of extracted DNA was available from UMBI’s biobank, thus the need for cloning 

arose. The patient could not be contacted again for withdrawal of more blood for more DNA 

sample. This positive control was used as reference in the future HRM method, in order to 

compwere unknown samples to its DNA sequence as a method of screening. Thus an infinite 

amount of the positive control needed to be produced for this project and all future 

screenings to be done. 

 

Cloning was done by using the Qiagen PCR Cloning Plus Kit (Qiagen, Germany), with several 

rounds of optimisation to the given steps. This kit had several advantages and all the needed 

reagents provided for quick and efficient cloning to take place. The transition from PCR 

product to plated cells took only 40 minutes and the kit provided a ready-to-use Ligation 

Master Mix, E. coli competent cells, pDrive cloning vector and Super Optimal broth with 

Catabolite repression (SOC) medium. Ligation takes 30 minutes, followed by transformation 

and plating within 10 minutes. This kit was tested against other competitors in the market 

and proved to be faster, easier and highly efficient cloning. For a simple comparison, 

topoisomerase-mediated cloning kits took more than 70 minutes from PCR product to 
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plated cells. TA-based cloning kits took more than 5.5 hours and conventional ligase cloning 

took more than 7.5 hours to reach the plating stage. The pDrive vector provided numerous 

handy features for subsequent cloning analysis, namely, several unique restriction enzyme 

recognition sites, universal sequencing primer sites and promoters for in vitro transcription. 

Moreover, both ampicillin and kanamycin selection is possible, along with blue/white 

screening for recombinant colonies. The Ligation Master Mix was premixed, with all 

conditions ready for optimized hybridization and cloning. The provided Qiagen EZ 

Competent cells did not require the usual time-consuming recovery incubation time in SOC 

medium for high efficiency transformation (>108 colony forming units (CFU) per microgram 

DNA). The procedure was simple to follow; where the PCR product is directly mixed with the 

pDrive Cloning Vector and Ligation Master Mix and incubated. This ligation mixture was 

then added to the competent cells, for transformation to take place, and immediately 

plated onto agar plates. However, a few tweaks and optimisation steps were also done 

along the way and this will be fully explained below in the cloning protocol (Qiagen, 

Germany)
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3.7.2 Preparation of cloning materials and reagents  

 

3.7.3 LB agar preparation 

 

LB agar was always prepared in the end, after all the other reagents were prepared and 

diluted appropriately. These reagents (ampicillin, IPTG and X-Gal) may be prepared the day 

before and stored accordingly.  However, LB agar was always autoclaved in the morning, 

poured in the afternoon and stored at 4°C on the same day after solidification. Pouring of 

agar on the same day prevents contamination and degradation of its content from keeping 

it too long in the oven. The 500 mL Schott bottle (Merck, Germany) to be used for LB agar 

preparation was autoclaved, filled with distilled water to remove all contaminants. The 

water was poured out right before agar preparation. The same set of Schott bottles were 

always kept for LB agar preparation during the whole cloning phase, in order to avoid 

contamination. 

 

15.0 g of LB agar powder (First Base Laboratories, Malaysia) was added to a clean, empty, 

sterile 500 ml Schott bottle. The bottle was closed, an autoclave tape stuck on top of the cap 

and was vigorously shaken to mix the contents. After autoclave, the LB agar bottle was 

placed in a hybrid oven at 60°C in order to keep it in liquid state. The laminar flow cabinet 

(Esco Micro Private Limited, Singapore) was wiped down with 70% ethanol. All the three 

reagents were thawed out, vortexed and placed in a ice box in the laminar flow cabinet. A 

full, unopened, sterile, clean stack of petri dishes were placed in the cabinet and labelled on 

the bottom with the date and type of plate to be prepared. The Schott bottle with LB agar 

was removed from the oven, wiped with 70% ethanol and placed in the laminar flow cabinet 

for cooling down. The cooling method used here was by rolling the bottle horizontally on 

the cabinet’s surface slowly. This has to be done slowly to avoid the formation of bubbles.  

The LB agar was cooled down until body temperature, where you can hold the bottle in your 

hands without being burned. This has to be monitored carefully as over cooling may lead to 

clumps being formed in the agar bottle. Once the agar was at the right temperature, add the 

ampicillin, IPTG and X-Gal. Mix by rolling the bottle horizontally for 10 times and proceed to 

pouring the agar plates. 
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The agar was poured swiftly and quickly into the centre of the petri dishes and filled up to 

half the quantity of the dish. In cases where bubbles were seen in the plate, the latter was 

gently swirled until the bubbles migrated to the dish’s outer border. A sterile, autoclaved 10 

μL tip may also be used to pop the bubble quickly. Once all the plates were poured, they 

were arranged in order and the lid slanted on them, covering half of the plate. The plates 

were left to solidify for a minimum of 30 minutes and a maximum of 1 hour. After 

solidification, the plates were closed, stacked upside down and placed in the plastic that 

initially contained the petri dishes. These plates were stored at 4°C-8°C and used within 1-2 

weeks. Another batch of LB agar plates containing ampicillin only (100μg/mL LB agar) was 

also prepared for subcultures to be done after successful transformation. 
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3.7.4  Cloning protocol 

 

3.7.4.1  Amplification of the positive control’s exon 2 and 3 

 

The positive control’s DNA obtained was first amplified with the two different primers 

optimized separately, i.e, P2 and P3, followed by gel electrophoresis for verification .The 

PCR products were purified with the QIAquick PCR Purification kit (Qiagen, Germany) and 

sent for Sanger sequencing (First Base laboratories, Malaysia) for verification of the desired 

products. Once this step was cemented, preparations for ligation started. 

 

3.7.4.2 Ligation  

 

Ligation started with the calculation of the amount of PCR product needed. A molar ratio of 

10 times molar excess was used as recommended by the kit’s protocol. Both P2 and P3 

primers gave products at 149-250 bp, thus 26 ng of the purified PCR products were used for 

the first step. The 2x Ligation Master Mix, pDrive Cloning Vector DNA and distilled water 

provided were thawed and immediately placed on ice. Solutions need to be properly mixed 

to avoid uneven distribution of their components. A ligation-reaction mixture was then 

prepared according to Table 3.2 below. The ligation mixture is added last to the labelled PCR 

tube used for this step. 

 

Table 3-2 Detailed volume of the ligation mixture components to be prepared. 

Component Volume/reaction  (μL) 

pDrive Cloning Vector (50ng/μL) 1 

PCR product 1-4 

Distilled water Variable 

2x Ligation Master Mix 5 

Total volume 10 
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Once the ligation mixture was added to the tube, it was briefly and gently mixed by 

pipetting it up and down for 10 times. Incubation was then done for 2 hours at 16°Cin the 

Eppendorf Mastercycler Nexus Gradient machine (Eppendorf, Germany) which was 

previously used for PCR. Ligation time was increased to 2 hours after optimisation in order 

to generate a 2-3 fold increase in recombinants. Incubation was followed immediately with 

transformation. 
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3.7.4.3 Transformation  

 

3.7.4.3.1 Transformation preparation:  

 

This step will be done with the provided Qiagen EZ Competent Cells, stored at -80°C. These 

cells were extremely sensitive to temperature and mechanical stress and should not be 

thawed at any point prior to transformation. When being used, these cells need to be mixed 

by gentle flicking and no rough handling like vortexing or pipetting. SOC medium was 

thawed and warmed to room temperature before use. The latter was stored at -15°C to -

30°C after use. Fresh LB agar plates were prepwered before transformation, containing 

ampicillin (100μg/mL LB agar), IPTG (50μM) and X-Gal (80μg/mL). 

 

3.7.4.3.2 Transformation protocol 

 

One tube of Qiagen EZ Competent Cells was left to thaw on ice. This tube was observed 

cwerefully and once thawed, transformation must be done immediately. The SOC medium 

was thawed and warmed to room temperature. 2μL of the ligation-reaction mixture was 

added to one tube of Qiagen EZ Competent Cells, mixed gently by slow flicking and 

incubated on ice for 5 minutes. The tube was heated to 42°C in a water bath for 30 seconds 

and then incubated on ice for another 2 minutes. 250μL of SOC medium was added to the 

tube and gently flicked. This mixture was immediately plated onto the previously prepwered 

LB agar plates. This mixture was pipetted onto the agar plates in two different volumes of 

50μL and 75μL, and spread by using a sterile plastic spreader (Apical Scientific, Malaysia). 

This was the optimum volume used for good colony formation throughout the plate after 

several optimisation steps. The plates were incubated at room temperature until the 

transformation mixture was absorbed in the agar and then sealed with parafilm (Apical 

Scientific, Malaysia). The plates were then incubated upside down at 37°C for 16 hours, 

followed by 4 hours of cold incubation at 4°C. The cold incubation enhanced the blue color 

development and helped in blue colonies differentiation from the white colonies. This whole 

process, starting from ligation, to transformation, plating and blue-white colony formation 

was depicted in Figure 3.6 below. 
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Figure 3-6 First part of cloning process depicted, starting from ligation, transformation, plating, spreading and finally blue-white colony 
formation. (DIY) 
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3.7.4.4 Subculture of white colonies in LB agar plates with ampicillin 

 

The white colonies obtained in the different transformation plates were sub cultured into LB 

agar plates containing ampicillin only (100μg/mL LB agar). The procedure starts with wiping 

down the laminar flow cabinet with 70% ethanol and exposure to UV light.  The transformed 

plates (in its plastic bag) along with all the equipment needed were all wiped with 70% 

ethanol and placed in the cabinet. Inoculating loops were sterilized by using the loop 

sterilizer (Merck, Steri 350) in the cabinet. Using a cool, sterile inoculating loop, one white 

colony was touched and streaked onto LB agar plates with ampicillin. The quadrant streak 

technique was used, to allow a sequential decrease in the amount of bacteria present 

throughout the plate (shown in Figure 3.7 below). This resulted in a few isolated colonies on 

the last two quadrant. The loop was sterilized and cooled down in between different 

quadrant streaking. Once the full plate’s surface was streaked properly, it was sealed with 

parafilm, inverted and incubated at 37°C for 16 hours. 

 

 

 

Figure 3-7 Streaking of the white colonies by using the quadrant streak technique. (DIY) 
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3.7.4.5 Subculture of white colonies in LB broth 

 

3.7.4.5.1 Subculture preparation: 

 

This step was done to increase the number of plasmids for subsequent plasmid extraction 

and analysis. LB broth was prepwered in a sterile 500 mL Schott bottle by adding 12.5 g of 

LB broth powder and 500 mL of distilled water. The bottle was autoclaved and stored at 4°C 

before use. Subculture was done in five 250mL conical flasks, which were initially washed, 

dried and sealed on top with aluminium foil. These were sent for autoclave and dried 

overnight in a hybrid oven before use.  

 

3.7.4.5.2 Subculture protocol: 

 

Subculture was done on the bench, with a lighted Bunsen burner to avoid contamination. 

The bench and all the equipment to be used were wiped with 70% ethanol. The conical 

flasks were placed around the lighted Bunsen burner and 50 mL of LB broth were added to 

each of them by using a sterile measuring cylinder. Five conical flask were used each time to 

extract a suitable amount of plasmid for downstream use and application. 50μL of the 

ampicillin stock previously prepwered was added to each conical flasks and swirled multiple 

times for mixing. The aluminium foil cover was always left on top of the conical flasks to 

prevent contamination. A white colony was touched on the agar plate by using a sterile 

inoculating loop. This step was then repeated for the next four conical flasks but different 

white colonies were used from different plates, in order to increase the chances of 

successful cloning. The aluminium foil was placed loosely enough to allow some air 

circulation for proper bacterial growth. The flasks were incubated for 16 hours in a shaker 

incubator (PMI-Labortechnik, WIS-20R) at 37°C and at a speed of 180 rpm. After incubation, 

the optical density was read to check for optimal bacterial growth. All the subculture steps 

were depicted in Figure 3.8 below.
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Figure 3-8 Subculture of the successful white clones in LB broth for further increase in copy number and subsequent extraction of plasmids. 
(DIY) 
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3.7.4.5.3 Measuring the Optical density of LB broth cultures: 

 

This step was performed after every single LB broth subculture to ensure proper bacterial 

growth in optimal conditions. Optical density (OD) is measured by using a 

spectrophotometer and used to get a measure of concentration of bacteria in suspension. 

This method uses the principle of light scattering as it passes through a cell suspension. A 

greater scatter indicates the presence of more bacteria or other contaminants. Bacteria at 

their mid-log phase of growth were measured at a wavelength of 600nm (OD600). An 

optimum O.D reading of 0.5 to 0.8 must be respected for each subculture with this specific 

spectrophotometer (D’Ans et al., 1972). This optimum reading was obtained after several E. 

coli subcultures in LB broth. 

 

3.7.4.5.3.1 OD measurement protocol: 

 

Five plastic cuvettes were cleaned with distilled water and wiped with kimwipes. Care must 

be taken with the cuvette quality, cleanliness and the absence of bubbles of air in the 

cuvette. The spectrophotometer was switched on and calibration allowed for a few minutes. 

The wavelength was adjusted to 600nm. A blank reading was always performed first, with 

3mL of LB broth only.  Fill clean cuvettes with 3mL of the different bacterial subcultures and 

proceed to reading them one after the other. Note all the OD down in a notebook. The 

optimum OD for all subcultures must fall in the range of 0.5-0.8. 
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3.7.4.5.4 Purification of plasmid from LB broth 

 

Plasmids were purified from the LB broth by using the PureYieldTM Plasmid Miniprep system 

kit (Promega, USA). For the first time use of the kit, these two steps must be followed; the 

lysis buffer was incubated at 37°C for 30 minutes and shaken well afterwards. 95% ethanol 

was added to the column wash solution as indicated on the bottle. 

 

3.7.4.5.4.1 Extraction protocol:  

 

3.0 mL of bacterial culture grown in LB broth was transferred to a 15 mL falcon tube and 

pelleted down at 5000rpm for 15 minutes. The supernatant was discarded and 600 μL of 1x 

TE buffer was added to the pellet. The pellet was resuspended numerous time with a 

pipette to obtain a homogenous solution. This mixture was then transferred to a 1.5 mL 

microcentrifuge tube.  100 μL of Cell Lysis Buffer was added to the tube and mixed by 

inverting it 10 times. A color change from opaque to clear blue must be observed for 

complete lysis to occur. This step must be completed within 2 minutes, in order to avoid 

excessive lysis. After proper lysis, 350 μL of cold Neutralization solution (4°C-8°C) was added 

to the tube and mixed thoroughly by inverting the tube. A centrifugation step was then 

carried out at 10,000 rpm for 3 minutes. All centrifugation steps were carried out at 10,000 

rpm. A PureYieldTM Minicolumn was placed in a PureYieldTM collection tube and labelled 

with the sample code. A maximum of 900 μL of the clear supernatant was transferred via 

pipette to the minicolumn. The cell debris pellet must not be disturbed to avoid 

contamination and a decrease in purity of the extracted plasmid. Centrifugation was carried 

out again for 15 seconds. The flowthrough was discarded and the minicolumn placed back 

into the collection tube. 400 μL of the Column Wash Solution was added to the minicolumn 

and centrifuged for 30 seconds. The microcolumn was then transferred to a sterile 1.5 mL 

microcentrifuge tube and 15μL of Elution Buffer was added to the centre of the filter paper. 

The tube was incubated for 10 minutes at room temperature and centrifuged for 30 

seconds. The plasmid DNA eluted was vortexed briefly and stored on ice. The plasmid DNA 

concentration was measured by Nanodrop analysis as previously described in Section 3.6.4. 
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3.7.4.6 Validation of cloning step/Plasmid analysis: 

 

3.7.4.6.1 Restriction digestion of plasmid  

 

Restriction enzymes (REs) were endonucleases that recognize short, DNA sequences and 

cleave them at specific recognition sites. Optimal enzymatic activity and fidelity depends on 

proper storage, assay optimisation, temperature, pH, salt concentration and ionic strength. 

Double restriction digestion was performed on the extracted plasmid based on the provided 

restriction sites on the pDrive cloning vector (Qiagen, Germany).BamHI and XhoI (Promega, 

USA) were used for double restriction digestion in order to precisely excise the cloned 

target. A MULTI-CORETM buffer from the digestion kit was used as it provides broad 

compatibility and higher activity with many REs, after optimisation. Plasmid DNA 

concentration and purity must be cwerefully calculated and monitored before digestion. 

Sterility of reagents and all tools need to be maintained properly. To protect REs from 

extreme conditions and maintain their sensitivity, they must be stored in freezers, were 

always placed on ice when in use and were added to the digestion mixture last. All reagents 

were thoroughly thawed, mixed and centrifuged before use. After the first step, showed in 

Table 3.3 below, all reagents were mixed by continuous pipetting. The final mixture 

containing the REs (after step 2 in Table 3.3) must be mixed by gentle pipetting to avoid 

enzyme inactivation. 
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3.7.4.6.1.1 Setting up the Restriction Enzyme Digestion: 

 

A digestion mixture is set up, according to the details in Table 3.3, in a sterile and labelled 

1.5mL microcentrifuge tube and mixed gently by pipetting up and down. The tube is then 

centrifuged for a few seconds, sealed with parafilm on top, placed in a tube holder and 

incubated for 4 hours in a water bath at 37°C. Experimental controls were also used, 

especially during optimisation in order to understand and explain inconsistencies in results. 

Controls used in this experiment were the purified cloned target DNA and the full uncut 

plasmid, in order to compwere all the fragment sizes. The next step consists of analysing the 

digestion mixture by gel electrophoresis, along with the two controls.9μL of the digestion 

mixture is added to another sterile tube, along with 1μL of 10x Blue Juice, and mixed by 

gentle pipetting. The same amount were added for the two controls and loaded in a 1% 

agarose gel with bigger wells. 

 

Table 3-3 Components of the restriction digestion mixture to be added in two steps. 

Step number Reagent Volume (μL) 

1 Sterile deionized water ~15.0 (varies) 

RE 10 x buffer 2.0 

Acetylated BSA (10μL/μg) 0.2 

DNA (1μg/μL) - 

2 Xho1  (10u/μL) 0.5 

BamH1 0.5 

Final volume 20.0 

 

 

3.7.4.6.1.2 Sanger sequencing  

 

Plasmids were sent for Sanger sequencing to First Base Laboratories Sdn BhD, with M13F (-

20) as the sequencing primer. 
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3.8 High Resolution Melt (HRM) method 

 

3.8.1 Introduction  

 

The HRM screening done in this research used the detailed melting profile of a positive 

control as reference and screened numerous samples alongside in one run. One HRM run 

could accommodate a maximum of 15 samples, along with one positive control. Any sample 

which matched the melting profile of the positive control showed presence of the targeted 

allele. Small mutations will be translated into a change in melt curve shape or a shift of the 

whole HRM melt profile. 

3.8.2 HRM mix preparation 

 

The whole HRM mix preparation stage was done in a biological safety cabinet (Esco 

Technologies Inc, USA), in order to avoid all kinds of contamination. A standard 20μL HRM 

reaction was prepwered by adding 10μL of 2x SensiFAST HRM mix (Bioline, USA), 0.4μM of 

forward and reverse primers, 5μL of RNAase-free water (Qiagen, Germany) and 500ng of 

DNA template.A master mix was prepwered for 3 reactions for every DNA sample to be 

screened, i.e. duplicates for one DNA sample with its non-template control (NTC) (shown in 

Table 3.4 below).This was done to minimize variations, errors and contamination as the 

HRM method has ahigh sensitivity.This master mix was vortexed and centrifuged briefly and 

pipetted in the wells of the eco plate (Illumina, USA). Once all the wells were filled with the 

required amount of HRM master mix,DNA samples were added last to each well. The plates 

were sealed by first placing the eco-seal on top of the eco-plate without touching its sticky 

surface. Once the seal was in place, a sterile ruler was used to seal the edges tightly by 

running it along all the edges. The plate must always be kept upright and undisturbed on a 

flat surface. In cases where the eco plate was shaken and drops accumulated on the eco-

seal on top, it must be discarded as the sample will be contaminated by the glue present on 

the eco-seal. The eco-plate was then centrifuged at 4000rpm for 2 minutes and placed in 

the Eco Real-time PCR machine for the HRM run (Illumina, USA).  
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Table 3-4 Breakdown of the HRM reaction contents with their detailed volume used and the 
final concentration needed. 

HRM components Volume (μL) Final concentration 

2x SensiFAST HRM mix 10.0 1x 

Forward primer (10 μM) 0.80 400nM 

Reverse primer (10 μM) 0.80 400nM 

DNA sample Varies 500 ng 

RNAase free water Varies - 

Total 20.0 - 

 

 

The cycling conditions for the initial PCR and following HRM step were listed down in Table 

3.5.  

 

 

Table 3-5 The fully detailed cycling steps for the initial PCR and following HRM step done for 
all samples during HLA-B*58:01 screening. 

HRM/PCR 

Stage 

Cycling steps Temperature (°C) Time (seconds) 

PCR stage Polymerase activation 95 120 

Denaturation (35 cycles) 95 5 

Annealing (35 cycles) 45/60 10 

Extension (35 cycles) 72 15 

Final extension 72 600 

HRM stage 1st step 95 15 

2nd step 55 15 

3rd step 95 15 
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3.8.3 HRM run set up 

 

The Eco Real Time machine and accompanying laptop were turned on 30 minutes before 

the run, while starting preparation for the HRM mix, as it required a setup time before any 

run. Once the machine was ready, the blinking red lights on the top left corner turned green 

and the Eco Software opened indicated that the instrument was connected, on the bottom 

right corner. The options HRM was selected, followed by the setup of the thermal profile 

and according to the previously mentioned cycling conditions in Table 3.5. The third step 

was to design the plate layout. Each sample, including the positive control, were in batches 

of 3 wells, with the first one being the NTC, and followed by 2 wells with the 

sample/positive control labelled as U for unknown. This was done until the whole eco-plate 

was labelled, all under one assay type. The sample codes were added to their respective 

wells and the same was done for the first set of trio wells for the positive control. All the 

tabs were double-checked, the eco-plate inserted in the machine and the run started. A live 

monitor run will then be displayed to check the melting stages for all the samples. After the 

run was completed, the result will be checked and analysed using the Eco Study software 

(Illumina, USA). 
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3.8.4 HRM evaluation  

 

3.8.4.1 Specificity, Sensitivity, Positive predictive value and Negative predictive value 

 

The basic measures to quantify the diagnostic accuracy of a test include sensitivity and 

specificity. The sensitivity of a diagnostic test quantifies its ability to correctly identify 

subjects with the disease condition. The specificity is the ability of a test to correctly identify 

subjects without the condition. The PPV and NPV are the other two basic measures of 

diagnostic accuracy. They are related to sensitivity and specificity through disease 

prevalence (∏). The PPV is the probability that the disease is present given a positive test 

result and the NPV is the probability that the disease is absent given a negative test result 

(Wong & Lim, 2011). In this study, the HRM method was designed to screen for the HLA-

B*58:01 allele in 145 gout patients and 145 healthy volunteers. The Sanger sequencing 

method was used to validate the HRM results in this study and is hence used as the gold 

standard. The Sanger sequencing method was done on the 28 patients with signs of SCARs 

and ADRs and on 14 healthy volunteers. To determine the validity and accuracy of the HRM 

method designed, its sensitivity and specificity needs to be measured. This is best illustrated 

by using a two-by-two table, where the results from a new diagnostic test (HRM) is 

compared to a gold standard (Sanger sequencing). In cell a, we enter those in whom the test 

in question (HRM) correctly showed the presence of the HLA-B*58:01 allele (as determined 

by the gold standard). In other words, the HRM result is positive, as is the gold standard 

(Sanger sequencing). These are the true positives (TP). In cell b, we enter those who have 

positive results for the test in question (HRM) but do not have allele according to the gold 

standard test (Sanger sequencing). The newer test (HRM) has wrongly diagnosed the 

disease: These are false positives (FP). In cell c, we enter those who have the allele on the 

gold standard test (Sanger sequencing) but have negative results with the test in question 

(HRM). These are false negatives (FN). In cell d, we enter those who do not have the allele as 

determined by the gold standard test (Sanger sequencing) and are also negative with the 

newer test (HRM). These are true negatives (TN). (Wong & Lim, 2011). 
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Table 3-6 Calculation of sensitivity and specificity in a two-by-two table, where TP stands for True 

positive, FP for False positive, FN for False negative and TN for True negative. (Wong & Lim, 2011). 

 Allele present  Allele absent 

Test positive  a (TP) b (FP) 

Test negative  c (FN) d (TN) 

Calculation Sensitivity: a/(a+c) Specificity: d/(b+d) 

 

Hence,  

Sensitivity= a/(a+c)                                                                Specificity= d/(b+d) 

Positive predictive value= a/(a+b)                                      Negative predictive value d/(c+d) 

 

3.8.4.2 Statistical Analysis 

 

Fisher’s exact test and One-way analysis of variance (ANOVA) were used in this study to 

analyse the data generated by using the SPSS statistics software version 22 for Windows 

(IBM Corp., New York, USA). One-way analysis of variance (ANOVA) was used when there 

are more than two independent groups being compared the one-way ANOVA is used if the 

parametric assumptions are satisfied—that is, interval-scale variable approximately 

normally distributed. Fisher’s exact test was used to determine if there are non-random 

associations between two categorical variables. It therefore examined the significance of 

the association (contingency) between the two kinds of classification. Fisher's exact test was 

used here as it is more accurate than the chi-square test or G–test of independence when 

the expected numbers are small (McCrum-Gardner, 2008). Hence, with all the data 

generated in the study, seven different hypotheses were formulated for statistical analysis, 

as shown in Table 3.7 below. All the data collected in this study was converted to numerical 

data for statistical analysis. The null hypotheses stated that there is no difference or 

association between the data being compared, while the alternative hypothesis states that 

there is a significant difference.   
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Table 3-7 Different statistical tests used paired to the different formulated hypotheses to be 
tested. 

Statistical 

tests used 

Hypothesis formulated 

Fisher’s exact 

test 

Is there an association between the HLA-B*58:01 allele’s distribution 

between the healthy volunteer cohort and the gout cohort. 

Is there an association between HLA-B*58:01’s presence and the different 

ethnic groups in the gout cohort. 

Is there an association between HLA-B*58:01’s presence and the different 

ethnic groups in the healthy volunteer cohort. 

One-way 

ANOVA 

Is there a link between HLA-B*58:01’s presence and the different types of 

allopurinol-induced hypersensitivity reactions seen. 
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3.9 Next Generation Sequencing  

 

3.9.1 Introduction  

 

The whole NGS run was broken down into three different sections, namely; sample 

selection, sample DNA amplification and preparation and finally library preparation. These 

processes will be broken down into further steps and explained with the help of 

Figures/flowcharts in the following subsections. The general flow of the NGS method was 

depicted in Figure 3.9 below. 

 

Figure 3-9 General flow of the NGS method, starting from samples collection to the end step 
of running all the samples on the MiSeq machine. 
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3.9.2 NGS samples selection 

 

Due to the limited number of gout samples and the slow progression of sample collection in 

2017, only six gout patients were included in this NGS run. Only these six samples showed 

signs of SCARs or other ADRs in the whole batch of 60 gout samples collected. The positive 

control used for all the HRM screening was included in those six samples, in order to check 

the different variants and SNPs present in it. It was considered to be more valuable to use 

gout samples with ADRs/SCARs in order to investigate the disease-allele-ADR association 

better.  

 

3.9.3 NGS Sample DNA amplification and preparation 

 

The 6 samples were amplified and prepared according to the standards for the NGS library 

preparation. The flow of this section was shown in Figure 3.10 on the next page. The six 

gout samples were processed first, followed by nine batches of 10 epilepsy samples. The 

whole HLA-B region was amplified, followed by validation by the gel electrophoresis method 

and PCR product purification. The concentration and purify of the purified PCR product were 

checked first by using the Nanodrop analysis method and then by using a Qubit Fluorometer 

for higher accuracy. The sample was then normalized to 0.2ng/μL and this was checked via 

the Qubit fluorometer again, before moving on to the library preparation. This whole 

process was depicted in the flowchart below for a simplified breakdown of steps. All the 

seven steps were done within 3.5 hours and timed in order to fit everything in the first half 

of the day (shown in Figure 3.11 on the next page). The second half of the day goes to NGS 

preparation as shown in the following sub-section. 
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Figure 3-10 The simplified flow of the seven stages for sample amplification and preparation. 

 

 

Figure 3-11 Breakdown of the steps along with their hands-on time and running time 

required, in order to effectively fit all of them in the first half of the NGS preparation day. 
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3.9.3.1 PCR with HLA-B primer and Gel electrophoresis  

 

The samples were first amplified by using a specific set of primer acquired from a previous 

study where HLA typing was performed for the whole HLA-B region by the NGS method. 

Moreover, the NGS specialist from Science Vision used and validated this set of primer for a 

few projects before (Hosomichi et al., 2013). The primers’ properties (shown in Table 3.8 

below) were first analysed by using the primer designing tool on NCBI and then sent for 

synthesis at First Base Laboratories Sdn Bhd (Malaysia). 

 

Table 3-8 Full details for the HLA-B forward and reverse primers used for the NGS run. 

Primer Sequence (5’ to 3’) Length 

(bp) 

Tm 

(°C) 

GC 

cont

ent 

(%) 

Self 

compleme-

ntarity 

Self  3’ 

compleme-

ntarity 

HLAB-F AGGTGAATGGCTCTGAAAA

TTTGTCTC 

 

27 57.6 40.74 6.00 2.00 

HLAB-R AGAGTTTAATTGTAATGCTG

TTTTGACACA 

30 56.0 30.0 4.00 4.00 

 

The primers were first optimised sequentially on the Veriti 96 well thermal cycler (serial 

number 4375788) (Applied Biosystems, USA) through several steps. The annealing 

temperature was first determined by performing a gradient PCR with KAPA HiFi Hot Start 

Ready Mix PCR Kit (Kapa Biosystems Inc., USA), followed by an increase in DNA and primer 

concentration. The full optimised conditions for the final PCR were shown in Table 3.9 

below, along with the cycling conditions in Table 3.10.The first set of PCR products were 

sent for sanger sequencing to check the proper targeting and amplification of the HLA-B 

region. 
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Table 3-9 Full details for the HLA-B amplification for the NGS run, including component 
breakdown, their volume and final concentration. 

Component Volume of reagents (μL) Final concentration 

2X KAPA HiFi 

HotStartReadyMix 

25.0 1X 

HLAB-F primer (10μM) 6.00 1.2μM 

HLAB-R primer (10μM) 6.00 1.2μM 

DNA template (100 ng/μL) 3.00 6 ng 

PCR-grade water 10.0 N/A 

Total 50.0 N/A 

 

Table 3-10 Thermal cycler program for HLA-B amplification on the Veriti 96 well thermal 
cycler (Applied Biosystems, USA) 

Step Temperature Duration (sec) Cycles 

Initial denaturation 95 180 1 

Denaturation 98 20 30 

Annealing 64 15 

Extension 72 60 

Final extension 72 240 1 

 

Gel electrophoresis was performed for validation of the PCR step, by using a 0.7% agarose 

gel and TBE buffer. The gel was run at 110V for 50 minutes and the gel was checked under 

UV light in a gel reader. Only 5μLof the PCR product was loaded onto the gel, along with 

0.5μL of Blue Juice gel loading buffer (10X) (Thermo Fisher Scientific, USA). The remaining 

45μL waskept on ice for use in subsequent steps. Once the PCR product showed the correct 

size when extrapolated with the ladder, it was validated and sent for Sanger sequencing at 

First Base Laboratories Sdn Bhd. 
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3.9.3.2 Purification of PCR product 

 

The remaining 45μL of PCR product was purified here, by using the QIAquick PCR 

Purification kit (Qiagen, Germany).Before starting, 100% ethanol was added to Buffer PE 

(see bottle label for volume).All centrifugation steps were carried out at 17,900 x g (13,000 

rpm) in a conventional table-top microcentrifuge at room temperature. 5 volumes (225μL)of 

Buffer PB was added to 1 volume (45μL)of the PCR product and mixed by pipetting up and 

down. AQIAquick column was placed ina provided 2 ml collection tube and labelled 

accordingly.The sample from the first step was added to the QIAquick column 

andcentrifuged for 60 seconds, in order to bind DNA to the column. The flow-through was 

discarded and the QIAquick column placed back in the same tube.The wash step consisted 

of adding 750 μl Buffer PE to the QIAquick column, followed by centrifugation for 60 s. The 

flow-through was discarded and the QIAquick column placed back in the same tube again. 

The QIAquick column was centrifuged once more in the provided 2 ml collection tube for 1 

min, in order to remove residual wash buffer.Each QIAquick column was then placed in a 

clean, labelled 1.5 ml microcentrifuge tube.To elute DNA, 20μlof Buffer EB was added to 

thecenter of the QIAquick membrane and the column was centrifuged for 1 min. A smaller 

volume of Buffer EB was added, compared to the recommended volume, in order to 

increase the eluted DNA’s concentration. The eluted DNA was placed on ice, vortexed 

briefly and its concentration and purity quantified by Nanodrop analysis. 
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3.9.3.3 Qubit quantification  

 

The Qubit dsDNA High Sensitivity (HS) Assay Kit was used along with a Qubit Fluorometer 

(model and company) in order to get a more accurate DNA concentration. This assay 

ensured higher selectivity for double-stranded DNA over RNA and showed high accuracy for 

sample concentrations ranging from 10 pg/μl to 100 ng/μl. This assay tolerated traces of 

common contaminants, such as salts, free nucleotides, solvents, detergents or protein and 

did not disrupt the reading in any way. The assay was performed at room temperature and 

the signal had a stability of 3 hours. The kit contained the assay reagent, dilution buffer, 

prediluted DNA standards and 0.5 mL tubes for the assay. 

The standards were prepared first and were used to calibrate the Qubit Fluorometer. The 

required number of 0.5 mL tubes were set up, according to the number of samples and 

standards. Labelling of these tubes were done on the top, as labels on the side of the tube 

might interfere with the sample reading and signal. Calibration required insertion of the 

standards into the instrument in the correct order. All the reagents, standards and dye were 

thawed before starting. The dye was covered with aluminium foil as it was light sensitive. 

The dye and buffer were left at room temperature, vortexed briefly and spun down before 

use. 

The master mix was prepared by adding the buffer and dye, for the required number of 

samples, two standards and an allowance of 1 extra sample for pipetting errors. For 

example, for a set of 6 samples, a master mix was prepwered for 9 samples, including the 

two standards. The volume of buffer added for 9 samples was 1791μl (199μl for each 

sample), along with 9 μl of the dye. This mixture was vortexed, spun down and aliquoted 

into the 8 different labelled tubes, including the standards. The samples and standards were 

vortexed, spun down and added in their respective tubes. Sample tubes contained 198μl of 

the master mix, along with 2 μl of the sample to be measured. Standard tubes contained 

190 μl of the master mix, along with 10 μl of each standard. The standards were stable for 2 

hours after preparation.  New standards were prepwered after 2 hours, for measurement of 

a new batch of samples. 
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All the tubes were vortexed briefly, spun down and then incubated for 2 minutes at room 

temperature. On the home screen of the Qubit 2.0 Fluorometer (Invitrogen, USA), the 

option DNA was selected, followed by dsDNA High Sensitivity selection for the assay type. 

The ‘Read standards’ screen was then displayed and selected. The S1 tube was first inserted 

into the instrument, the lid closed, and then read for around 3 seconds. The same 

procedure was performed for S2 and the results were shown on the screen. Samples were 

read next, inserted one by one and the concentration noted down in ng/μl.Once all the 

samples were read, their concentration recorded were added to the excel sheet for 

normalization. 

 

3.9.3.4 Normalisation of samples to 0.2ng/Μl 

 

Once all the samples were measured, the values were added to the prepared excel sheet for 

normalisation to 0.2 ng/μl. A minimum of 2 μl of the samples were used, in order to have 

enough DNA molecules in tube to proceed for the future steps. EB buffer from the QIAquick 

PCR Purification kit (Qiagen, Germany) was used to dilute the samples. The sample was 

added to the required volume of EB buffer, vortexed briefly and spun down. Once those 

samples were diluted, NGS sample preparation ensued right after, due to the instability of 

the DNA samples in such a small concentration. The final concentration of 0.2 ng/μl was 

checked on the Qubit 2.0 Fluorometer for all the samples. 
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3.9.4 NGS Library Preparation 

 

The Nextera XT DNA Library Prep (Illumina, USA) manual was used along with the help of a 

NGS professional from the ScienceVision Company in Malaysia. Several optimisation steps 

and precautions were included throughout the manual in order to obtain the best results 

and minimize chances of errors. Some methods provided in the Nextera XT DNA Library 

Prep (Illumina, USA) were changed, in order to accommodate the availability of kits and to 

minimize errors and time consumed.  

The library preparation can be simplified into a workflow (Figure 3.12 on the next page) for 

a set of 6 to 10 samples, to increase accuracy and reduce all possible errors in handling and 

lab work.  

Careful planning was required for each step as the library preparation was a highly intensive 

lab session where the probability of errors was elevated. By setting up a daily preparation 

schedule (shown in Figure 3.13 on the next page) and dissecting each step in the manual 

beforehand with the help of a NGS specialist, all the small possible errors and precautionary 

measures were highlighted properly. NGS was a highly sensitive method and any small 

errors may deviate the results in undesired ways. Every single detail, such as the number of 

times a mixture was pipetted up and down, or the method of mixing by flicking only were 

kept constant for all the 6 samples. A simple deviation from the original method can result 

in different outcomes or outputs. Once the 6 samples were prepared, they were normalized, 

pooled together and finally run on the MiSeq machine (shown in Figure 3.14) 
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Figure 3-12 NGS library preparation workflow, which was carried out and repeated for every 
single sample. 

 

 

Figure 3-13 Breakdown of each step with the required time for hands-on preparation and 
the actual running time. 
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Figure 3-14- Last step for the NGS preparation and the final running of all the libraries on the 
MiSeq system and following result generation. 

 

The following sub-sections will lay down all the details for each single step of the NGS library 

preparation until the final NGS run on the MiSeq machine. 
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3.9.4.1 Index and sample labelling  

 

An IEM file was generated on Excel with a set of all the index primers to be used for the 96 

NGS samples. They were listed in a combination of i5 and i7 index primers, where two 

primers were only used in combination once for one sample. This excel sheet will be 

inputted directly in the MiSeq system and should not be modified in any way, to avoid 

errors during the final NGS run. No index primers should be modified and the file should be 

saved in csv format for compatibility with the MiSeq system. 

The sample ID were just filled in for the 6 samples as shown in Table 3.11 below, where the 

index primer combinations for the 6 gout samples were shown. PC5801 stands for the 

positive control containing the HLA-B*58:01 and the code HLAG was used for the other 5 

samples, along with their sample numbers. The full table was included in Appendix B. 

 

Table 3-11 Extract from the IEM index labelling sheet. 

Sample_ID I7_Index_ID Index I5_Index_ID index2 

PC5801 N701 TAAGGCGA S517 GCGTAAGA 

HLAG12 N702 CGTACTAG S517 GCGTAAGA 

HLAG19 N703 AGGCAGAA S517 GCGTAAGA 

HLAG26 N704 TCCTGAGC S517 GCGTAAGA 

HLAG28 N705 GGACTCCT S517 GCGTAAGA 

HLAG29 N706 TAGGCATG S517 GCGTAAGA 
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3.9.4.2 Tagment Genomic DNA 

 

3.9.4.2.1 Preparation required 

 

The following tagmentation program was saved on the thermal cycler (Applied Biosystems, 

USA); preheat lid option was selected, followed by a heating step of55°C (optimum 

temperature) for 5 minutes and ending with a hold step at 10°C. ATM reagent must be 

stored at -20°C at all times as it was quite temperature sensitive. The tube must be removed 

quickly, used instantly and stored back at -20°C immediately. The reagent does not freeze 

and was mixed by simply inverting the tubes a few times. TD reagent was also stored at -

20°C and thawed by rolling the tube between two hands. All buffers used were vortexed 

and spun down before use. 

 

3.9.4.2.2 Procedure 

 

10 μL of TD was added to 5μL of the normalized gDNA of a sample in a labelled PCR tube. 

This mixture was pipetted up and down for 10 times in order to mix it properly. All 

preparations were done at rtp on the bench here. 5μL of ATM was added to the tube and 

the latter was flicked hard 3 times, in order to mix it properly. The flicking step was critical 

for success of tagmentation step and bubbles must be seen in the tube. Centrifugation was 

carried out for 1 minute on a bench-top centrifuge, until all the bubbles disappeared. The 

tube was then placed in the thermal cycler and the tagmentation program was started. As 

soon as the temperature dropped to 10°C, the tube was removed from the thermal cycler. 

5μL of NT was added to the tube and the mixture was pipetted up and down for 10 times, 

followed by 3 flicks. Centrifugation was carried out for 1 minute, followed by an incubation 

step at room temperature for 5 minutes. 
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3.9.4.3 Amplification of libraries with indexes 

3.9.4.3.1 Preparation required:  

The amplification program shown in Table 3.12 was first saved on the thermal cycler for this 

particular step (Applied Biosystems, USA). 

Table 3-12 Amplification conditions for libraries 

Step Number Temperature (°C) Time (seconds) 

1 72 180 

2 95 30 

3 (12 cycles of) 95 10 

55 30 

72 30 

4 72 300 

5 10 Hold 

 

The required index primers were chosen according to the sample code on the IEM excel 

sheet and removed. Both the index primers and NPM (PCR master mix) were thawed with 

hands and left on ice. While waiting for the PCR to finish, the KAPA pure beads need to be 

taken out, thawed at room temperature for 30 minutes, vortexed thoroughly and wrapped 

in aluminium foil to prevent exposure to light. Index primer caps must always be changed to 

a new orange one after use, in order to prevent contamination by misplacing of caps. 

3.9.4.3.2 Procedure:  

5μL of Index 1 (i7) was added to a labelled PCR tube and its cap replaced with a new orange 

one. 5μL of Index 2 (i5) was then added to the same tube and its cap replaced with a new 

orange one. 15μL of NPM master mix was added to the tube and mixed by pipetting it up 

and down a few times. The mixture from the tagmentation step, all 25μL of it, was added to 

this tube and pipetted up and down 10 times for mixing. Pipetting here needs to be done 

slowly, in order to avoid bubbles. Other methods of mixing such as vortexing or flicking were 

prohibited here. The tube was finally centrifuged, placed on the thermal cycler and the PCR 

started.  
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3.9.4.4 Clean Up libraries 

3.9.4.4.1 Preparation: 

RSB was always thawed at room temperature and stored at 2°C to 8°C afterwards. KAPA 

pure beads were used here and guidelines for its use was procured from its Technical Data 

Sheet (TDS). The amount of KAPA beads to be used was calculated from Table 2 on page 5 of 

the TDS. The optimum beads-to-sample volumetric ratio was 0.6X for fragments ≥450bp to 

be retained during clean up. Hence, for a total of 50 μL of PCR mix, 30 μL of KAPA beads 

were used. KAPA beads were aliquotted into a few 1.5 mL micro centrifuge tube, in order to 

prevent contamination during use. Fresh 80% ethanol was prepwered from absolute 

ethanol for each new batch of samples. One sample required a total of 500μL of 80% 

ethanol and this was multiplied by the number of samples to be processed in each batch. 

3.9.4.4.2 Procedure: 

The PCR product (all 50μL) from the previous step was centrifuged, spun down and 

transferred to a labelled 1.5mL micro centrifuge tube. KAPA beads were vortexed 

thoroughly and 30μL was added to the 1.5 mL micro centrifuge tube. This mixture was 

pipetted up and down 20 times gently, in order to avoid splashing on the walls of the tube 

and therefore loss of the mixture. An incubation at rtp was allowed for 5 minutes. The tube 

was then placed in a magnetic stand gently and after 2 minutes a clear liquid was obtained. 

The tube can be moved around slightly to ensure that all beads were gone from the clear 

liquid. The tube was kept on the magnetic stand and all the clear liquid was removed by 

using 100 μL pipette tips. Two wash steps were performed with 200 Μl of freshly prepared 

80% ethanol. After the first addition of 200 μL of ethanol, it was left in the tube for 30 

seconds and then removed with a 100 μL pipette tip. The cap of the microcentrifuge tube 

was not closed to avoid moving the beads around. The second wash step was performed in 

the same way quickly. The residual ethanol was removed from the tube by using a 20 μL 

pipette tip. No splashing of liquid must be allowed on the walls of the tube. In case of liquid 

presence on the walls of the tube, it must be spun down and magnetised again. The tube 

was air-dried on the magnetic stand for a maximum of 15 minutes. This step was monitored 

carefully by observing the beads’ appearance. Shiny beads indicated incomplete drying, 

whereas a mat looking beads indicated dry beads. Cracked beads indicated over-drying and 

must be pipetted more to be mixed in the next stage. The tube was removed from the 
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magnetic stand and placed on a normal tube holder. 52.5μL of the RSB was added to the 

tube and pipetted 40 times for proper mixing.  The tube was incubated for 2 minutes at rtp 

and then placed on a magnetic stand. After 2 minutes a clear liquid must be visible. 50μL of 

the supernatant was transferred to a clean, labelled 1.5 mL micro centrifuge tube. The tube 

was placed on ice and the required amount was removed for Qubit assay and bionalyzer. 

This tube was sealed and stored at -20°Cafter analysis and only removed when it needs to 

be normalized and pooled for the final MiSeq run. 

3.9.4.5 Qubit Quantification  

The same steps were performed as previously mentioned 

 

3.9.4.6 Run Bioanalyzer  

 

The Agilent High Sensitivity DNA Kit (Agilent Technologies, USA) used contained a set of 10 

DNA chips, one electrode cleaner, one new syringe and two spin filters. The 4 reagents in 

the kit included the DNA ladder, four vials of DNA markers (35/10380bp), one vial of DNA 

Dye Concentrate and two vials of DNA Gel Matrix.  

 

3.9.4.6.1 Setting up the Assay Equipment and Bioanalyzer 

 

The chip priming station and the bioanalyzer were set up before the chip preparation.  

Ensure that the syringe was replaced at the chip priming station with new kit. The base plate 

of the chip priming station was next adjusted, followed by the syringe clip and the 

bioanalyzer’s chip selector. The vortex mixer was set up with the required speed and time 

and the software (2100 Expert Software) was started on the computer before chip loading. 
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3.9.4.6.2 Setting up the Chip Priming Station  

 

Replacing the syringe: The old syringe was unscrewed, released and discarded from the lid 

of the chip priming station. The plastic cap of the new syringe was removed and placed into 

the clip. The latter was slid into the hole of luer lock adapter and was screwed tightly to the 

chip priming station.  

Adjusting the base plate: The chip priming station was opened by pulling the latch. Using a 

screwdriver, the screw at the bottom of the base plate was opened. The base plate was 

lifted, inserted again in position and the screw retightened. Adjusting the syringe clip: The 

lever of the clip was released and slid down to the lowest position. 

 

3.9.4.6.3 Setting up the Bioanalyzer and Vortex Mixer 

 

The chip selector was first adjusted by opening the lid of the bioanalyzer and making sure 

that the electrode cartridge was inserted in the instrument. If not, the latch was opened, 

the pressure cartridge was removed and the electrode cartridge was inserted. Any 

remaining chip was removed and the chip selector was adjusted to position (1). The vortex 

mixer, IKA Model MS3 (IKA, Germany), was adjusted to a speed of 2400rpm. 

 

3.9.4.6.4 Essential Measurement Practices  

 

All reagents were handled and stored according to the instructions on the label of the 

individual box. Avoid sources of dust or other contaminants. Foreign matter in reagents and 

samples or in the wells of the chip will interfere with assay results. All reagents and reagent 

mixes need to be kept refrigerated at 4 °C when not in use. All reagents and samples were 

allowed to equilibrate to room temperature for 30 min before use. Dye and dye mixtures 

were protected from light by an aluminium foil wrap and the latter was only removed when 

pipetting. The dye was at risk of decomposition when exposed to light and will cause a 

reduced signal intensity. The pipette tip was always inserted to the bottom of the well when 
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dispensing the liquid. Placing the pipette at the edge of the well may lead to poor results. A 

new syringe and electrode cleaners were used with each new kit. Loaded chips need to be 

used within 5 min after preparation due to possible evaporation of reagents, which might 

lead to poor results. The Agilent 2100 Bioanalyzer must not be touched during analysis and 

must never be placed on a vibrating surface. 

 

3.9.4.6.5 Preparing the Gel-Dye Mix 

 

After completing the initial steps, the assay can be prepared, the chip loaded, and the assay 

started, as described in the following procedures.  

 

3.9.4.6.5.1 Precautions 

 

Handling DMSO: Kit components contain DMSO. Because the dye binds to nucleic acids, it 

should be treated as a potential mutagen and used with appropriate cwere. Hand and eye 

protection must be worn and good laboratory practices must followed when preparing and 

handling reagents and samples. Solutions must be handled with particular caution as DMSO 

was known to facilitate the entry of organic molecules into tissues. The prepared gel-dye 

mix was sufficient for 5 chips and was used within 6 weeks of preparation. The gel-dye mix 

was protected from light and stored 4 °C when not in use for more than 1 hour. 

 

3.9.4.6.5.2 Procedure  

 

The blue- capped High Sensitivity DNA dye concentrate and red- capped High Sensitivity 

DNA gel matrix were allowed to equilibrate to room temperature for 30 minutes. The dye 

concentrate were protected from light with an aluminium foil wrap. The blue- capped vial 

with High Sensitivity DNA dye concentrate was vortexed for 10 seconds and spun down. The 

DMSO was completely thawed for this step. 15 μl of the blue capped dye concentrate was 

pipetted into a red- capped High Sensitivity DNA gel matrix vial. The dye concentrate was 

stored at 4 °C in the dark again after use. The tube was capped and vortexed for 10 seconds. 
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Proper mixing of gel and dye was inspected visually. The complete gel- dye mix was 

transferred to the top receptacle of a spin filter. The spin filter was placed in a 

microcentrifuge and spun for 10 minutes at room temperature at 2240 g. The filter was 

discarded according to good laboratory practices and the tube labelled with the date of 

preparation. 

 

3.9.4.6.6 Loading the Gel-Dye Mix 

 

3.9.4.6.6.1 Precautions  

 

Before loading the gel-dye mix, the base plate of the chip priming station was set in position 

(C) and the adjustable clip was set to the lowest position.  When pipetting the gel-dye mix, 

make sure not to draw up particles that may sit at the bottom of the gel-dye mix vial. The tip 

of the pipette was inserted to the bottom of the chip well when dispensing. This prevented 

a large air bubble forming under the gel-dye mix. Placing the pipette at the edge of the well 

may lead to poor results. 

 

3.9.4.6.6.2 Procedure  

 

Allow the gel- dye mix to equilibrate to room temperature for 30 minutes before use. 

Protect the gel- dye mix from light during this time. Take a new High Sensitivity DNA chip 

out of its sealed bag and place the chip on the chip priming station. Pipette 9.0 μl of the gel- 

dye mix at the bottom of the well marked and dispense the gel- dye mix. Set the timer to 60 

seconds, make sure that the plunger was positioned at 1 ml and then close the chip priming 

station. The lock of the latch will click when the Priming Station was closed correctly. Press 

the plunger of the syringe down until it was held by the clip. Wait for exactly 60 seconds and 

then release the plunger with the clip release mechanism. Visually inspect that the plunger 

moves back at least to the 0.3 ml mark. Wait for 5 s, then slowly pull back the plunger to the 

1 mL position. Open the chip priming station. Pipette 9.0 μL of the gel- dye mix in each of 

the wells marked. 
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3.9.4.6.7 Loading the Marker 

 

5 μL of green- capped High Sensitivity DNAMarker was pipetted into the well marked with 

the ladder symbol and into each of the 11 sample wells. No wells were left empty as this 

may impede the chip’s run and results. 

 

3.9.4.6.8 Loading the Ladder and the Samples 

 

1 μl of the yellow- capped High SensitivityDNA ladder vial was pipetted in the well marked 

with the ladder symbol. In each of the 11 sample wells, 1 μL of sample (used wells) or 1 μL 

of marker (unused wells) were pipetted in. The chip was placed horizontally in the adapter 

of the IKA vortex mixer and care was taken not to damage the bulge that fixes the chip 

during vortexing. The chip was vortexed for 60 seconds at 2400 rpm. The chip was then 

inserted in the Agilent 2100Bioanalyzer and run within 5 minutes of preparation. Once the 

ladder and samples were loaded, the chip was inserted in the Agilent 2100 Bioanalyzer and 

run. After assay completion, the used chip was immediately removed and disposed. The 

electrodes were then cleaned by filling the electrode cleaner with 350uL of deionized 

analysis-grade water, inserting it into the bioanalyzer and leaving it there for 10 seconds 

with the lid closed. The electrode cleaner was removed and the lid was left open for 10 

seconds to allow the water on the electrodes to evaporate. The results were recorded in an 

excel sheet along with the final qubit concentration for each samples.
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3.9.4.7 Normalize and pool all libraries together 

 

Once all the 6 samples were prepped, their final qubit concentration and their length were 

added to the Library Quantification sheet in order to normalize all of them to 2nM. All the 

96 samples were diluted to 2nM by adding EB buffer (Qiagen, Germany) , followed by 0.1% 

Tween20(Sigma-Aldrich, USA) and 10 μL from the sample’s stock. A stock of 5mL EB buffer 

and 5 μL of Tween 20 was prepared and vortexed. Different volumes were added to the 96 

empty, labelled 1.5 mL microcentrifuge tubes according to the calculations in the excel 

sheet, followed by 10 μL of each sample into their respective tubes. The contents of the 

tubes were all pipetted up and down 10 times, for thorough mixing. A standard volume of 

10 μL was used for all samples so as to have enough sample DNA molecules in the final 

reaction mix. All the samples were then pooled together in one 1.5mL microcentrifuge tube 

by adding 5 μL out of each sample’s tube (2nM) and a qubit assay was done to check the 

concentration. 
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3.9.4.8 MiSeq run preparation 

 

3.9.4.8.1 Denaturation and dilution of the samples’ library 

 

The pooled samples were denatured and then placed in the machine to run. For the 

denaturation step 5μL of the 2nM pooled library was added to 5 μL of 0.2 N NaOH in a clean 

1.5mL microcentrifuge tube. The latter was vortexed briefly, spun down for a few minutes 

and incubated for 5 minutes at room temperature. 990 μL of pre-chilled HT1 was added to 

the tube containing the denatured library to make 1 mL of a 10 pM denatured library. 

 

3.9.4.8.2 Denaturation and dilution of thePhiX control 

 

For this library, a low-concentration PhiX control (Illumina, USA) spike-in of 1% was used as 

sequencing control. Dilution was first performed by adding 2μL of 10 nMPhiX library to 3μL 

of 10 nM Tris-CL, pH 8.5 with 0.1% Tween 20. This resulted in a final concentration of 4 nM 

of the PhiX control. Secondly, denaturation was performed, whereby 5 μL of 4 nM of the 

PhiX library was added to 5 μL of 0.2 N of NaOH. The latter was vortexed, spun down and 

incubated at room temperature for 5 minutes. 990 μL of pre-chilled HT1 was added to the 

tube containing the denatured PhiX library to make 1 mL of a 20 pM denatured library. This 

was further diluted by adding 375 μL of the PhiX library to 225 μL of pre-chilled HT1, in 

order to make 600μL of a 12.5 pMPhiX library. The last dilution was performed as the MiSeq 

Reagent Kit v3 was being used.  

 

3.9.4.8.3 Combine Library and PhiX control 

 

594μL of the final library was added to 6 μL of the final PhiX library prepwered in a clean 

1.5mL microcentrifuge tube. This tube was set on ice until the MiSeq system was ready for 

NGS run. 
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3.9.4.8.4 Final MiSeq run 

 

The MiSeqsysem (Illumina, USA) was cleaned and prepped for the final NGS run with the 

help of an experienced lab technician at UMBI. The initial sample index sheet, with all the 

sample codes and corresponding indexes used, was inserted to the MiSeqsystem. The MiSeq 

ran took around 17 hours to complete for 150 cycles. An account was created on Illumina’s 

Basespace, where all the results can be uploaded to and checked later.  

 

3.9.5 Bioinformatics Analysis 

 

3.9.5.1 Introduction  

 

The major challenge in NGS reared its head after the actual NGS run. Genomic variant 

discovery seemed simple in theory, where you mapped reads to a reference sequence, 

removed mismatches and then deduced the variant. However, multiple sources of error 

were encountered, such as amplification bias during library prep in the wet lab, machine 

errors during library sequencing, software errors or mapping of artifacts during read 

alignment. The correct manipulation of the output data and the use of an appropriate 

analysis pipeline for variant calling were of the utmost importance to fully exploit the NGS 

output data (McKenna et al., 2010).  The purpose of this bioinformatics analysis section was 

to confirm and validate the presence of HLA-B*58:01 in the 6 samples sequenced. The 

specific HLA variants and SNPs were obtained for each sample after full bioinformatic 

analysis. The output data obtained from the NGS run was in form of organized and distinct 

subsets called read groups. The latter consisted of the intersection of libraries and lanes 

generated throughout the NGS run. This data was inputted into the Genome Analysis Toolkit 

(GATK) pipeline (McKenna et al., 2010) to get the variants and SNPs for each sample, to 

enable in depth analysis of the HLA-B alleles present.  
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GATK was labelled as the “gold standard” for managing large NGS data and for targeted 

sequencing as well. GATK provided rich parameters for variant calling in HLA regions, as 

previously proven by numerous studies. One of the advantages of this pipeline was the 

availability of hard filtering, where specific tailored parameters can be set by the user for 

specific DNA regions of interest, which in turn ameliorated the accuracy of variant calling. 

The Variant Quality Score Recalibration (VQSR) step generated an adaptive model based on 

metrics, which differentiated between strand bias and true variants (McKenna et al., 2010). 

The GATK pipeline (version 3.8) was used for analysis of the NGS results and the full 

bioinformatics analysis workflow consisted of 7 main steps as shown in the flowchart below 

(Figure 3.15 on the next page). 

The dataset for the 6 samples first went through a pre-processing stage, where only data of 

good quality was filtered and adaptors were removed, before being aligned to the human 

genome (Hg19) by using the Burrows-Wheeler Aligner (BWA). BWA was used as it was a 

robust read-mapping algorithm, which can be utilized to map sequenced data to a reference 

genome. Output from the BWA can be paired with minimal processing by using utility 

software packages such as Picard and SAMtools and can be inputted directly in the GATK 

pipeline to complete the bioinformatics analysis. Duplicates were then marked to avoid 

repetition and bases were recalibrated to eliminate errors and systemic bias. Variant calling 

was finally performed, along with variant annotation by using 19 different databases 

(McKenna et al., 2010). Downstream analysis was done manually, where the SNPs for each 

samples were compiled in an excel sheet and their related HLA allele mined from dbSNP and 

NCBI databases. Novel SNPs were also identified and marked for all the 96 samples. 
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Figure 3-15 Simplified flowchart of the whole bioinformatics pathway used to analyze the 
NGS run results generated. 
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3.9.5.2 Stages of bioinformatics analysis 

 

The whole bioinformatics analysis was done and optimized for one sample first and then 

automated to run for all the remaining 95 samples at one go. The Figure 3.16 below shows 

the breakdown of the initial workflow with more details concerning the input data, its 

format and the output generated. 

 

 

Figure 3-16 Breakdown of the full bioinformatics analysis pathway with the input format, 
software used and output generated. 
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3.9.5.2.1.1 Pre-processing  

 

The bioinformatics analysis starts with pre-processing, where the raw sequence data 

obtained in FASTA format was processed before obtaining data suitable for analysis. The 

reads were trimmed and filtered in this step by using the Trimmomatic software, in order to 

remove errors. This software was acknowledged as a flexible read trimming tool for Illumina 

NGS data and results in high quality filtered reads only.  

The quality of the data as first checked by the standard tool on the Illumina platform, known 

as FASTQC. The report generated by FASTQC needs to be interpreted correctly, so as to 

check presence of good quality data and then proceed with subsequent steps. The NGS data 

was first opened for one sample in FASTQC and Phred scores were analysed to check the 

base call quality. Higher scores represented higher reliability of base calls. The background 

of the graph showed the division of very good quality calls in green, followed by reasonable 

calls in yellow and calls of poor quality in red. The box plots should be in the green or yellow 

parts of the graph to avoid excessive trimming and ultimately a loss in the sequence length. 

Overrepresented sequences were analyzed in the last tab in order to check for the presence 

of contamination. This section showed a list of all sequences which make up more than 0.1% 

of the total number of sequences. This list will initially show a few contaminants which were 

identified as Illumina adapters. A list of FASTQC files and results with phred scores were 

compiled in an excel sheet before removing the adapters. 

Standard trimming was performed to remove the adaptors and this resulted in a 50% loss of 

the reads and phred scores of 30. The stringent parameters were adjusted to a score of 20, 

which resulted in only 25% loss of reads. The following commands were used for trimming 

of read sequence for the sample S10 as shown in the commands executed below. Only S10 

will be used in all the succeeding commands and steps as an example, and the same will be 

repeated for all the 96 samples. 
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Commands used for pre-processing: 

 

 

 

 

 

3.9.5.2.1.2 Mapping to a reference human genome 

 

After pre-processing, the individual read pairs were mapped to a human reference genome, 

a synthetic single-stranded representation of a commonly used human genome, in order to 

provide a common coordinate framework for all genomic analysis. The second latest 

database UCSC Hg19 was used instead of NCBI.  The Burrows-Wheeler Aligner (BWA) was 

first used to align the samples to the human reference genome Hg19. The data was 

converted to BAM files, sorted and then indexed by using SAMtools. A set of SAM, BAM, SAI, 

BAI and BWA index files will be generated in total during the mapping step. The final results 

will come out as mapping statistics, in percentage, for all the samples when mapped to the 

reference Hg19. 

 

 

 

 

 

 

 

 

 

 

 

trimmomatic PE -phred33 -threads 20 10_S10_L001_R1_001.fastq 

10_S10_L001_R2_001.fastq 10_S10_L001_R1_001_paired.fastq 

10_S10_L001_R1_001_unpaired.fastq 10_S10_L001_R2_001_paired.fastq 

10_S10_L001_R2_001_unpaired.fastq 

ILLUMINACLIP:/home/nottingham/01_Preprocessing/NexteraPE-PE.fa:2:30:10 

LEADING:3 TRAILING:3 SLIDINGWINDOW:4:20 MINLEN:36 
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Commands used for mapping:  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.9.5.2.1.3 Mark Duplicates 

Marking of duplicates consisted of identification of read pairs that originated from 

duplicates of the same original DNA fragments by artefactual processes. This step will tag all 

but the single read pair within each set of duplicates, causing the marked pairs to be ignored 

by default during the variant discovery step. Picard was used to first sort the data (BAM 

files) and then mark all duplicates. 

Commands for marking duplicates: 

 

 

 

 

 

 

# Create BWA index files 
bwa index -p hg19bwaidx -a bwtsw hg19.fa 

 
# Mapping using BWA 

bwa aln -t 20 hg19bwaidx sequence1.fq.gz > sequence1.sai 
bwa aln -t 20 hg19bwaidx sequence2.fq.gz > sequence2.sai 

bwa sampe hg19bwaidx sequence1.sai sequence2.sai sequence1.fq.gz sequence2.fq.gz 
> sequence12_pe.sam 

 
# Convert SAM to BAM 

samtools view -bS sequence12pe.sam > sequence12pe.bam 
 

# Sort BAM files 
samtools sort -O bam -o sequence12pe.sorted.bam -T temp sequence12pe.bam 

 
# Index BAM files 

samtools index sequence12pe.sorted.bam 
 

# Add RG Groups 

picard AddOrReplaceReadGroups I=S10.sorted.bam O=S10.sorted.addRG.bam RGID=4 

RGLB=lib1 RGPL=illumina RGPU=unit1 RGSM=20 

# MarkDuplicates 

picard MarkDuplicates I=./samplefile/Sorted.bam O=./samplefile/DupMarked.bam 

M=./samplefile/Duplicates.metrics CREATE_INDEX=true 

VALIDATION_STRINGENCY=SILENT 
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3.9.5.2.1.4 Recalibrate Bases 

 

In this step, machine learning was applied in order to detect and correct patterns of 

systemic errors in the base quality scores, which were the confidence scores generated by 

the sequencer for each base. Base quality scores were crucial to determine possible variant 

alleles correctly and to eliminate any systematic bias in the data. The possible sources of 

biases were biochemical processes during library preparation and sequencing, 

manufacturing defects in the chips used or instrumentation defects. Recalibration consisted 

of the collection of covariate measurements from all base calls, building a model from the 

latter’s statistics and applying base quality adjustments to the dataset based on the 

resulting model. Once the recalibration rules were finalized, they were applied to the 

original dataset in order to generate a recalibrated dataset. The indels were realigned, 

followed by base recalibration as shown below in the commands executed. 

 

Commands for recalibrating bases: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

#SplitNCigarReads 
gatk -T SplitNCigarReads -R ucsc.hg19.fasta -I S10.duplicate.bam -o S10.split.bam -rf 

ReassignOneMappingQuality -RMQF 255 -RMQT 60 -U ALLOW_N_CIGAR_READS 
 

#Create targets for indel realignment 
gatk -T RealignerTargetCreator -R ucsc.hg19.fasta -I S10.split.bam -o 

S10.split.bam.intervals -nt 30 -known 
Mills_and_1000G_gold_standard.indels.hg19.sites.vcf -known 

1000G_phase1.indels.hg19.sites.vcf 
 

#Perform indel realignment 
gatk -T IndelRealigner -R ucsc.hg19.fasta -I S10.split.bam -targetIntervals 

S10.split.bam.intervals -known Mills_and_1000G_gold_standard.indels.hg19.sites.vcf -
known 1000G_phase1.indels.hg19.sites.vcf -o S10.processed.bam 

 
#Perform BQSR 

gatk -T BaseRecalibrator -I S10.processed.bam -R ucsc.hg19.fasta -knownSites 
1000G_phase1.indels.hg19.sites.vcf -knownSites 

Mills_and_1000G_gold_standard.indels.hg19.sites.vcf -knownSites 
dbsnp_138.hg19.vcf -o S10.recalibrate.table 

 
#Print recalibrated reads 

gatk -T PrintReads -R ucsc.hg19.fasta -I S10.processed.bam -nct 30 -BQSR 
S10.recalibrate.table -o S10.recalibrate.bam 
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3.9.5.2.1.5 Variant Discovery 

 

Variants were discovered next by using the HaplotypeCaller (HC) from the GATK pipeline 

and then filtered. The output will be raw and filtered VCF files for each samples. 

 

Commands for variant discovery: 

 

 

 

 

 

 

 

 

3.9.5.2.1.6 Variant Annotation 

 

For the final step, Annovar was used toannotate the predicted variants by using these 19 

databases and the output was annotated VCF files for each samples. 

 

1) refGene 

2) knownGene 

3) ensGene 

4) dbnsfp33a 

5) avsift 

6) dbscsnv11 

7) intervar_20170202 

8) cg69 

9) esp6500siv2_all 

10) exac03 

11) gnomad_exome 

12) gnomad_genome 

 
# HaplotypeCaller 

gatk -T HaplotypeCaller -R ucsc.hg19.fasta -I S10.recalibrate.bam -
dontUseSoftClippedBases -stand_call_conf 20.0 -o S10.variants.vcf 

 
# Filter Variants 

gatk -T VariantFiltration -R ucsc.hg19.fasta -V S10.variants.vcf -window 35 -cluster 3 -
filterName FS -filter "FS > 30.0" -filterName QD -filter "QD < 2.0" -o 

S10.filtered.variants.vcf 
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13) kaviar_20150923 

14) hrcr1 

15) 1000g2015aug_all 

16) gme 

17) avsnp147 

18) clinvar_20170130 

19) popfreq_max_20150413 

 

Commands for variant annotation: 

 

 

 

 

 

 

 

3.9.5.2.1.7 Downstream analysis  

 

The results from the final steps of variant discovery and annotation were summarized in a 

multiannotext file which was viewed by using Microsoft Excel.For SNPs list and 

identification, the excel sheet was sorted to show only the results related to Chromosome 6 

and the HLA region. The SNPs column was then copied to a result table, where each SNP 

were identified one by one by using both the dbSNP and NCBI databases. The SNPs were 

each linked to a specific HLA allele or alleles with the highest similarity and in cases where 

no links were found, these were labelled as novel SNPs. 

 

 

 

# Variant Annotation 

perl table_annovar.pl S10.filtered.variants.vcf humandb -buildver hg19 -out S10 -

remove -protocol 

refGene,knownGene,ensGene,dbnsfp33a,avsift,dbscsnv11,intervar_20170202,cg69,es

p6500siv2_all,exac03,gnomad_exome,gnomad_genome,kaviar_20150923,hrcr1,1000g

2015aug_all,gme,avsnp147,clinvar_20170130,popfreq_max_20150413 -operation 

g,g,g,f,f,f,f,f,f,f,f,f,f,f,f,f,f,f,f -nastring . -vcfinput 
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CHAPTER 4: RESULTS 
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4.1 Sample collection, DNA extraction, demographic data and clinical data. 

 

A total of 290 samples were collected for this study, where half were gout patients, while 

the other half were healthy volunteers without any gout history. The crucial details needed 

for each participant were their concentration, purity, age, race, gender, drugs they took, and 

the hypersensitivity reactions observed in them. All this data was shown in Appendix B. A 

summary of the most important demographic and clinical data were shown in Table 4.1 

below. 

Table 4-1 Summary of the demographic and clinical data for the 145 gout patients and 145 
healthy control samples. 

Descriptions Gout patients Healthy volunteers 

Sample size n = 145 n = 145 

Gender 

 

Male: Female 

134: 11 

(92.4%: 7.6%) 

Male: Female 

68: 77 

(46.9%: 53.1%) 

Race 

 

Indian: Malay: Chinese: 

Others 

2: 115 :27 : 1 

(1.3% : 79.3% : 18.6% : 

0.7%) 

Indian: Malay: Chinese: 

others 

3: 107 :31 : 4 

(2.07% : 73.8% : 21.4% : 

2.76%) 

Age mean 55 years 51 years 

Clinical Diagnosis Gout: 145 None 

SCARs or ADRs observed  28 patients (19.3%) None 

 

Table 4.1 showed that all the demographic data were similar, except for the gender 

imbalance in the gout patients and volunteers cohort. There were 92.4% male gout patients, 

compared to 46.9% healthy volunteers, thus showing a significant difference. A higher 

percentage of female healthy volunteers were found (53.1%) compared to the very low 

percentage of females in the gout patient cohort (7.1%). Ethnic groups were closely 

matched between the gout patients and healthy volunteers, as seen for the Malays, 
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Chinese, Indians and other ethnic groups. The mean age calculated for both cohorts were 

close together and within the desired range of 5 years. 28 patients from the gout cohort 

(19.3% of cohort) were less than 40 years old, with 21 of them being at least 30 years old.  

The women in the gout cohort were all in an age range of 55 to 71 years old, except for one 

patient aged 37 years old. Clinical data showed that none of the healthy volunteers had gout 

and any type of SCARs/ADRs related to the latter. The patient cohort all had confirmed 

clinical gout and 28 (19.3%) of them had experienced SCARs or ADRs during their gout 

treatment. All DNA samples were extracted by using the same salting-out method and 

yielded good concentration and purity, as shown in Appendix B. Most of the samples had 

good concentration of extracted DNA of around 1000-3000 ng/µL, which was more than 

enough for all experiments, optimisations and storage of extra DNA for future use. Seven 

samples had a smaller concentration of extracted DNA, such as HLAG1 which had a 

concentration of 359.1 ng/µL, as shown in Table 4.2 below. The common factors for these 

samples are; their gender (male), higher mean age of 64 years old and more Malays. 

Nevertheless, this concentration was enough for all planned experiments and extra care was 

taken not to waste samples. The purity of all samples, measured by a ratio of 260/280nm, 

were within the optimum range of 1.7-2.0, showing good quality and pure DNA samples 

were obtained (Jorgez et al., 2006). 

Table 4-2 Seven samples identified with a smaller DNA concentration. 

HLA Code Concentrat

ion (ng/ 

µL) 

Purity 

(260/2

80 nm) 

Age Race Gende

r 

Drugs Hypersensitivity 

observed 

HLAG 1 359.1 1.94 60 Indian Male ALLO No ADRs noted 

HLAG 3 223.5 1.93 74 Malay Male ALLO No ADRs noted 

HLAG 7 307.2 1.9 65 Malay Male ALLO No ADRs noted 

HLAG 30 354 1.95 33 Malay Male ALLO No ADRs noted 

HLAG 31 404.6 1.97 82 Malay Male ALLO No ADRs noted 

HLAG 32 227.1 2.00 64 Malay Male ALLO No ADRs noted 

HLAG 43 251.5 1.89 69 Chinese Male ALLO No ADRs noted 
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Once sample collection and DNA extraction were successfully performed and validated 

according to all the required criteria set at the start of this research, the next steps could 

then be done. These 290 DNA samples were the starting material of this whole research and 

special attention was paid to their quantity and quality. It took a total of 3 years to collect 

the samples in batches, extract the DNA out of them and collect specific clinical data 

required from two different hospitals.  

There was a whole range of ADRs and SCARs observed in the 28 patients who experienced 

side effects to gout treatment, as shown in Table 4.3. ADRs started from mild rashes and 

itchiness, to generalized rashes all over the body, to vasculitis/maculopapular rash and 

progressed to more severe ADRs. The more frequent form of ADRs was a mild allergy where 

rashes and/or itchiness occurred and presented itself in 46.4% of the 28 ADRs patients. 

Stevens Johnson Syndrome (SJS) came next at 10.7% occurrence followed by Exfoliative 

dermatitis, DRESS syndrome and allopurinol allergy reported. Vasculitis rash, maculopapular 

rash with skin eruptions, allopurinol hypersensitivity syndrome (AHS), anaphylaxis, 

transaminitis and eye angioedema all had the lower occurrence rate at 3.60% of all the 

ADRs. All of these patients experienced allergies to allopurinol in different forms and 

severity. Interestingly, samples HLAP3 (generalised rash) and HLAP51 (exfoliative dermatitis) 

experienced allergy to both allopurinol and febuxostat. Febuxostat was used as an 

alternative treatment after patients experienced allergy to allopurinol, but this treatment 

resulted in an allergic reaction too. When these ADRs and SCARs were placed in the whole 

sample size of 145 gout patients, the occurrence percentage decreased significantly as 

shown in Table 4.3. The percentage of affected patients in the total sample size was a fifth 

of what was observed within the ADR patients only, where mild allergies occurred in 8.97% 

of patients, followed by 2.07% for SJS, 1.38% for DRESS/exfoliative dermatitis/allopurinol 

allergy. Table 4.4 shows all the ADR/SCAR samples, along with their allergy details, age, 

gender and ethnicity. A mean age of around 57 years old was calculated for the 28 samples, 

with 7 samples being less than 50 years old and the rest being older (age range: 32 to 81 

years old). The male to female ratio is 25:3, showing a high male preponderance. The 

ethnicity ratio for Malay: Chinese: Indian: others is 25:2:0:1, with a clear majority being 

Malay. Further investigation was done via Sanger sequencing and NGS in the next sections 

in order to find the source of these ADRs/SCARs in all the patients affected.
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Table 4-3 Documentation of ADRs/SCARs observed in the 28 gout patients along with the 
percentage of patients affected. 

ADRs/SCARs observed 

in patients 

Samples affected Number of 

samples 

affected 

Percentage 

affected in ADR 

patients only 

(%) 

Percentage 

affected in 

total sample 

size (n=145) 

(%) 

Vasculitis rash HLAG12 1 3.60 0.69 

Mild allergy-   itchiness 

or rash 

HLAG13, HLAG18, 

HLAG19, HLAG28, 

HLAG53, HLAG64, 

HLAG66, HLAP2, 

HLAP3 HLAP25, 

HLAP37, HLAP46, 

HLAP60 

13 46.4 8.97 

Maculopapular rash 

and skin eruptions 

HLAP56 1 3.60 0.69 

Exfoliative dermatitis HLAG26, HLAP51 2 7.10 1.38 

DRESS Syndrome HLAG29, HLAG56 2 7.10 1.38 

Stevens Johnson 

Syndrome (SJS) 

HLAG38, HLAG39, 

HLAP6 

3 10.7 2.07 

Allopurinol 

hypersensitivity 

syndrome (AHS) 

HLAG46 1 3.60 0.69 

Anaphylaxis and 

allergy 

HLAG68 1 3.60 0.69 

Allergy and 

Transaminitis 

HLAP52 1 3.60 0.69 

Severe allergy, eye 

angioedema 

HLAP64 1 3.60 0.69 

Only allopurinol 

allergy reported 

HLAG48, HLAG69 2 7.10 1.38 

 



226 
 

Table 4-4 Twenty eight ADR/SCAR samples linked to their detailed allergic reactions, gender, 
ethnicity and age. 

Sample 

Code 

ADR observed Age (years) Gender Ethnicity 

HLAG12 Vasculitis rash 81 Male Malay 

HLAG13 Mild allergy- itchiness 63 Male Malay 

HLAG18 Mild allergy- rash 45 Male Malay 

HLAG19 Mild allergy- itchiness 32 Male Malay 

HLAG26 Exfoliative dermatitis 32 Male Malay 

HLAG28 Mild allergy- itchiness 64 Female Malay 

HLAG29 DRESS syndrome 68 Male Chinese 

HLAG38 SJS 72 Male Malay 

HLAG39 SJS 67 Female Other 

HLAG46 Allopurinol hypersensitivity 

syndrome- red eye + severe 

itchiness 

53 Male Malay 

HLAG48 Allergy to allo 52 Male Malay 

HLAG53 Rashes 73 Male Malay 

HLAG56 DRESS + rash 64 Male Malay 

HLAG64 Rashes 66 Male Malay 

HLAG66 Itchiness 80 Male Malay 

HLAG68 Allergy to allopurinol 68 Male Malay 

HLAG69 Allergy to allopurinol 49 Male Malay 

HLAP2 Generalised rash 60 Male Malay 

HLAP3 Allergy to allopurinol-

generalised rash + face swelling.  

Allergy to Febuxostat – rash 

63 Male Malay 

HLAP6 SJS ( mouth and genitalia) 39 Male Malay 

HLAP25 Generalized skin rash 42 Male Malay 

HLAP37 Generalized rash 58 Male Malay 

HLAP46 Rash on face 37 Female Malay 

HLAP51 Allopurinol- exfoliative 

dermatitis + febuxostat allergy 

66 Male Malay 
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HLAP52 Allergy to allopurinol 40 Male Malay 

HLAP56 Generalized rash+ skin 

eruptions (raised and flat 

eruptions), maculopapular rash 

41 Male Malay 

HLAP60 Generalised rashes 62 Male Chinese 

HLAP64 Severe allergy to allopurinol- 

angioedema + eye swelling 

55 Male Malay 
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4.2 Polymerase Chain Reaction (PCR) 

 

4.2.1 Single PCR with P2 and P3  

Sensitivity, specificity and accuracy of the HRM method started with a proper optimized PCR 

for the specific primers designed. Primers targeting exon 2, named P2, and primers targeting 

exon 3 (P3) were optimized by standard PCR with target sizes of 149bp and 249bp 

respectively to show bright bands (shown in Figure 4.1). Optimisation of the standard PCR 

reactions was done systematically by changing one condition at a time, assessing the 

improvement in results and moving on to a second factor. The first condition to be 

optimised was the annealing temperature by doing a gradient PCR to find the optimum 

annealing temperature. Other conditions like primer and DNA concentration were then 

modified one by one to get the best results with bright bands as shown in Figure 4.1.  

 

Figure 4-1 Amplification of exon 2 (Figure A) and exon 3 (Figure B) of the HLA-B*58:01 allele. 
100bp ladders are shown starting from the left, followed by the Non-template control (NTC), 
P2 product at 149bp (Figure A) and P3 product at 249bp (Figure B). 
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Figure 4.1-A shows the first lane with the 100bp ladder, followed by the Non-template 

control (NTC) and the P2 product. The NTC shows no amplification and contamination as 

shown by the absence of bands in its lane. Moreover, the NTC lane has a faint smear below 

100bp which indicates the presence of primer dimers. Lane P2 shows a bright, thick band at 

around 150bp, corresponding to the exon 2 target, amplified at an optimum annealing 

temperature of 45C. Similar results for exon 3 amplification was shown in Figure 4.1-B, with 

the 100bp ladder, followed by the NTC lane and the P3 product amplified at an optimum 

temperature of 56C. 

The PCR products were sent for Sanger sequencing and analysed on NCBI BLAST. 86% and 

97% of the PCR products were found to cover the original HLA-B*58:01 exons, along with 

97.2% and 100% being identical to exon 2 and 3, respectively (shown in Table 4.5). A gap 

was observed when the samples and exons were aligned, as shown in the graphical 

representation for P3 in Table 4.5 below and in. These two primers have been used for 4 

years and their stability and efficiency remained the same throughout the whole project. 

This was portrayed in the Sanger sequencing done for numerous samples over the years. 

The percentage of samples identical to the original exons were further analysed over time 

and a table with 15 samples’ results were shown in Appendix C. More than 15 samples 

amplified with the P2 primers were sent for Sanger sequencing as the project progressed, 

but only this small batch was put into a table in Appendix C to show the constant and proper 

amplification of the target. The calculated average was 85.1% for the percentage coverage 

on the original exon and 95.15% of the PCR products were similar to the original targeted 

segment of exon 2. However, as the research progressed, primer P3 showed better 

sensitivity as shown by the higher percentage similarity (>90%) and minimum fluctuation in 

Appendix C compared to exon 2 results. Primer P3 had an average coverage percentage of 

93% and a higher percentage similarity to exon 3 of 98%. Results shown in Table 4.6 and in 

the two tables in Appendix C were analysed again in August 2019, in order to keep up with 

the growing number of HLA alleles entry in the NCBI website. Results in Appendix C show 

that no matter which samples were used, the targeted segments of exons 2 and 3 were 

always amplified correctly. More emphasis was placed on the results for exon 3 with 

primers P3 during the HRM screening later on, as it had a higher stability and efficiency. This 
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was portrayed in Appendix G, where all the previously identified 28 ADR samples were sent 

for Sanger sequencing in order to see which HLA-B alleles were involved. 

Table 4-5 Sanger sequencing results done on sample HLAG26 for P2 and P3 primers. 

Primer/Exon Graphical representation aligning the sample to 

exons (Query- sample, last pink/red line- exons) 

Percentage 

covered on 

original exon 

(%) 

Percentage 

identical to 

exons (%) 

P2 (exon 2) 

 

86.0 97.2 

P3 (exon 3) 

 

97.0 100.0 

 

4.2.2 Multiplex PCR with IC 

 

Figure 4-2 Multiplex PCR done in triplicate for I2 and I3, where I2 combined IC+P2 primers 
and I3 combined IC+P3 primers. IC primers produced a product at around 423bp, P2 around 
149bp and P3 around 249bp.
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The internal control (IC) primers along with the P2 primers were combined and labelled as 

I2, and the same was done for IC and exon 3 reactions, labelled as I3. This multiplex step 

was done as a verification step to check optimum PCR amplification, as β-globin primers acts 

as a housekeeping gene in molecular studies. 

of the human genome. The gel in Figure 4.2 showed the desired results, with the 100bpL, a 

clear NTC, followed by triplicates of I2 reactions, I3 NTC and triplicates of I3 reactions. The 

product for IC was seen faintly around 423bp for all 6 reactions and a clear difference was 

seen between P2 and P3 products, with the P3 products having a higher molecular weight 

compared to P2. These 6 reactions were optimised (shown in Appendix D) and stabilized in 

the presence of 0.5µL of 100% Dimethyl sulfoxide (DMSO), to show that the correct HLA-B 

region was being targeted by both primers. Thus multiplex reactions (I2 & I3) were 

optimised at annealing temperatures of 47°C and 50°C respectively, IC concentration of 

0.3µM and P2 and P3 concentrations of 0.1µM. 
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4.3 Cloning of the positive control  

 

4.3.1 Gel Electrophoresis results for cloning 

 

The HRM screening method used in this study needed a positive control as a reference in 

order to compare its HRM melt curve to unknown samples being screened. The positive 

control targeted with primers for exon 2 and 3 were separately cloned in order to obtain an 

unlimited amount of the reference. Figure 4.3 shows the double restriction digestion of 

cloned plasmids by BamH1 and Xho 1 enzymes, with their targets as faint bands around 

149bp and 249bp for exon 2 and 3 respectively. Bands may seem too faint and further 

validation was needed. Figure 4.3-A has the first lane containing the 1kb ladder, followed by 

the uncut plasmid and the purified P2 PCR product previously obtained. The purified P2 PCR 

product was slightly slanted due to the erroneous running or solidification of the gel.  Lane 4 

and 5 shows bright and thick bands at around 4000bp (empty vector) and lower fainter 

bands at around 200bp (exon 2 insert), showing successful cloning. Figure 4.3-B shows the 

1kb ladder in lane 1, followed by the four digested plasmids (~4000bp) containing the exon 

3 insert (249bp). Exon 3 inserts can be seen slightly higher than the 200bp ladder mark, as 

compared to exon 2 insert in Figure 4.3-A, which was around the same height or lower than 

the 200bp ladder mark.  

Since the positive control cloned in these plasmids were used as a reference in the HRM 

method, Sanger sequencing was performed for every single plasmid batch extracted (shown 

in the next section). The results stayed the same over four years, where the two exons were 

always present, even after storage in -80°C, countless sub-cultures and extraction cycles. For 

every batch of plasmids, products were sent for Sanger sequencing before using them for 

the HRM screening. 
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Figure 4-3 Cloning of the exon 2 and 3 of the HLA-B*58:01 allele into the pDrive vector from 
Qiagen and subsequent analysis by double restriction digestion by BamH1 and Xho1. Figure 
4.3-A shows the presence of the digested target exon 2, which is less than 200bp, for 
plasmids 1 and 2. Figure 4.3-B shows 4 digested plasmids (~4000bp) with their target exon 3 
around 250bp. 
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4.3.2  Sanger sequencing for cloning of exons 

 

The extracted plasmids (from Figure 4.3-A) containing the exon 2 inserts were sent for 

Sanger sequencing to further validate the cloning results. Comparing the exon 2 sequence of 

the HLA-B*58:01 allele to the P2 insert showed a high percentage similarity of 96.6% and 

95.5%, for plasmid 1 and 2 respectively, as shown in Table 4.6. 

Table 4-6 Sanger sequencing results for the 2 cloned plasmids containing the exon 2 insert. 

Plasmid Number P2 targeted region  

(bp) 

Percentage similarity 

(%) 

Cloning 

Successful 

1 149 96.6 Yes 

2 149 95.5 Yes 

 

The same procedure was repeated for the 4 plasmids shown in Figure 4.3-B, for the exon 3 

cloning. Exon 3 cloning showed a higher stability and efficiency, with higher percentage 

similarity between the cloned insert and the HLA-B*58:01 allele’s exon 3. These results 

again proved the higher efficiency of the P3 primer, compared to the P2 primer. These 

cloned and tested plasmids will in turn be used as a reference for the HRM method, in every 

single run. More Sanger sequencing results were collected over time for every single batch 

of plasmids extracted and analysed as shown in Appendix C & G. Moreover, the specific 

sequence of P2 and P3 inserts aligned from their sequenced plasmids were entered in the 

European Bioinformatics Institute (EMBL-EBI at ebi.ac.uk) and linked to its similar HLA-B 

alleles present.  

Table 4-7 Sanger sequencing results for the 4 cloned plasmids containing the exon 3 insert. 

Plasmid Number P3 targeted region 

(bp) 

Percentage similarity 

(%) 

Cloning Successful 

1 249 99 .0 Yes 

2 249 100 Yes 

3 249 98.0 Yes 

4 249 100 Yes 
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4.4 High Resolution Melt (HRM) method’s results 

 

4.4.1 Overview of HRM screening 

HRM screening was completed for all the 145 gout patient samples and 145 normal control 

samples for both exon 2 and exon 3 separately, making a total of 580 HRM reactions. 

Primers P2 and P3 were designed to target exon 2 and 3 of the HLA-B*58:01 allele and these 

primers have been validated repeatedly over the study’s progression. However, the P3 

primer results will be emphasized in this HRM section, due to its higher efficiency and 

stability. All samples were screened in duplicates and with an accompanying Non Template 

Control (NTC) for better reliability and accuracy. One HRM run took 1 hour 20 minutes and 

could contain a maximum of 15 unknown samples along with one positive control reference, 

targeted for one exon a time. In this section, the main representative results of the HRM 

screenings will be shown first, followed by different types of analysis undergone, in order to 

find a trend and characterize what makes a positive or negative HRM screening result. 

Trends will be analysed by using the melting point (Tm), percentage of Guanine and Cytosine 

(GC) in samples, possible SNPs present and finally by the Sanger sequencing method. 
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4.4.2 Standard HRM screening result 

 

In this section, the standard HRM screening results generated will be shown for the HLAG1 

sample (gout sample) as an example. The full steps taken to analyse the HRM results will be 

shown, along with all the generated tables, plots and melt curves. Each of these results have 

a specific role and importance in validating an HRM result.  After a HRM run was completed, 

all the results were instantly generated on the Eco Study software (Illumina, USA). The first 

step consisted in checking if all the NTC wells for the 15 samples and positive control were 

empty for all results (specially Cq value) and hence did not generate any curves or plots. This 

first step confirmed that the whole assay was free from any type of contamination and 

confirmed reliability of results to a certain extent. Samples were then allocated different 

colours in order to facilitate results viewing, differentiation and comparison. One sample’s 

duplicate along with the positive control’s duplicate were selected and the amplification 

plot, melt curves and other results generated were analysed.  The first result generated is 

the Cq value, where it stands for the cycle in which fluorescence can be detected, also 

known as quantitation cycle. Cq is also a measure of amplification used to assess the 

reproducibility of amplification, a crucial part for HRM runs and analysis. A Cq value of less 

than 30 indicates good quality amplification happening in the HRM run. Cq values higher 

than 30 show that aberrant and non-specific amplification took place in the HRM run. HRM 

analysis can be performed even if some products amplify later than expected, as long as all 

similar samples have consistent amplification curves/Cq values, NTCs are not contaminated 

and the product is specific.  

 

Table 4.8 shows the Cq values recorded for sample HLAG1, along with the positive control, 

both amplifying exon 3 only. The results for exon 3 will be shown for this whole HRM section 

as it showed better performance in detecting HLA alleles, compared to exon 2 when 

analysed via Sanger sequencing (proof shown in Appendix D).  The NTCs for both samples 

are clear of any amplification, showing the absence of any type of contaminants. Cq values 

for the gout sample HLAG1 and the positive control both are below 30, showing good 

quality amplification. Moreover, their small standard values of 0.05 and 0.07, respectively, 

show that the duplicates’ results are close together. This step was repeated for all the 

samples and the Cq values were all below 30, allowing further analysis.  The melting point 
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(Tm) of the HLAG1 sample can also be obtained from the results generated and by 

extrapolating the highest peak of its melt curve to the x-axis on its difference melting curve 

in Figure 4.6. HLAG1 has a Tm of 90.8°C, whereas the positive control has a mean Tm around 

90.75°C, showing a difference of only 0.05°C. However, this small difference can be used in 

SNPs identification later for more in depth analysis.  

 

 

Table 4-8 HRM results compilation generated on amplification, with Cq and Tm values. 

Sample Code Cq value Cq mean Std. Dev. Cq Melting point 

(Tm) 

HLAG1 20.28 20.25 0.05 90.8 

HLAG1 20.22 20.25 0.05 90.8 

HLAG NTC - - - - 

PC 17.96 18.01 0.07 90.8 

PC 18.06 18.01 0.07 90.75 

PC NTC - - - - 
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Once this first stage of Cq analysis is done, the next results shown is the derivative melt plot 

as shown in Figure 4.4. This step consisted of selecting the correct pre-melt and post-melt 

regions (shown as orange, parallel double-bars in Figure 4.4), in order to isolate the active 

melt region and align data for proper analysis (Wu et al., 2008). 

 

  

Figure 4-4 Derivative Melt plot for HLAG1 (green colour) and the positive control (blue 
colour). 

 

Once the pre- and post-melt regions were defined, the normalized melting curve was 

generated as shown in Figure 4.5. The characteristic decrease in fluorescence with an 

increase in temperature was seen in the latter. This melting curve was generated after 

removing the fluorescence variance was eliminated and only the temperature range in 

between the pre- and post-melt bars was shown. This generates more distinct and specific 

curves as shown in Figure 4.5. A slight difference in shape in between the HALG1 sample 

(green curve) and the positive control (blue curve) can already be seen. In order to confirm 

if the two samples are different, a difference melting curve was generated (shown in Figure 
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4.6) by subtracting the normalized fluorescence data of the positive control from the HLAG1 

sample. The positive control is used as baseline/reference for all the HRM screenings, as it 

contains the HLA-B*58:01 allele. In cases where the difference melting curves of unknown 

samples were similar or very close to that of the positive control, a positive screening result 

was suspected. This melt curve obtained will be proportional to a sample’s DNA sequence 

and is thus unique for each sample. However, the melt curve shape of the unknown sample 

must match that of the positive control and be close to the reference baseline curve for a 

positive result to be called.  Figure 4.6 showed that one of the positive control’s duplicate 

peaked downwards and deviated from the first horizontal blue line, thus showing that it’s 

possibly a heterozygous sample. The HLAG1 sample has both green melt curves deviating 

from the horizontal blue line (positive control reference), with completely different curve 

shapes, even though they are quite close to the baseline. Hence, the HLAG1 sample was 

suspected to be negative. However, this must further be verified by Sanger sequencing and 

NGS later, as the HLAG1 sample’s melt curves falls within the downward positive control’s 

melt curve. The unexpected difference melt curve of the positive control must be 

deciphered in order to understand its peculiar behaviour.  

 

All the HRM results generated by the 145 gout samples and 145 normal samples were 

analysed in the same way mentioned in this section. The Cq was first validated (<30), a pre-

melt and post-melt region defined and the normalized and difference melt curves were 

finally generated, stored and interpreted. The following section will apply all possible 

methods of HRM analysis in order to decipher all the sample’s results. 
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Figure 4-5 Normalized melting curve for HLAG1 (green colour) and the positive control (blue 
colour). 

 

Figure 4-6 Difference melting curve for HLAG1 (green colour) and the positive control (blue 
colour). 
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4.4.3 Establishing a trend in the HRM results 

 

4.4.3.1 Introduction 

 

Since this is a novel study to investigate the role of the HLA-B*58:01 allele in the Malaysian 

population, numerous factors will be investigated thoroughly to see which one contributes 

to the HRM melt curves and results generated. It is crucial to investigate what constitutes a 

positive or a negative HRM screening result and if only the target allele is involved in the 

results generated or if there are other factors involved too. The results for both exon 2 and 

exon 3 generated were analysed at length and exon 3 results were prioritized in this thesis 

as sequencing results showed more specificity and accuracy in identifying various HLA-B 

alleles. Moreover, P3 primers showed a better specificity, stability and accuracy in 

amplifying the HLA-B*58:01 allele as shown in previous sections. The most important part of 

the HRM results is the difference melt curve, where a definite answer will be given, whether 

an unknown sample contains the HLA-B*58:01 allele or not. The melting profile depends on 

numerous factors, namely, the length, GC content, DNA sequence, SNPs present and 

heterozygosity of the amplified target. Even the shape of the melt curves provides other 

insights into the amplification of the target allele (Reed, 2007) 

 

4.4.3.2 HRM difference melt curve analysis  

 

The first result to be analysed is the trend in the shape of the difference melt curve. The 

HRM screening method was done on all the 145 gout samples and 145 normal samples, for 

both exons. A total of 580 HRM difference melt curves were generated and no specific 

trends were seen. The most intriguing part was that there was no single sample which 

matched the horizontal baseline and downwards peak of the positive control. HRM melt 

curves were close to the horizontal positive control baseline, but not a perfect horizontal 

line. This challenges the initial theory we set at the start of this research and all the previous 

research seen in literature.  



242 
 

A fluorescence threshold of 20 and -20 was set based on the HRM melt curve limits seen in 

all the screenings done, in order to call a positive result.  Samples with close curve shapes 

and which fall within the 20 to -20 threshold were called as positive and those beyond this 

were called negative. Exon 3 screening on the 145 gout patients had 23 samples called as 

positive and 122 called as negative. Thus 15% of the samples might contain the HLA-B*58:01 

allele in the gout cohort. However, to cement this percentage, numerous bouts of analysis 

need to be performed as shown in the following sections. 

To further investigate this, the normalized and difference melt curves for all the 28 ADR 

samples will be analysed here (shown in Table 4.9). There was a wide range of ADRs 

observed and as per the initial theory, some of those samples should contain the HLA-

B*58:01 allele and show matching difference melt curves to the positive control. Table 4.10 

shows 8 samples with melt curves close to the positive control’s melt curves, namely, 

HLAG19, HLAG28, HLAG38, HLAG64, HLAG68, HLAG69, HLAP56 and HLAP64. Two samples 

showed the closest melt curves (HLAG19 and HLAG68), but the shapes and peaks still did 

not match the positive control perfectly. The latter had their melt curves in between the 

positive control’s melt curves. Samples HLAG69 and HLAP64 also had close duplicate melt 

curves, with one curve between the positive control’s melt curves and the other with an 

upward, opposite peak to that of the positive control. The other 20 ADR samples all show 

higher and steeper peaks, both upwards and downwards in the difference melt curves. By 

taking into consideration only the difference melt curve shapes, it was suspected that the 8 

aforementioned samples had the highest chance of containing the HLA-B*58:01 allele. In 

order to confirm and validate the presence of the HLA-B*58:01 allele in any of the 28 ADR 

samples, they were all sent for Sanger sequencing for deeper analysis.
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Table 4-9 HRM normalized and difference melt curve compilation for all the 28 gout samples with ADRs. The positive control’s duplicate in all 
the graphs are shown by the dark blue horizontal line, along with the blue downward peak. The gout samples compared to the positive control 
are all in different colours for easier comparison. 

Sample codes with HRM normalized and difference melt curves 

HLAG12 

 

 

 

HLAG13 
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HLAG18 

 

 

HLAG19 
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HLAG26 

 

 

 

HLAG28 
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HLAG29 

 

 

 

HLAG38 
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HLAG39 

 

 

 

HLAG46 
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HLAG48 

 

 

 

HLAG53 
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HLAG56 

 

 

HLAG64 
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HLAG66 

 

 

 

HLAG68 
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HLAG69 

 

 

 

HLAP2 
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HLAP3 

 

 

 

 

HLAP6 
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HLAP25 

 

 

 

HLAP37 
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HLAP46 

 

 

 

 

HLAP51 
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HLAP52 

 

 

 

HLAP56 
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HLAP60 

 

 

HLAP64 
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4.5 Sanger Sequencing results  

 

4.5.1 Sanger sequencing on 28 ADR samples 

 

The results gathered after the full HRM screening of 290 samples did not match the initial 

theory set and this prompted further and deeper analysis by sequencing. Sanger sequencing 

results were first analysed on BioEdit Sequence Alignment Editor in order to check the 

chromatograms generated and modify the DNA sequences. Once the sequence has been 

refined, it was inputted into two different databases, namely the NCBI website and the 

European Molecular Biology Laboratory-European Bioinformatics Institute website (EMBL-

EBI), specifically the IPD-IMGT/HLA database. The IPD-IMGT/HLA database contains data for 

numerous human MHC sequences and forms part of the international ImMunoGeneTics 

project (IMGT). Numerous HLA allele hits were obtained for all the combinations obtained 

via Sanger sequencing and the highest number of hits helped in identifying the most 

common HLA allele present in a sample. 

Chromatogram analysis was crucial due to the mis-calling of nucleotide bases caused by 

computer errors, but which could easily be spotted by humans. Ambiguous bases labelled as 

‘N’ were sometimes easily identifiable by humans, or the opposite happened, where truly 

ambiguous peaks were wrongly identified as a base. These small errors go a long way in 

SNPs analysis, as one error can change the final HLA allele identified by adding or deleting 

SNPs. All the 28 ADR samples showed evenly-spaced, clear peaks with negligible baseline 

noise. Heterozygous peaks were identified by hand, where peaks were similar in height or 

with two different heights. All the different permutations and combinations obtained with 

the SNPs were used and inputted separately in NCBI and IMGT/HLA , in order to increase 

accuracy of HLA allele calls made. Once the DNA sequences were refined, we then moved 

on to HLA allele calling on NCBI and IMGT/HLA.  

Table 4.10 shows the results for the 28 gout patients who showed ADRs/hypersensitivity 

reactions. These results again defied the expected, where samples with ADRs from gout 

patients taking allopurinol should be showing the presence of the genetic marker HLA-

B*58:01 only. Results from Table 4.11 showed an interesting number of HLA-B alleles, 
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where some of them have been identified as genetic markers for other disease-drug 

associations in the pharmacogenomics field. Twenty-four (85.7%) out of the twenty-eight 

ADR samples were all males and Malays. The remaining four samples had 3 female patients, 

with two Malays and one of mixed ethnic groups, and one last Chinese male patient. 

IMGT/HLA results mostly yielded more general results with no decimal places to the HLA 

alleles, while more specific alleles were identified in NCBI, with up to 8 digits. There were 

numerous hits, as shown in Table 4.11, along with numerous SNPs identified (elaborated 

more in following sections). With those SNPs, different possible combinations of DNA 

sequences were entered into NCBI and IMGT/HLA for HLA allele calling (shown in Appendix 

G). One sample with 4 different rows, as shown for sample HLAG12, meant that there were 

4 combinations of sanger sequencing data possible and all were inputted in the websites 

separately and the results collected. One sequence yielded around 100 results and the HLA 

allele with the most hits was identified as the final HLA allele in the sample. 

Nine samples showed the presence of the HLA-B*58:01 allele, namely HLAG12, HLAG26, 

HLAG29, HLAG56, HLAG66, HLAP6, HLAP25, HLAP46 and HLAP60. This totalled to 32.1% of 

the 28 ADR samples containing the HLA-B*58:01 allele, as shown in Table 4.11. The HLA-

B*58:01 allele even presented itself up to 6 digits in all the 9 samples (HLA-B*58:01:01). 

However, only around 10 hits of HLA-B*58:01 alleles were found in the totality of the 100 

hits. Table 4.12 shows that the HRM possible positives did not match the positives evaluated 

by Sanger sequencing. All the 9 samples which showed presence of the HLA-B*58:01 allele 

as the first HLA-B allele and HLA-B*35:01:01 as the second allele.  Interestingly, these 9 

samples were linked to range of varied ADRs namely, exfoliative dermatitis, DRESS 

syndrome, AHS, itchiness, SJS and generalized rashes, respectively. Ethnicity wise, all 9 

samples were Malays and consisted of 8 males and 1 female patient. Other HLA-B*58 alleles 

were identified in smaller numbers, namely HLA-B*58:28, HLA-B*58:34 and HLA-B*58:65. 

Additionally, other HLA-B alleles were always found in combination in those 9 samples, such 

as HLA-B*58:02 and HLA-B*35:01:01:01, also present in 32.1% of the total ADR samples, as 

shown in Table 4.11. Some samples were heterozygous, such as HLA-B*40 and HLA-B*48 

which were shown in the result hits as B*40/B*48. Other alleles present in significant 

numbers were the HLA-B*15 and HLA-B*15:02 alleles, making up 17.9% and 14.3% of the 

ADR samples. HLA-B*44 and HLA-B*44:03:01 were the next most abundant alleles at 10.7% 
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each. Two samples, HLAP3 and HLAP51, had ADRs to both allopurinol and febuxostat, but 

none showed the presence of the HLA-B*58:01 allele. HLAP3 only had the HLA-B*44:03:01 

allele present, while HLAP51 showed the presence of two alleles, namely HLA-B*15:02 and 

HLA-B*14:02. Surprisingly, there were no HLA-A alleles found in all the 28 ADR samples. 

Furthermore, HLA-C alleles were also identified, with HLA-C*04 and HLA-C*04:01:01 having 

the highest presence at 14.3% each. Other HLA-C alleles identified were HLA-C*08:01, HLA-

C*07/07:02:01/07:04, HLA-C*12/12:02:01, HLA-C*15 and HLA-C*17.  

Based on the HRM difference melt curve analysis in the previous section, the 8 possible 

positive samples with close melt curves were not found to contain the HLA-B*58:01 allele by 

sanger sequencing, as shown in Table 4.12. Three samples contained the HLA-B*15:02 

allele, two contained the HLA-B*44:03:01 allele, while others contained the HLA-C*07:04 

allele and the heterozygous HLA-B*40/48 alleles. This showed that the matching of 

difference melt curves cannot be used as a definite HRM screening result, due to the 

presence of other HLA alleles. Further investigations will be necessary to elucidate the role 

of those HLA alleles and their link to the HLA-B*58:01 allele and their accompanying ADRs in 

gout patients. Following sections will investigate, SNPs present, along with Tm changes and 

the GC content of those ADR samples. These results challenge the one HLA-B allele 

association with one disease-drug association and shows that multiple HLA-B alleles could 

be responsible for the varied range of ADRs found in gout patients.  
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Table 4-10 HLA allele calling with the Sanger Sequencing results of the 28 gout samples with ADRs from NCBI and IMGT/HLA website. The final 
2 HLA-B alleles for each individual were shown in the fourth column, where the highest hit was called and linked to the ADRs observed in the 
samples. HLA-B alleles are simplified to B* and HLA-C alleles to C*. Some samples will have several rows due to the presence of numerous and 
corresponding SNPs. 

Sample 

Code 

NCBI BLAST results IMGT/HLA 

BLAST results 

Final 2 HLA-B alleles called ADR observed Gender Ethnicity 

HLAG12 B*35:01:01:01 

B*58:01:01 

B*58:01 

B*58:02 

B*58 B*58:01:01/B*35:01:01:01 Vasculitis rash Male Malay 

HLAG13 C*08:01 C*08 C*08:01/B*40:02:01 Mild allergy- itchiness Male Malay 

C*08:01 C*08 

B*40/48 B*48 

B*40:02:01 B*40 

HLAG18 C*04:01:01 C*04 C*04:01:01 Mild allergy- rash Male Malay 

C*04:01:01 C*04 

HLAG19 C*07:04 C*07 C*07:04 Mild allergy- itchiness Male Malay 

C*07:04 C*07 

HLAG26 B*35:01:01:01 

B*58:01:01 

B*58 B*58:01:01/B*35:01:01:01 Exfoliative dermatitis Male Malay 
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B*58:01 

B*58:02 

HLAG28 B*44:03:01 B*44 B*44:03:01 Mild allergy- itchiness Female Malay 

B*44:03:01 B*44 

B*44:03:01 B*44 

HLAG29 B*35:01:01:01 

B*58:01:01 

B*58:01 

B*58:02 

B*58 B*58:01:01/B*35:01:01:01 DRESS syndrome Male Chinese 

HLAG38 B*15:02 B*15 B*15:02 SJS Male Malay 

HLAG39 C*12 C*12 C*12:02 SJS Female Other 

C*12 C*12 

C*12:02 C*12 

C*12:02 C*12 

HLAG46 B*35:02 B*35 

B*58 

B*58:65 

B*58:28 

B*35:02/B*58 Allopurinol 

hypersensitivity 

syndrome- red eye + 

severe itchiness 

Male Malay 

B*35:02 B*35 

B*58 

B*58:65 

B*58:28 
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HLAG48 B*35:03:01 B*35 

B*58:34 

B*35:03:01/B*58:34 Tophi ruptured, allergy to 

allo 

Male Malay 

HLAG53 B*35:03:01 B*35 

B*58:34 

B*35:03:01/B*58:34 Rashes Male Malay 

HLAG56 B*35:01:01:01 

B*58:01:01 

B*58:01 

B*58:02 

B*58 B*58:01:01/B*35:01:01:01 DRESS- rash Male Malay 

HLAG64 B*15:02 B*15 B*15:02 Rashes Male Malay 

B*15:02 B*15 

HLAG66 B*35:01:01:01 

B*58:01:01 

B*58:01 

B*58:02 

B*58 B*58:01:01/B*35:01:01:01 Itchiness Male Malay 

HLAG68 B*15:02 B*15 B*15:02 Allergy to allo-

Anaphylaxis reaction 

Male Malay 

HLAG69 B*40:01 

B*48 

B*48 C*04:01:01:01/B*48 

 

Allergy to allopurinol Male Malay 

C*04:01:01:01 C*04 

C*04:01:01:01 C*04 

HLAP2 C*04:01:01:01 C*04 C*04:01:01:01 Generalised rash Male Malay 

HLAP3 B*44:03:01 B*44 B*44:03:01 Allergy to allopurinol- Male Malay 
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generalised rash + face 

swelling. Allergy to 

Febuxostat - rash 

HLAP6 B*35:01:01:01 

B*58:01:01 

B*58:01 

B*58:02 

B*58 B*58:01:01/B*35:01:01:01 

(ambiguous) 

SJS ( mouth and genitalia) Male Malay 

B*15 

B*57 

B*57 

B*35:01:01:01 

B*58:01:01 

B*58:01 

B*58:02 

B*58 

HLAP25 B*35:01:01:01 

B*58:01:01 

B*58:01 

B*58:02 

B*58 B*58:01:01/B*35:01:01:01 Generalized skin rash Male Malay 

HLAP37 B*56 B*56 C*04:01:01 Generalized rash Male Malay 

C*04:01:01 C*04 

C*04:01:01 C*04 

HLAP46 B*35:01:01:01 

B*58:01:01 

B*58 B*58:01:01/B*35:01:01:01 rash on face Female Malay 
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B*58:01 

B*58:02 

HLAP51 B*15:02 B*15 B*15:02/B*14:02 Allopurinol- exfoliative 

dermatitis + febuxostat 

allergy 

Male Malay 

B*15:02 B*15 

B*14:02 B*14 

HLAP52 C*12:02:01 C*12 C*12:02:01 Allergy to allopurinol- 

transaminitis- no rash 

seen. Another type of 

allergy? 

 

Male Malay 

HLAP56 B*44:03:01 B*44 B*44:03:01 Generalized rash+ skin 

eruptions (raised and flat 

eruptions), macular 

popular rash 

Male Malay 

B*44:03:01 B*44 

B*44:03:01 B*44 

HLAP60 B*35:01:01:01 

B*58:01:01 

B*58:01 

B*58:02 

B*58 B*58:01:01/B*35:01:01:01 Generalised rashes Male Chinese 

HLAP64 B*40:01:02 

B*48 

B*48 HLA-B*40/HLA-B*48 Severe allergy to 

allopurinol- angioedema + 

eye swelling 

Male Malay 

C*07:02:01 C*15 

B*40:02:01 C*17 
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Table 4-11 Percentage of each HLA-B allele found in all the 28 ADR samples, as per Sanger 
sequencing. 

HLA subgroup HLA alleles identified Number of samples 

containing the allele 

Total percentage of 

samples containing the 

allele in 28 ADR 

samples 

HLA-B HLA-B*58:01 9 32.1% 

HLA-B*58:02 9 32.1% 

HLA-B*58:01:01 9 32.1% 

HLA-B*58 9 32.1% 

HLA-B*15 5 17.9% 

HLA-B*15:02 4 14.3% 

HLA-B*35:01:01:01 9 32.1% 

HLA-B*35:02 1 3.6% 

HLA-B*35:03:01 2 7.1% 

HLA-B*40/ HLA-B*48 1 3.6% 

HLA-B*40:01 2 7.1% 

HLA-B*40:02:01 2 7.1% 

HLA-B*44:03:01 3 10.7% 

HLA-B*44 3 10.7% 

HLA-B*48 2 7.1% 

HLA-B*57 1 3.6% 

HLA-B*56 1 3.6% 

HLA-B*14:02 1 3.6% 

HLA-B*14 1 3.6% 

B*58:65 1 3.6% 

B*58:28 1 3.6% 

B*58:34 2 7.1% 
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Table 4-12 Comparison of possible HRM HLA-B*58:01 positive samples to HLA-B*58:01 

positive samples in Sanger sequencing, for the 28 ADR samples. 

Sample code HRM result Sanger sequencing result 

HLAG12 Negative Positive 

HLAG13 Negative Negative 

HLAG18 Negative Negative 

HLAG19 Positive Negative 

HLAG26 Negative Positive 

HLAG28 Positive Negative 

HLAG29 Negative Positive 

HLAG38 Positive Negative 

HLAG39 Negative Negative 

HLAG46 Negative Negative 

HLAG48 Negative Negative 

HLAG53 Negative Negative 

HLAG56 Negative Positive 

HLAG64 Positive Negative 

HLAG66 Negative Positive 

HLAG68 Positive Negative 

HLAG69 Positive Negative 

HLAP2 Negative Negative 

HLAP3 Negative Negative 

HLAP6 Negative Positive 

HLAP25 Negative Positive 

HLAP37 Negative Negative 

HLAP46 Negative Positive 

HLAP51 Negative Negative 

HLAP52 Negative Negative 

HLAP56 Positive Negative 

HLAP60 Negative Positive 

HLAP64 Positive Negative 
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4.5.2 Further analysis done on HRM results  

 

4.5.2.1 SNPs analysis with Melting point (Tm) and GC content  

 

Once the HRM difference melt curve was analysed, we moved on to try to find SNPs from 

the Sanger sequencing results and link it back to their base change and melting point (Tm) 

shift. Table 4.13 below shows the standard method used during HRM screenings in order to 

find the SNPs present and base change which is in turn affecting the Tm. Each class of SNP 

was related to a base change, along with a specific increase in temperature and curve shift 

as shown in Table 4.13 below. Using this method, all the 28 ADR samples were linked to 

their possible SNPs by aligning their Sanger sequencing FASTA sequence to their previously 

identified HLA allele hits. This was shown in detail for a few samples in Appendix G, with 

several aligned data sets and the final results was inputted into Table 4.14 and 4.15. In many 

cases, due to the presence of numerous SNPs, the total base change was cancelled out. 

 

Table 4-13 Standard SNP identification method by using base change and melting point of 
samples as variables. 

SNP class Base change Typical Tm curve shift Frequency in the 

human genome 

1 C/T and G/A Large (>0.5°C) 64% 

2 C/A and G/T Large (>0.5°C) 20% 

3 C/G Small (0.2-0.5°C) 9% 

4 A/T Small (<0.2°) 7% 

 

The difference in Tm is seen due to the DNA sequence variation (base change) in different 

samples compared to the reference DNA sequence used. The greatest change in 

fluorescence level will be seen at the Tm of the product, which is the point in a melt curve 

where 50% of DNA is in the dsDNA form and the other 50% is in the ssDNA form. Targets 

having higher GC content or a greater length will automatically have a higher Tm value. The 

difference in Tm was obtained from the melting point average recorded during the HRM run 

and by subtracting a sample’s Tm from that of the positive control. This calculation was 
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shown in detail in Appendix G and the final results inputted in Table 4.14 and 4.15 on the 

next page.  

From the first table for the 9 possible positive samples, the first two rows itself showed the 

same allele hit and base change getting different temperature shifts from their HRM melt 

curve. Moreover, these 2 samples (HLAG26 and HLAG29) showed a base change only for 

one HLA allele hit out of the four different hits previously identified by Sanger sequencing. It 

was difficult to identify a trend due to the erratic melting point change seen for similar base 

changes and samples with similar HLA allele hits. Table 4.15 showed the same erratic 

results, with the addition of 4 null and 5 negative values for the Tm change. Hence, these 

methods usually used failed to identify a specific trend for positive and negative samples 

due to erratic results.  

Table 4.16 showed the compilation of all the possible methods used to define the HRM 

trend in one table for better comparison purposes, for the 9 possible positive samples. This 

was done to try to link the base changes noted from the SNPs analysis to the HRM 

difference melt curve. Samples HLAG26 and HLAG29 both had a possible base change of two 

cytosine molecules (CC), but showed different melt curve shapes. Similar base changes 

usually caused a similar change in the shape of the HRM difference melt curve, hence 

allowing the association of specific base changes to a specific peak or curve shift on the 

difference melt curve. Samples HLAG46 and HLAG56 show this same erratic result, with 

different Tm changes for the same possible base change (TAA) and the same HLA allele 

linked to the possible SNP. Their HRM difference melt curves showed completely opposite 

results with HLAG46 showing downward double-peaks, while HAG56 showed upward peaks 

with different slopes and shape. Thus, the HRM difference melt curve shift cannot be 

quantified and linked to specific base changes, SNPs and Tm changes. Other variables must 

be present in all the aforementioned results, which were in turn changing the results 

obtained from the expected results. 
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Table 4-14 Base changes seen in the 9 possible positive samples, along with their linked HLA 
alleles and Tm change. 

Sample Base change noticed in 

Sanger sequencing  

HLA-B allele discovered linked 

to base change 

Tm change 

(°C) 

HLAG26 CC  B*58:02 2.7 

HLAG29 CC  B*58:02 0.1 

HLAG46 TAA  B*35 0.4 

HLAG56 TAA  B*35 0.1 

HLAG66 TAA or CC  B*35 or B*58:02 0.4 

HLAP6 None None 0.85 

HLAP25 TAA or CC B*35 or B*58:02 0.8 

HLAP46  GGGG or TAA B*15 or B*35 0.35 

HLAP60 TAA  B*35 0.55 
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Table 4-15 Base changes seen in the 19 negative samples, along with their linked HLA alleles 
and Tm change. 

Sample Base change noticed in Sanger 

sequencing  

HLA-B allele discovered linked 

to base change 

Temperature 

change (°C) 

HLAG12 None  None 0.3 

HLAG13  GA or AG  B*40 or B*48 0.1 

HLAG18 G C*04 0.2 

HLAG19  CCCC  C*07 0 

HLAG28 GGAA  

 

B*44:02 0 

HLAG38 GGGG or GGGA  B*15:01 or B*15:02 0.15 

HLAG39 GC  B*12:02:02 0.25 

HLAG48 T B*35:03:01 0.2 

HLAG53 T or AA B*35:03:01 or  B*35:02:02 -0.05 

HLAG64 GGGG or GGGA  B*15:01 or B*15:02 0 

HLAG68 GGGG or GGGA  B*15:01 or B*15:02 0 

HLAG69  GA or AG  B*40 or B*48 -0.05 

HLAP2 G  C*04 -0.6 

HLAP3 GGA or GGAA  44:03:01 or B*44:02 -0.95 

HLAP37 TTA  B*56 0.35 

HLAP51 GGGA  B*15:02 0.3 

HLAP52 GC  B*12:02:02 0.15 

HLAP56 GGA 

 

B*44:03:01 -0.05 

HLAP64  GA or AG  B*40 or B*48 -0.1 
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Table 4-16 Compilation of all the different variables used to identify a trend in the HRM results for the 9 possible positive ADR samples. Sanger 
sequencing results from Table 4.11 were also added into 2 columns based on their databases. HRM difference melt curves and ADRs observed 
were shown in the last two columns. 

Sample Temperature 

change 

(degrees) 

Possible base 

change + 

associated allele  

NCBI BLAST IMGT/HLA 

BLAST 

HRM difference melt curve ADRs manifested 

HLAG26 2.7 CC (58:02) B*53, B*35, 

B*58:01, 

B*58:02 

All B*58  

 

Exfoliative dermatitis 

HLAG29 0.1 CC (58:02) B*53, B*35, 

B*58:01, 

B*58:74, 

B*58:02 

All B*58 

 

 

DRESS Syndrome 
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HLAG46 0.4  TAA (B*35) B*53, B*35, 

B*58:28, 

B*35:02, 

Numerous 

B*35 , 58:65 

 

Allopurinol 

hypersensitivity 

syndrome- red eye + 

severe itchiness 

HLAG56 0.1 TAA (B*35) B*53, B*35, 

B*58:62, 

B*58:74 

All B*58 

 

DRESS- rash  

HLAG66 0.4 TAA (B*35) OR 

CC (58:02) 

B*53, B*35, 

B*58:01, 

58:02, 

B*58:74 

All B*58 

 

Itchiness  
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HLAP6 0.85 - B*15, 

B*15:02, 

58:06, 58:01, 

58:02 

B*15, B*44, 

B*53,  58:01, 

58:91, 58:19 

 

SJS ( mouth and 

genitalia) 

HLAP25 0.8 TAA (B*35) OR 

CC (58:02) 

B*35, B*53, 

B*15, , 

58:74, 58:01, 

58:02 

All B*58 

 

Generalized skin rash 

HLAP46 0.35 B*15(GGGG) OR 

TAA (B*35) 

B*35, B*53, 

B*15, , 

58:01, 58:02, 

57 

All B*15, 

58:97 

 

rash on face 

HLAP60 0.55 TAA (B*35) B*35, B*53, 

B*15, , 

58:01, 58:02, 

58:74 

All B*58 

 

Generalized rashes 
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4.5.3 Combined HRM analysis and Sanger sequencing results for healthy volunteers 

 

This section will use all the aforementioned HRM analysis methods in order to find a trend 

in the normal, healthy volunteer batch. Table 4.18 combined the HRM difference melt 

curves, Sanger sequencing results, gender and ethnic group, in order to allow proper 

analysis. 10% of the normal sample cohort (14 samples) were sent for Sanger sequencing 

and samples were selected randomly, in order to avoid bias.  

In terms of HRM melt curve shape analysis and by using the aforementioned threshold (20 

to -20), 51 samples were called as positive and 94 samples as negative for the HLA-B*58:01 

allele. This shows a greater percentage of samples being called as positive (35%) compared 

to the gout cohort (15%). In the 14 sequenced samples specifically, 6 samples had close 

HRM curves (threshold 20 to -20), namely, NS97, NS11, NS6, NS26, NS28, NS95. 

Interestingly, Table 4.17 showed the presence of 4 samples with the HLA-B*58:01:01 allele, 

along with the previously linked HLA-B*35:01:01 allele. These samples were N54, N33, NS37 

and NS95, with a distribution of gender and race more or less similar to the ADR samples. 

Sample NS95, showed the presence of HLA-B*58:01 allele via sanger sequencing and a 

possible positive HRM curve. This shows that HLA-B*58:01 is a significant allele seen, even in 

the absence of gout and accompanying ADRs. The most abundant alleles (in Table 4.17) 

were HLA-B*15, HLA-B*35, HLA-B*53, followed by their variants HLA-B*15:02, HLA-B*15:21, 

HLA-B*35:01:01, HLA-B*53:01:01, as well as HLA-B*58 and HLA-B*58:01:01.  

The sequencing results for the normal samples showed HLA-B*15/35/53 as the highest hit, 

compared to HLA-B*58/35, and their several variants, being the highest in the ADR samples. 

Moreover, more variants of the HLA-B*58 allele were identified at higher percentages in 

gout/ADR samples, compared to the normal samples. This shows that HLA-B*58 and its 

variants are associated and seen more in gout samples with ADRs, compared to the normal 

sample cohort.  Other alleles, namely HLA-B*57 and HLA-B*40/48 were again not found in 

normal samples, but only in gout/ADR samples. More variants of the HLA-B*15 allele were 

found in the normal samples, compared to the gout/ADR samples. The HLA-B*35 allele had 

similar variants in both cohort, but were present at a higher percentage in normal samples. 

The HLA-B*13 alleles were found only in normal samples, and not in gout/ADR samples. This 
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shows a trend, where HLA-B alleles previously linked closely to the HLA-B*58:01 allele in 

gout/ADR samples were not present in normal samples.  

No trend was seen again in HRM curve shape amongst the 4 positive samples identified, 

similar to ADR samples. NS6 was the only sample showing the presence of the HLA-B*35:01 

and HLA-B*53:01 alleles, without any HLA-B*58:01 hit like the 4 normal, positive samples. 

Samples identified with close HRM curves, namely NS11, NS26 and NS28, all had HLA-B*15 

alleles as the highest hit, thus showing that HRM curve shape was influenced by the 

presence of numerous alleles, and not just the desired, HLA-B*58:01 allele. This was further 

validated by sample NS68, which had the HLA-B*15 alleles as highest hit, but had a huge 

difference in the HRM curve shape.  

The sequencing results for the normal samples confirm what was previously seen in 

gout/ADR samples. Numerous HLA-B alleles were present even in normal, healthy 

volunteers and this distorted the HRM curve shapes and prevented a final screening result 

to be announced on HRM curve shape only. The HLA-B*58:01 allele had a higher percentage 

in gout/ADR samples, but was still present in normal samples, showing its widespread 

presence in the Malaysian population. A set of HLA-B alleles were seen accompanying the 

HLA-B*58:01 allele here too and other unseen HLA-B alleles were also added to that list in 

normal samples. 
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Table 4-17 Summary of HLA-B alleles present in the 14 sequenced normal samples. 

HLA subgroup HLA alleles 

identified 

Number of samples 

containing the allele 

Total percentage of 

samples containing 

the specific allele  

HLA-B HLA-B*15 5 35.71 

HLA-B*35 5 35.71 

HLA-B*53  5 35.71 

HLA-B*58:01:01 4 28.57 

HLA-B*58 4 28.57 

HLA-B*15:21 4 28.57 

HLA-B*15:02 4 28.57 

HLA-B*35:01:01 4 28.57 

HLA-B*53:01:01 4 28.57 

HLA-B*44:03:01 2 14.29 

HLA-B*44 2 14.29 

HLA-B*15:02:01 1 7.14 

HLA-B*13 1 7.14 

HLA-B*13:02 1 7.14 

HLA-B*13:01:01:01 1 7.14 

HLA-B*35:03:01 1 7.14 

HLA-B*35:02:02 1 7.14 
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Table 4-18 14 random normal samples Sanger sequencing results for P3 primer and exon 3. 

Sample 

code 

2 HLA alleles identified by 

Sanger sequencing 

Gender  Ethnic 

group 

HRM screening result HRM Difference melt curve 

N54 HLA-B*35:01:01 

HLA-B*58:01:01 

 

Male Chinese Negative 

 

N33 HLA-B*35:01:01 

HLA-B*58:01:01 

 

Male Malay  Negative 
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N38 HLA-C*07:02:01 

HLA-C*15:05 

  

Male Malay  Negative 

 

N5 HLA-B*44:03:01 

 HLA-B*44 

Female Malay Negative 
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NS34 HLA-B*44:03:01 

HLA-B*15 

Female Malay Negative 

 

NS97 HLA-B*13:01:01:01 

HLA-B*13:02 

 

Male Chinese Possible positive 
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NS11 HLA-B*15:02:01 

HLA-B*15:21 

Male Malay  Possible positive 

 

NS6 HLA-B*35:03:01 

HLA-B*53 

Female Malay Possible positive 
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NS37 HLA-B*35:01:01 

HLA-B*58:01:01 

 

Female Malay Negative 

 

NS26 HLA-B*15:02 

HLA-B*15:21 

Female Malay Possible positive 
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NS28 HLA-B*15:02 

HLA-B*15:21 

Female Malay Possible positive 

 

NS68 HLA-B*15:02 

HLA-B*15:21 

Female Malay Negative 
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NS296 HLA-C*15:02:02, 

HLA-C*15:10:02 

Male Malay  Negative 

 

NS95 HLA-B*35:01:01 

HLA-B*58:01:01 

Male Chinese Possible positive 
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4.6 Evaluation of the HRM method 

 

4.6.1 Sensitivity, specificity, positive predictive value and negative predictive value 

 

The HRM screening method was evaluated here against the Sanger sequencing method to 

detect presence of the HLA-B*58:01 allele. Sanger sequencing was done on 28 ADR/SCARs 

gout patients and yielded 9 HLA-B*58:01 positive samples and 19 HLA-B*58:01 negative 

samples. However, none of these 9 positive samples were identified as positive by the HRM 

curve analysis results. Sanger sequencing was also done on 14 healthy volunteers, yielding 4 

HLA-B*58:01 positive samples and 10 HLA-B*58:01 negative samples. Out of these 10 

negative results, 5 were also found negative by the HRM curve analysis results.  

Values extracted from this study;  

True positives are positive results in the HRM screening and in the sanger sequencing 

results. However, none match, a= 0 

False positives are positive results obtained by HRM screening but negative by sanger 

sequencing, b=12 

False negative are samples with negative HRM screening results, but which are positive on 

sanger sequencing c= 12 

True negatives are samples with negative Sanger sequencing and HRM  results, d= 16 

Therefore, 

Sensitivity= 0 

Specificity= 0.57 = 57% 

Positive predictive value= 0 

Negative predictive value= 0.57 = 57% 

Hence, the HRM method has a sensitivity of 0, specificity of 57%, positive predictive value of 

0 and negative predictive value of 57%. 
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4.6.2 Statistical Analysis  

 

4.6.2.1 Fisher’s exact test 1 

 

Null hypothesis: There is no association in the HLA-B*58:01 allele’s distribution between the 

healthy volunteer cohort and the gout cohort. 

Alternative hypothesis: There is an association in the HLA-B*58:01 allele’s distribution 

between the healthy volunteer cohort and the gout cohort. 

The Fisher’s exact test  (2-sided), shows that there is no significant association, based on the 

p value of 2.496 (p>0.05) from the Pearson Chi-Square test. No Fisher’s exact test value was 

obtained, owing to the larger sample size. Thus there is no significant association in the HLA-

B*58:01 allele’s distribution between the healthy volunteer cohort and the gout cohort. 

Table 4-19 Fisher’s exact test for the association in the HLA-B*58:01 allele’s distribution 

between the healthy volunteer cohort and the gout cohort. 

 Value Df Asymp. Sig. (2-

sided) 

Exact Sig. (2-

sided) 

Pearson Chi-

Square 

2.496 1 0.114 0.228 

Likelihood Ratio 1.516 1 0.218 0.228 

Fisher’s Exact 

Test 

-   0.228 

N of valid cases 145    
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4.6.2.2 Fisher’s exact test 2 

 

Null hypothesis: There is no association between HLA-B*58:01’s presence and the different 

ethnic groups in the gout cohort.  

Alternative hypothesis: There is an association between HLA-B*58:01’s presence and the 

different ethnic groups in the gout cohort. 

The value of the Fisher’s exact test (2-sided) statistic is 2.003, which results in a p value of 

0.737(p>0.05) as shown in Table 4.20 below. Thus there is no association between presence 

of HLA-B*58:01 allele and the different ethnic groups in the gout cohort.  

Table 4-20 Fisher’s exact test for HLA-B*58:01’s association with the different ethnic groups 
in the gout cohort. Pearson Chi-squared test was also carried out in parallel. 

 Value Df Asymp. Sig. (2-

sided) 

Exact Sig. (2-

sided) 

Pearson Chi-

Square 

0.268 3 0.966 1.000 

Likelihood Ratio 0.451 3 0.930 1.000 

Fisher’s Exact 

Test 

2.003   0.737 

N of valid cases 145    
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4.6.2.3 Fisher’s exact test 3 

 

Null hypothesis: There is no association between HLA-B*58:01’s presence and the different 

ethnic groups in the healthy volunteer cohort 

Alternative hypothesis: There is an association between HLA-B*58:01’s presence and the 

different ethnic groups in the healthy volunteer cohort 

The value of the Fisher’s exact test (2-sided) statistic is 12.389, which results in a p value of 

0.181 (p>0.05) as shown in Table 4.21 below. Thus there is no association between presence 

of HLA-B*58:01 allele and the different ethnic groups in the volunteer cohort too. 

 

Table 4-21 Fisher’s exact test for HLA-B*58:01’s association with the different ethnic groups 

in the healthy volunteer cohort. Pearson Chi-squared test was also carried out in parallel. 

 Value Df Asymp. Sig. (2-

sided) 

Exact Sig. (2-

sided) 

Pearson Chi-

Square 
7.788 6 0.254 0.181 

Likelihood Ratio 6.858 6 0.334 0.128 

Fisher’s Exact 

Test 
12.389   0.181 

N of valid cases 145    
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4.6.2.4 One Way ANOVA 

 

Null hypothesis: There is no link between HLA-B*58:01’s presence and the different types of 

allopurinol-induced hypersensitivity reactions seen. 

Alternative hypothesis: There is a link between HLA-B*58:01’s presence and the different 

types of allopurinol-induced hypersensitivity reactions seen. 

Before doing one way ANOVA, the homogeneity of variance of the data needs to be 

confirmed, as shown in Table 4.22 below. The p value is 0.491, greater than 0.05, thus data 

met the assumption of homogeneity of variance. Thus one way ANOVA can be conducted. 

Here, all allergies were grouped under hypersensitivity observed and HLA-B*58:01 presence 

and absence was labelled as positive and negative. All of the data was made uniform for all 

allopurinol allergies and transformed to numerical values and the test was conducted. One 

way ANOVA showed p= 0.905 (as shown in Table 4.23 below.), hence showing no significant 

difference (p>0.05) between different types of allergies and the presence or absence of the 

HLA-B*58:01 allele. Therefore allele here is not strongly linked to diff types of allergic 

reactions. 

Table 4-22 Test of Homogeneity of Variances for all the hypersensitivity observed. 

Levene Statistic df1 df2 Sig. 

.489 1 26 0.491 

 

Table 4-23 One Way ANOVA carried out for HLA-B*58:01’s presence in the different types of 
allopurinol-induced hypersensitivity reactions seen. 

 Sum of 

Squares 

Df Mean 

Square 

F Sig. 

Between 

Groups 

0.201 1 0.201 0.014 0.905 

Within 

Groups 

361.906 26 13.919   

Total 362.107 27    
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4.7 NGS Result compilation  

 

4.7.1 Overall NGS Run results 

 

NGS was done on the HLA-B region on the MiSeq system along with a team of experienced 

people for proper guidance in UMBI’s laboratory and after the different layers of 

complicated analysis with the help of an experienced bioinformatician in UMBI the results 

were tabulated. This section will be divided into three parts, with the first one dealing with 

the sequencing quality control done by using the Sequence Analysis Viewer (SAV) from 

Illumina and the FastQC analysis reports for each sample. Once this step is done, 

downstream analysis will be performed, first with only the 6 gout samples and finally with of 

the 96 samples together. 

 

4.7.2 Sequencing Quality Control  

The first set of crucial results for the NGS run was the sequencing performance on the 

MiSeq system, that is the data quality and total data output and yield. The Sequence 

Analysis Viewer (SAV) was used to monitor the sequencing during the NGS run and to check 

the QC after the run on BaseSpace. The first result generated was the Run and Lane metrics 

table shown below, with the yield, error rate and % Q30. The Qscore or Q30 value was used 

as a quality control and shows if 99.9% of the bases are correct for the NGS done. Most 

Illumina runs will generate >70-80% Q30 data and this NGS run had a value of 91.79%, 

which was considered a very good Q30 value, along with very good quality of data 

generated (shown in Table 4.24). Graph A and B in Figure 4.7 both showed a good clustering 

of data without any sudden drop or erratic data. Graph C showed the optimal density range 

with the density box plots close together and a good cluster %PF value of 83.41% ± 5.17. 

Appendix H shows the good Fast Q scores of 38-40 for all samples and high percentages 

mapped to the human genome. Trimming was done with parameters adjusted to a score of 

20, showing that 75% of the reads were left for alignment and analysis.  Mapping was done 

to the full Human genome. A Kaviar p value less than 0.05 was obtained, along with low 

error rate of 0.54% shown in Table 4.30, showing accuracy of results. The few non-HLA-B 
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hits identified in a few samples were seen to be mapped to 89.61% of the human genome, 

with a still high percentage enough to show no deviation.  

 

Table 4-24 Per Read metrics extracted from BaseSpace, showing the yield, error rate and 
%≥Q30. 

 Cycles Yield 

(Mbp) 

Projected 

yield 

Aligned 

(%) 

Error rate 

(%) 

Intensity 

cycle 1 

% ≥ Q30 

Read 1 151 136.56 136.56 1.37 0.50 131 93.91 

Read 2 (I) 8 6.37 6.37 0.00 0.00 532 92.39 

Read 3 (I) 8 6.37 6.37 0.00 0.00 554 93.48 

Read 4 151 136.56 136.56 1.36 0.57 114 89.57 

Non-Index 

Reads total 

302 273.12 273.12 1.37 0.54 122 91.74 

Totals 318 285.87 285.87 1.37 0.54 333 91.79 
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Figure 4-7 Compilation of 3 graphs for QC check, where graphs A and B showed Data by cycle against 
%>=Q30 and FWHM respectively, followed by graph C showing Data by Lane against density. 
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4.7.3 Standard method of NGS analysis for all SNPs 

 

Each sample’s result were detailed with their identified SNPs and corresponding HLA allele 

called. The SNP number was first entered in dbSNP in NCBI in order to get a specific DNA 

sequence (FASTA format), along with the different base change possible. The obtained 

FASTA sequence was copied into the Nucleotide Similarity Search from NCBI and 2 

databases were selected from IMGT’s dropdown list, namely IMGT/HLA (cds) and IMGT/HLA 

(genomic). All the possible combinations were entered and the results were compiled with 

the HLA alleles with the highest presence in each sample, hence explaining the numerous 

HLA hits shown in the following Tables. Here, the hit B*48, for example, indicates a wide 

range of B*48 alleles (B*48:01- B*48:98) identified with one hit each, hence one allele 

cannot be called specifically. One complete and detailed example of SNPs and HLA allele hit 

analysis was shown in Table 4.25 on the following page. All the 96 NGS samples were 

analysed in the exact same way for all following NGS sections. 

Table 4.25 shows the list of SNPs identified first, followed by the target area identified from 

NGS done, that is, the HLA-B region.  In the first two lanes, even in the presence of 2 

different base changes, no HLA alleles or other hits were identified, showing that is a novel 

SNP found and is classified as such in the all the NGS results. Other rows from Table 4.25, 

showed a minimum one 1 base change possible to a maximum of 4 base change possible 

and all the hits are combined to see which HLA alleles are most prominent. One base change 

yields a total of 100 HLA allele hits, with the highest similarity from the NCBI and IMGT/HLA 

database. One SNP identified can have a maximum of 4 different possible base change, 

which in turn yielded a total of 400 possible HLA allele hits. This shows that the NGS results 

obtained were aligned to a large number of HLA alleles in order to see the most prominent 

alleles. In some cases, the different base changes for one SNP identified numerous, different 

HLA alleles, while in other cases, all base changes identified only one HLA allele. The latter 

was seen in the second half of the Table 4.25, specially for HLA-B*56 hits. 
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Table 4-25 Full details of how SNPs and HLA allele hits were analysed for sample HLAG12. 

SNPs Identified 

by NGS 

Target 

area from 

NGS 

Variant from IMGT/HLA BLAST 
 

Final HLA allele call 1st base + hits 2nd base + hits 3rd base + hits 4th base + hits 

rs2395474 HLA-B no hits - novel SNP A- no hits G- no hits - - 

rs7762909 HLA-B no hits - novel SNP A- no hits G-no hits - - 

rs2308655 HLA-B B*58:01/B*57:01 C-B*58:01 G-B*57:01 - - 

rs3926873 HLA-B no hits - novel SNP A- no hits C- no hits T-no hits - 

rs2442717 HLA-B B*40/ B*58:01 A- B*58:01 C- B*58:01 G- B*40 - 

rs2596497 HLA-B B*58:01/B*40 C-58:01 T -B*40 - - 

rs17193040 HLA-B no hits - novel SNP G- no hits T- no hits - - 

rs1130992 HLA-B B*48/B*48:01/39/44/58 A- B*39 C- B*48 (48:01) G- B*48; B*44 

(B*58 once) 

- 

rs1050823 HLA-B B*58 (58:66-58:97)/39 C-B*39 T - B*58:97-58:52 - - 

rs709052 HLA-B B*58/59/57/78/67 A- B*58/B*59 C- B*57:03/B*57 G-

B*78/B*67/B*59/B

*58 

T-B*58:50-

58:97 

rs1050747 HLA-B E*01:01:01/E*01:03 , C*17, 

B*40 

C- E*01:01:01/E*01:03 ; 

C*17 

T- B*40 - - 

rs375356947 HLA-B C*17:03-17:41 only one possibility - - - 

rs3180380 HLA-B B*67/B*78/B*81/B*82 B*58:01 once - - - 
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rs576010607 HLA-B B*56/B*67 only one possibility - - - 

rs540530530 HLA-B B*56/B*67/B*78/B*81 only one possibility - - - 

rs3190923 HLA-B B*56 C- B*56 numerous G- B*56 numerous T - B*56 numerous - 

rs1050388 HLA-B B*56 A- B*56 numerous G- B*56 numerous - - 

rs1131215 HLA-B B*56 A- B*56 numerous C- B*56 numerous G- B*56 numerous T - B*56 

numerous 

rs750527298 HLA-B B*56 C- - B*56 numerous C-- B*56 numerous - - 

rs749557905 HLA-B B*56 GA- - B*56 numerous TT- B*56 numerous - - 

rs1131204 HLA-B B*56 A- B*56 numerous C- B*56 numerous G- B*56 numerous - 

rs1071816 HLA-B B*56 A- B*56 numerous C- B*56 numerous G- B*56 numerous T- B*56 

numerous 

rs1050564 HLA-B B*56; B*59 only one possibility - - - 

rs1050517 HLA-B B*81/B*67 B*58:01 once - - - 

rs147324178 HLA-B A*24 only one possibility - - - 
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4.7.4 Analysis of NGS done on 6 gout samples 

 

4.7.4.1 Detailed NGS analysis for the 6 gout samples 

 

The 6 gout samples sent for NGS in 2017, were the only ones available with the more severe 

ADRs/SCARs, hence went in the NGS run in 2017. The NGS results for the 6 gout samples 

show similar results to the sanger sequencing results, where the SNPs identified on samples 

showed numerous HLA alleles hits and not just one specific allele. This is due to the broad 

target of the HLA-B primer used, which amplifies the whole 4000bp of this region. The 6 

tables compiled on the following pages show the detailed SNPs list along with their 

respective final HLA hits for the 6 gout samples.  Samples HLAG12, HLAG19, HLAG26 and 

HLAG28 had more HLA-related SNPs and HLA allele hits compared to the other three 

samples. HLAG12 showed a wide range of HLA hits in Table 4.26, ranging from HLA-A, HLA-

B, HLA-C, HLA-E and even MICB gene. The HLA-B*56 had the highest hit number from 10 

different SNPs. HLA-B*58 (2 hits) and HLA-B*58:01 (3 hits) were seen, along with single hits 

of the following alleles; HLA-B*57:01, HLA-B*48/67/78/81 and HLA-A*24. Only one HLA-

A*24 and HLA-C*17 hit were seen in the whole table. The HLA-B*58:01 allele was seen 

linked to the HLA-B*57:01 and HLA-B*40 alleles here and present once in 2 other SNPs.  

Labelling of a hit as HLA-B*58 means that too many HLA-B*58 alleles were found and the 

main allele only was written. 

Sample HLAG19, in Table 4.27, showed only 3 hits, but identified common HLA-B alleles. 

HLA-B*58:01, HLA-B*57:01 and HLA-B*40 were seen in 2 SNPs each. The HLA-B*58:01 allele 

was seen linked to the HLA-B*57:01 and HLA-B*40 alleles here and this was also seen in 

sample HLAG12 previously. HLAG26 had numerous novel SNPs and only HLA-B*15:01:01:02 

was identified twice, as seen in Table 4.28. Some of the novel SNPs had other results such as 

intronic variants (LOC105377891 & LOC105377899) and transcription factors (JARID2). 

HLAG28 showed triple hits for the HLA-B*58:01 allele and double hits for the HLA-B*58 and 

HLA-B*40 alleles in Table 4.29. The HLA-B*58:01 allele was seen linked to the HLA-B*57:01 

and HLA-B*40 alleles again, as previously seen in samples HLAG12 and HLAG19. Only HLA-
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B*48 and HLA-A*24 were seen as single hits, in one SNP each. Other HLA alleles seen were 

all seen once and linked to other alleles, along with a total of 3 different novel SNPs. 

The positive control and sample HALG29 both had only one hit for HLA-A*31:37, along with 

several novel SNPs, as shown in Tables 4.30-4.31. Only samples HLAG12, HLAG19 and 

HLAG28 showed presence of the HLA-B*58:01 allele amongst the 5 samples and the positive 

control sent for the NGS. Sample HLAG12 had the HLA-B*58:01 allele detected by sanger 

sequencing and sample HLAG28 was a possible positive detected by the HRM method. 

Samples HLAG12 and HLAG28 showed presence of numerous HLA-B*58 alleles, along with 

other common alleles such as HLA-B*57:01, HLA-B*48/56/67/81 and HLA-A*24. However, 

these results were not completely decoded due to a high number of novel SNPs identified 

for each sample, as no match were found in the global NCBI dbSNP database or IMGT/HLA 

database online. More gout samples with SCARs need to be sent for NGS in the future for 

better and more in-depth analysis. 

Table 4-26 SNPs identified from NGS results accompanied by HLA allele calling for sample 
HLAG12. 

SNPs identified for HLAG12 HLA allele calling 

rs2395474 no hits – novel SNPs 

rs7762909 no hits – novel SNPs 

rs2308655 B*58:01/B*57:01 

rs3926873 no hits- novel SNPs 

rs2442717 B*40/58:01 

rs2596497 B*58:01/B*40 

rs17193040 no hits – novel SNPs 

rs1130992 B*48/B*48:01/39/44/58 

rs1050823 B*58 (58:66-58:97)/39 

rs709052 B*58/59/57/78/67 

rs1050747 E*01:01:01, E*01:03 , C*17,  B*40 

rs375356947 C*17 (C*17:03-17:41) 

rs3180380 B*67, B*78, B*81, B*82,  B*58:01 once 

rs576010607 B*56, B*67 

rs540530530 B*56, B*67, B*78, B*81 

rs3190923 B*56 
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Table 4-27 SNPs identified from NGS results accompanied by HLA allele calling for sample 
HLAG19. 

SNPs identified for HLAG19 HLA allele calling 

rs41561016 58:01/57:01 

rs41543314 B*40/B*48/ 57:01 

rs2596497 B*58:01/B*40 

 

Table 4-28 SNPs identified from NGS results accompanied by HLA allele calling for sample 
HLAG26. 

SNPs identified for HLAG26 HLA allele calling 

rs9266193 B*15:01:01:02 

rs9266194 B*15:01:01:02 

rs9464782 JARID2 

rs9464782 no hits – novel SNPs 

rs9632507 no hits – novel SNPs 

rs9632508 no hits – novel SNPs 

rs60367535 LOC105377891 

rs1906960 LOC105377899 

 

 

 

rs1050388 B*56 

rs1131215 B*56 

rs750527298 B*56 

rs749557905 B*56 

rs1131204 B*56 

rs1071816 B*56 

rs1050564 B*56, B*59 

rs1050517 B*81, B*67,  B*58:01 once 

rs147324178 A*24 



298 
 

 

Table 4-29 SNPs identified from NGS results accompanied by HLA allele calling for sample 
HLAG28. 

SNPs identified for HLAG28 HLA allele calling 

rs2395474 no hits – novel SNPs 

rs2308655 B*57:01/B*58:01 

rs3926873 no hits – novel SNPs 

rs2442717 B*58:01/B*40 

rs2596497 B*58:01/B*40 

rs17193040 no hits – novel SNPs 

rs1130992 B*48 

rs1050823 B*58 numerous (B*58:66-58:97) 

rs709052 B*58 numerous (B*58:50-58:97) 

rs1050564 B*56; B*59 

rs1050517 B*67, B*81, B*48, B*51, B*58 

rs147324178 A*24 

  

 

Table 4-30 SNPs identified from NGS results accompanied by HLA allele calling for sample 
HLAG29. 

SNPs identified for HLAG29 HLA allele calling 

rs116039287 no hits – novel SNPs 

rs7774984 no hits – novel SNPs 

rs74948045 no hits – novel SNPs 

rs6911090 LOC105377975 - intron variant 

rs1856859 A*31:37, CCDC170- intron variant 

rs10644644 no hits – novel SNPs 

rs67830808 no hits – novel SNPs 

rs9364495 no hits – novel SNPs 
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Table 4-31 SNPs identified from NGS results accompanied by HLA allele calling for the 
positive control. 

SNPs identified for the positive control HLA allele calling 

rs116039287 no hits – novel SNPs 

rs7774984 no hits – novel SNPs 

rs74948045 no hits – novel SNPs 

rs6911090 LOC105377975 - intron variant 

rs1856859 A*31:37, CCDC170- intron variant 

rs10644644 IPCEF1- intron variant 

rs67830808 IPCEF1- intron variant 

rs9364495 SYTL3 (94120) 

 

4.7.4.2 Comparing Sanger sequencing results to NGS results for 6 gout samples 

 

The Sanger sequencing results for those 6 samples were compared to the NGS results in 

order to see if any HLA allele hits were similar in Table 4.36. Only sample HLAG12 matched 

its Sanger sequencing and NGS results, with numerous HLA-B*58 alleles and the HLA-

B*58:01 allele in common. Interestingly, this similarity of NGS and Sanger sequencing results 

happened in a sample with vasculitis rash only, and no severe SCARs like SJS/TEN/DRESS. 

The positive control (PC5801) and sample HLAG29 showed similar NGS results, with only 

HLA-A*31:37 identified in both and their Sanger sequencing results both showed presence 

of HLA-B*58:01. These two samples had SJS and DRESS syndrome respectively, considered 

amongst the most severe type of SCARs. Here, Sanger sequencing identified the desired 

allele and not NGS, which was intriguing when based on the level of complexity of both of 

these sequencing methods.  

Sanger sequencing identified the presence of HLA-B*58:01 in 4 samples (PC58:01, HLAG12, 

HLAG26, HLAG29), while NGS identified this allele in 3 samples (HLAG12, HLAG19, HLAG28). 

When observing both methods of sequencing across all those 6 samples, the HLA-B*58:01 

allele has been identified in at least one method for all samples. When taking into 

consideration the ADRs and SCARs first, all the various types seen in Table 4.36 were seen to 

be associated with the HLA-B*58:01 allele at least once. Samples HLAG19 and HLAG28 were 
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the only samples without the HLA-B*58:01 allele identified in Sanger sequencing, but this 

was challenged by the presence of SNPs carrying the HLA-B*58:01 allele in the NGS method. 

Furthermore, both samples had itchiness as ADRs and they both had the HLA-B*57:01, HLA-

B*40 and HLA-B*48 alleles in common. Sanger sequencing previously showed presence of 

the HLA-B*35:01:01 and HLA-B*58:02 alleles always accompanying the HLA-B*58:01 allele, 

but this wasn’t seen in the NGS results for the gout samples as shown in Table 4.36. The 

HLA-B*44 allele was found by Sanger sequencing in the HLAG28 sample and by NGS in the 

HLAG12 allele.  

The two samples with the highest number of total HLA hits for both sequencing methods 

were HLAG12 and HLAG28. Both samples had milder forms of ADRs, with vasculitis rash and 

itchiness, respectively. These two samples differed greatly in their sanger sequencing 

results, but had numerous alleles common in their NGS results, namely, HLA-B*58:01, HLA-

B*57:01, HLA-B*40, HLA-B*48, HLA-B*67, HLA-B*81, HLA-B*56, HLA-B*59 and HLA-A*24. 

The HLA-B*58:01 and HLA-B*57:01 alleles were both linked to those samples and have both 

been identified previously as genetic markers in the pharmacogenomics field. This shows 

the possible involvement of numerous alleles, even in milder ADR cases. Some samples 

contained too many novel SNPs in the NGS results to be matched properly to the Sanger 

sequencing results. Further research must be carried out, with a greater number of gout 

samples, in order to validate the aforementioned results/claims in a bigger sample size. 
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Table 4-32 Comparison of the Sanger sequencing and NGS results for the 6 gout samples. 
Common alleles observed and the SCARs identified are also included for analysis purposes. 

Sample code Sanger sequencing 

results 

HLA hits in NGS 

results  

Common HLA 

alleles 

ADRs and   

SCARs 

observed 

PC5801 B*58:01 A*31:37   None  SJS 

HLAG12 B*35:01:01, 

B*58:01:01, B*58, 

B*58:01, B*58:02 

B*58:01, B*57:01, 

B*40, B*48:01, 

B*39, B*44, B*58, 

B*57, B*78, B*67, 

B*81, B*82, B*56, 

B*59, C*17, A*24 

 

B*58, B*58:01 Vasculitis rash 

HLAG19 C*07:04, C*07 B*58:01, B*57:01, 

B*40, B*48 

None Mild allergy- 

itchiness  

HLAG26 B*35:01:01, 

B*58:01:01, B*58, 

B*58:01, B*58:02 

B*15:01:01:02 None Exfoliative 

dermatitis  

HLAG28 B*44, B*44:03:01 B*58:01, B*57:01, 

B*40, B*48, B*58, 

B*56; B*59, B*67, 

B*81, B*51, A*24  

 

None Mild allergy- 

itchiness 

HLAG29 B*35:01:01, 

B*58:01:01, B*58, 

B*58:01, B*58:02 

A*31:37  None DRESS 

syndrome 
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4.7.5 Result compilation and analysis the 96 NGS samples 

 

4.7.5.1 Comparison of HLA alleles’ percentage throughout research 

 

The common alleles in all the 3 cohorts were gathered, namely the NGS cohort, the gout-

ADR cohort and the healthy volunteers sent for Sanger sequencing. The sample size for all 

those cohorts were very different, as shown in Table 4.37 below. However, compiling all 

their HLA alleles should give us a better idea of their percentages and their trend in the 

Malaysian population. Four common HLA-B alleles were found. The HLA-B*58 and HLA-

B*58:01:01 alleles were found at a high percentage, with around a third of all cohorts 

containing those alleles. This proves that those alleles are present in a third of the Malaysian 

population, irrespective of disease (gout) or healthy individuals. HLA-B*15 was found more 

in the healthy volunteers, compared to the NGS and gout-ADR cohorts. Interestingly the 

HLA-B*44 allele was also found in high percentages across the cohorts, and in the same 

pattern as the HLA-B*15 allele. Compiling the HLA percentages across the 3 cohorts showed 

that the main allele being investigated, that is the HLA-B*58:01 allele, was significantly 

present, in higher percentages compared to initial predictions.  
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Table 4-33 Compilation of the 3 cohorts’ common HLA alleles and their percentage. 

HLA alleles 

discovered in 

NGS 

Percentage (%) of 

samples with allele 

(n=6) 

Percentage (%) in 

gout-ADR samples 

(n=28) 

Percentage (%) in 

healthy volunteers 

(n=14) 

B*58 50.0 32.10 28.57 

B*58:01:01 50.0 32.10 28.57 

B*15 16.70 

 

17.90 35.71 

B*44 

 

16.70 

 

10.70 14.29 
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CHAPTER 5: DISCUSSION 
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5.1 Building the backbone of this study 

 

5.1.1 Demographic data 
 

Demographic data collected for both cohorts (Table 4.1) show a difference in the 

distribution of males and females, with more male gout patients (92.4%) than male healthy 

volunteers (46.9%). The opposite was seen for females, with 7.6% in the gout cohort and 

53.1% in the healthy volunteer cohort. This difference arose mainly due to limited number 

of healthy volunteers in UMBI and limited time available to complete the study due to 

delayed sample collection. Thus, ethnicity was given priority over gender for sample 

matching as pharmacogenomics studies proved that it’s the main factor linked to 

susceptible HLA-B allele presence and frequency (Nebert & Menon, 2001). The three specific 

ethnic groups had similar distributions in the gout and healthy volunteer cohort. The gout 

cohort had 79.3% Malays, 18.6% Chinese, 1.3% Indian and 0.7% of other ethnic groups. The 

age mean calculated for both cohorts were only four years apart (gout: 55 years & 

volunteer: 51 years), thus showing an acceptable balance. Ageing is known as the major risk 

factor in developing gout for both genders. Therefore, this attributes to multifactorial 

causality which then leads to hyperuricemia hence, predispose to crystal deposition (Roddy 

et al., 2007; De Leonardis et al., 2007).   

Gout has always been known as a disease of elderly men, with an average onset age of 60 

years or more (Zhang et al., 2016). Hence, the average age of 55 years old in the gout cohort 

adheres to this. However, recent studies in Taiwan found a trend of earlier gout onset in 

men, where they fall in between 30 to 39 years old (Yu & Luo, 2003; Kuo et al., 2015; Chen 

& Shen, 2007). This was also observed in this research, with 19.3% of the gout cohort aged 

less than 40 years old, showing proof of early onset of gout. 21 out of the 28 patients 

presenting with early onset gout were aged 30 to 39 years old, as aforementioned. This 

earlier peak of incidence is mostly attributed to overweight patients, with a family history of 

gout as proven by researchers in Taiwan (Chen et al., 2003). All the female gout patients 

were above 55 years old, except for one (37 years old), showing a majority of 

postmenopausal women. Worldwide studies have shown that gout affects predominantly 

male patients (Roddy & Doherty, 2010). However, the small percentage of female gout 
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patients are usually postmenopausal women, due to a rise in urate levels after a certain age. 

High level of oestrogen in women is known to increase the uric acid excretion, hence 

protecting them from gout (Anton et al., 1986).  An increase in gout risk of around 26% was 

recorded with menopause and a proven decrease in gout risk with postmenopausal 

hormone use (Hak et al., 2010). More Malay patients were recorded in Malaysian gout 

studies, due to genetic factors in uric acid metabolism in Melanesian people and the shared 

genetic profiles with the Maori and Pacific Islanders known for their higher gout prevalence 

and incidence (Klemp et al., 1997; Robinson et al., 2013). The highest worldwide gout 

prevalence has been reported in Oceanian countries, particularly within ethnic groups such 

as the Maori people, where estimates can go more than 10% (Klemp et al., 1997). Since an 

official, specific number is not available for Malaysia yet, the data for Singapore is used as a 

reference due to the high similarity in the two populations. The Singapore Chinese Health 

Study recruited 52,322 people age 45 to 74 years and identified 2,117 (4.1%) people with 

gout in the period between 1999 and 2004 (Teng et al., 2012). Chinese gout patients are 

amongst the second highest most prominent group, thus showing that Malays will have an 

even greater prevalence than 4.1% once proper nation-wide studies will be completed. 

Moreover, considering that the Singaporean study aforementioned stopped in 2004, the 

gout prevalence nowadays would definitely have increased more. 

The demographic distribution seen for this gout cohort is supported by numerous studies 

done in Malaysia, showing the absence of any bias. Among the three major ethnic groups in 

Malaysia, the incidence of gout is higher in Malay men. However, ageing is a major risk 

factor in gout development for both genders, where the SUA level increases above 40 years 

old. A rheumatology clinic in Ipoh had a majority of Malay men having gout, followed by 

Chinese and Indians with a mean age of 53 years and an age range of 26 to 80 years old. 

Higher prevalence of gout was seen in men, compared to women from all age groups with 

ratio ranges from 2:1 to 4:1, respectively (Sulaiman et al., 2019). A general hospital in 

Sarawak had 88.9% males, 11.1% females, a higher gout prevalence in Malays (39.7%), the 

Iban (31.7%), Chinese (17.5%) and Bidayuh (11.1%). The native Malaysian formed more than 

50% of this study, with 28.6% of patients having a positive family history of gout. A mean 

age of 60 years old was recorded, along with all the female patients being postmenopausal 

(Teh et al., 2014). 
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Two hospitals in Seremban, conducted a male only study and showed a mean age of 52 

years old, along with a total of 79.5% Malay, 15.1% Chinese and 5.5% Indian patients (Das 

Gupta et al., 2018). The authors also investigated the familial risk of gout, specifically 

polymorphisms in SLC2A9/GLUT9 rs1172228. At least 28 genetic loci have been established 

by GWAS (Kottgen et al., 2013) and SNP analyses at these loci have identified polymorphic 

alleles that may potentially contribute to the familial risk of gout (Merriman et al., 2014). 

Authors concluded that the CC genotype in gout had significant associations with higher 

levels of SUA, renal calculi and a positive family history of gout in Malaysian men (Das Gupta 

et al., 2018). Family history of gout was unfortunately rarely mentioned in the medical 

records of both hospitals and this should be improved. Mohd and colleagues showed the 

same pattern in a Seremban hospital, with 89% males, 11% females, 55.5% patients with 

gout onset at 30 to 40 years old, a majority of Malays (72%), followed by Indians (20%) and 

Chinese (8%) (Mohd et al., 2006; Mohd et al., 2011). A Malay only study done in Kelantan, 

had 92% of men in their study, with an age mean of 44 years (17-71 years) (Wan Rohani et 

al., 2018).
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5.1.2 Severe Cutaneous Adverse Drug Reactions (SCARs)  
 

A total of 28 ADRs/SCARs cases were recorded in this study over 3 years, showing an 

incidence rate of 19.3% from the total of 145 gout samples. Specific SCARs recorded had an 

incidence rate of 4.14% (6 cases), with three cases of SJS, two DRESS cases and one AHS 

case. Hence, this study recorded a lower number of 2 SCARs cases per year as compared to 

six other Malaysian SCAR studies. Two Johor hospitals recorded 36.2 cases/year (Choon & 

Lai, 2012) and 35.1 cases/year (Ding et al., 2010), followed by 10.7 cases/year in the 

University Malaya Medical Centre (UMMC) in Selangor (Tan et al., 2017). The smallest 

number of yearly SCAR cases in literature were; 6 cases/year in a Sarawak hospital (Yap et 

al., 2008), 6.6 cases/year in another Selangor hospital (Tee & Ng, 2014) and 4.73 cases/year 

in a Penang hospital (Loo et al., 2018). All these aforementioned studies gathered data from 

a SCAR database in their hospital and had proper SCAR classification, thus making their SCAR 

cases reporting more accurate. Moreover, all their patients were directed to the 

dermatology department for treatment on appearance of SCARs, making it possible to 

gather all the data in one department. The lack of proper SCAR classification methods and 

absence of a link with a dermatology department caused the low SCAR case number in this 

study. 46.4% of ADR/SCAR cases were non-specifically labelled as mild allergy 

(rashes/itchiness), 10.7% as simple allopurinol allergy and another 21.6% was labelled with 

six different non-specific terms. This makes a total of 78.7% of ADR/SCAR cases which were 

non-specifically labelled and thus contributes to the underestimation of specific SCAR cases 

in this study.  

Classification of SCARS/ADRs was not done according to the SCORETEN scale or any other 

fixed criteria or guidelines, as observed in both hospitals. Allergic reactions to allopurinol or 

febuxostat were labelled as what they were observed as and there were no standard to 

compare them to. On appearance of rashes or itchiness, allopurinol was stopped 

immediately and febuxostat was started. In rarer cases of febuxostat allergy, febuxostat was 

stopped immediately and treatment focused on other drugs. The specific onset time of 

allergic reactions was also not recorded by doctors.  It is imperative to classify and 

distinguish all the specific clinical features for SJS, SJS/TEN overlap and TEN, to properly 

administer required treatment and care. SCARs can be distinguished by their primary 
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lesions, distribution on the body, mucosal involvement, systemic symptoms and their 

percentage of body surface area detached (shown in Table 2.3 in  Literature review 

chapter). This table, along with the SCORETEN scale allows proper classification of a 

patient’s allergic reaction, their possible mortality rate and hence allows for prevention with 

early detection (Bastuji-Garin et al., 2000). The lack of proper SCAR classification in both 

hospitals is a limitation in this study, where possible SCARs cases were merely labelled as 

allopurinol allergy/rashes/itchiness and other terms. Thus, the number of SCAR cases in this 

study was underestimated, along with all its other linked results. 

A wide range of ADRs/SCARs were observed, including vasculitis rash, mild allergy 

(itchiness/rash), maculopapular rash with skin eruptions, exfoliative dermatitis, DRESS 

syndrome, SJS, allopurinol hypersensitivity syndrome (AHS), allergy with anaphylaxis, allergy 

with transaminitis, severe allergy with eye angioedema and allopurinol allergy. A total of 12 

different terms were used in both hospitals in order to describe the different types of 

allergies to allopurinol by a group of around 10 to 15 doctors. A greater number of 

ADRs/SCARs patients were obtained from HUKM and they were more scattered around all 

these aforementioned terms (8 total terms used as seen in Table 4.3 in Results chapter). 

Hospital Putrajaya had slightly less variations in the classification of ADRs/SCARs, mostly due 

to their smaller number of ADRs/SCARs patients and interconnected computerized system. 

Sample HLAP56 with maculopapular rash and skin eruptions is considered a nonspecific 

term in clinical diagnosis and might have been a SJS, TEN or DRESS patient. Similarly, 

patients HLAG26 and HLAP51 with exfoliative dermatitis, may fall within the SJS/TEN/DRESS 

categories. Sample HLAP64 with severe allergy and eye angioedema again shows enough 

symptoms to be classified as SJS/TEN/DRESS. Both samples HLAG68 and HLAP52 

experienced allopurinol allergy but with symptoms such as anaphylaxis and transaminitis 

which suggest a more severe allergic case. The use of ‘allopurinol allergy’ only in doctors’ 

notes further proves the lack of guidelines for proper ADRs/SCARs classification and 

undermines their effect in this study. 

The most frequent types of ADRs/SCARs were mild allergy (rashes/itchiness) (46.4%), 

followed by SJS (10.7%) and exfoliative dermatitis/DRESS syndrome/allopurinol allergy 

(7.10%). In the total gout sample cohort of 145 samples, those percentages still remain 

significant, with 8.97% for mild allergies, followed by 2.07% for SJS and 1.38% for 
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DRESS/exfoiliative dermatitis/allopurinol allergy. The percentage recorded for SJS cases 

(10.7%) in this study was lower than the other five Malaysian studies from literature. The 

highest SJS percentage was recorded in Hospital Tengku Ampuan Rahimah (HTAR) in 

Selangor, with 75.8% SJS cases on its total SCARs cases (Tee & Ng, 2014). A Penang hospital 

showed a high percentage of 55.0% of SJS cases (Loo et al., 2018), followed by 54.2% in a 

Sarawak hospital (Yap et al., 2008).Two Johor hospitals had SJS percentages of 24.3% 

(Choon & Lai, 2012) and 28.1% (Ding et al., 2010) respectively. The lower percentage in this 

study was due to the normal collection of gout samples in a hospital setting, while the other 

five studies gathered only SCARs patients over numerous years (5 to 10 years). This can also 

be attributed to referral bias and different prescribing habits in different hospitals around 

Malaysia. These aforementioned studies specifically collected only SCARs cases over 

numerous years and hence may be a reason for their higher percentages of SJS cases. Thus, 

10.7% of SJS cases in this study can be used as a closer estimate of the true percentage of 

Malaysian SJS patients in a gout cohort. DRESS was responsible for 7.10% of ADRs/SCARs 

cases in this study and matched the percentages seen in four other Malaysian hospitals; 

9.4% (Choon & Lai, 2012), 6.8% (Ding et al., 2010), 12.7% (Loo et al., 2018) and 15.1% (Tee & 

Ng, 2014).  SJS and DRESS are in the top 3 ADRs/SCARs in this study and this was similarly 

found in all the aforementioned SCARs Malaysian studies.  

A mean age of around 57 years old was calculated for the 28 ADRs/SCARs samples, with an 

age range of 32 to 81 years old. The mean age in this study was higher compared to three 

other Malaysian SCARs studies; 39.6 years (Choon & Lai, 2012), 39 years old (Ding et al., 

2010), 42.8 years (Tee & Ng, 2014) and 45 years (Loo et al., 2018). Moreover, the age range 

was shifted to the right in this study, as two studies showed an age range of 20 and 59 years 

old for around 67.1% patients (Choon & Lai, 2012; Ding et al., 2010). The male to female 

ratio is 25:3 in this study, showing a very high male preponderance. Most of the Malaysian 

SCARs studies showed a male preponderance, but the ratio of males was eight time less. 

Four studies had male:female ratios of 1.14:1 (Choon & Lai, 2012), 1.19:1 (Ding et al., 2010), 

1:1 (Voo et al., 2017), 1.36:1 (Tee & Ng, 2014) and only one study showed higher female 

preponderance (female:male ratio= 1.2:1.0)(Loo et al., 2018). The ethnicity ratio for 

Malay:Chinese:Indian:others is 25:2:0:1, with a clear majority being Malay (89.3%) and the 

minority being Chinese (7.1%) and of other ethnic group (3.6%). Two studies showed a 
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smaller Malay and a higher Chinese percentage; 64% Malay and 26% Chinese (Ding et al., 

2010) and 49% Malays and 38% Chinese (Loo et al., 2018). Moreover, this study did not have 

any Indian ADRs/SCARs patients, whereas other studies showed a presence of 7.5% (Ding et 

al., 2010) and 11% Indian patients (Loo et al., 2018). The lack of Indian patients and lower 

number of Chinese patients in this study may be linked to the small sample size of 28 

ADRs/SCARs patients and the lack of proper SCARs classification too. The higher percentage 

of Malay patients with ADRs/SCARs suggests a stronger link in this ethnic group for this 

study. However, the range of ADRs/SCARs for this group of Malay patients is wider 

compared to the other Malaysian studies, due to lack of proper SCARs classification.  

Mild allergy was the most frequent form of ADRs, be it rashes or itchiness, and emphasizes 

on its importance in association studies. Maculopapular rashes/eruptions are known to be 

the most common SCAR in several Malaysian SCAR studies; 42.3% (Choon & Lai, 2012), 

39.5% (Ding et al., 2010), 38.1% (Voo et al., 2017). However, only one patient was found to 

have maculopapular rash in this study. The high number of rashes and itchiness cases 

recorded in the two hospitals might fall in the maculopapular rash/eruption group, but this 

was not possible due to lack of details and classification of SCARs. Pharmacogenomics 

studies have been focusing on the severe SCARs and leaving the mild allergies out, which 

may have led to other HLA-B allele associations being missed or underestimated. The full 

range of different allergies observed to allopurinol must be investigated for possible HLA-B 

allele links. This will be shown in the following sections in the discussion chapter, where all 

the 28 ADRs/SCARs will be linked to their HLA-B alleles.  

Interestingly, the presence of both allopurinol and febuxostat allergies was recorded in two 

patients, namely HLAP3 (generalised rash) and HLAP51 (exfoliative dermatitis). The onset 

time of both allergic reactions, along with their different presentations were not recorded in 

their hospital records. Only little information was available on their allergic reactions to both 

drugs and this again undermines their severity and link to SCARs. Allopurinol is a purine 

analog and non-specific competitive inhibitor of XO, whereas febuxostat is a non- purine 

inhibitor of XO. These two drugs are structurally distinct and were anticipated to not share 

the same side effects (Chohan, 2011). It is likely that this cross-reaction is due to a non-

immunological action, linked to the common pharmacological action of xanthine oxidase 

inhibition (Lien & Logan, 2017).   
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Other factors complicating the classification and identification of ADRs/SCARs is the 

presence of numerous comorbidities and their respective medications taken in conjunction 

with their gout therapy. Without proper ADRs/SCARs classification system in Malaysian 

hospitals, the association of HLA-B alleles to gout will be erratic at best through studies. A 

proper system needs to be established for SCARs identification and recording across all 

Malaysian hospitals, in order to cement the HLA-B alleles’ role in allopurinol-induced 

ADRs/SCARs. 
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5.1.3 Optimization of DNA extraction 
 

All the blood samples collected in HUKM were processed in UMBI, the laboratory next to 

the hospital. However, the samples collected from HP had to be taken back to UNMC for 

DNA extraction and required a few hours of travel. Blood samples were transported in a 

cooler box filled with ice and no change was observed in the samples’ appearance. DNA 

concentration and quality were also not affected as shown by the results in Appendix B. 

Concentration had a range of 1000-3000 ng/µL for all samples, showing that the method 

was optimized. A pure extracted DNA sample is expected to have OD ratio of 1.7-2.0, as 

shown in literature (Jorgez et al., 2006). All of the samples extracted fell in this range, as 

shown Appendix B, showing that pure DNA samples were extracted. However, a total of 

seven samples had a lower concentration and six of them were older patients (60 to 82 

years old), who had less than 10 mL of blood collected. All these samples were collected 

from HUKM and no samples from HP had a lower volume of blood or DNA concentration. 

The main reason was the faster blood taking procedure by the trained phlebotomist nurses 

in a designated blood-taking room in Hospital Putrajaya. The nurses usually hit the correct 

vein and withdrew blood on the first try, with limited number of second venipuncture 

observed. However, blood taking was done by the rheumatologist in HUKM or medical 

students present for training, both showing signs of difficulty in finding patients’ veins 

numerous times. The designated blood taking room in HUKM did not entertain side projects 

and all blood taking for research were the doctor’s responsibility. Sample HLAG30 was the 

only young patient of 33 years old to have a low DNA concentration, but who had 10 mL of 

blood collected. This might be due to other anthropometric, epidemiological and technical 

factors (Caboux et al., 2012). 

Numerous factors affect the DNA yield, namely age, gender, body mass index (BMI) and 

tobacco consumption. Lower DNA yield is observed in men compared to women, due to the 

lower comparative lymphocyte, platelets and neutrophil count (Bain, 1996). A progressive 

decrease in DNA yield is also observed in older people with 0.11 mg loss per year and might 

be caused by the lower white blood cell count in the peripheral circulation (Erkeller-Yuksel 

et al., 1992; Richardson et al., 2006). BMI and tobacco consumption on the other hand 

cause an increase the DNA yield. Another possible source of DNA yield variation are 
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technical ones, but these were minimized by the several rounds of optimization performed 

(Caboux et al., 2012). 

Difficulty in drawing blood in elderly patients can be attributed to several factors, namely, 

the aging process, thin skin, nerve damage and weaker blood vessels. Numerous failed 

attempts at drawing blood, as experienced several times in the two hospitals, leads to pain, 

bruising, hematomas, smaller veins moving and the risk of veins collapsing. Several methods 

were used to improve the blood taking procedure, namely, use of tourniquets, smaller 

needles, butterfly needles, changing veins/arms/location and careful palpation of the arm or 

hand. Even experienced nurses, doctors and phlebotomists run into major challenges in 

drawing blood from the elderly, even with all these tips to better the process (Klosinski, 

1997). A few patients were lost during blood sample collection as enough blood could not 

be drawn. Gout patients in the study were mostly elderly patients and care needs to be 

taken to make their participation painless and smooth. Blood was collected as a DNA source 

due to its easier handling in a hospital setting. However, elderly patients were proven to 

have a lower DNA yield, as the latter decreases with age (Caboux et al., 2012). All the seven 

patients with lower DNA yield were men, with a mean age of 64 years old, higher than the 

total gout cohort age mean (55 years old). This proves that gender is also a factor to 

consider when collecting blood samples, further supported by 92.4% of the total gout 

patients being males (Bain, 1996; Caboux et al., 2012).  Hence, in order to improve further 

studies, other DNA sources should be considered. 

Other methods such as collection of whole saliva via the Oragene kit (OG-250) (DNA 

Genotek, Canada) could be implemented in such situations, without compromising the DNA 

quality and quantity (Nunes et al., 2012; Rylander-Rudqvist et al., 2006). The kit showed a 

range of 62 µg to 158 µg of DNA amount extracted, with a median of 110 µg (DNA Genotek, 

Canada). The Oragene kit had higher median DNA yield when compared to other methods, 

such as using a cotton swab (1.9 µg) (Cozier et al., 2004), Guthrie cards (2.3 µg) (Harty et al., 

2000), Cytobrush (6.8 µg) (Garcia-Closas et al., 2001) and mouthwash (35.1 µg) (Le 

Marchand et al., 2001). Quantitative and qualitative tests were successfully performed on 

the kit, namely, spectrophotometry and genotyping. Quality of DNA was evaluated, at 98% 

success rate, by TaqMan, High Resolution Melt (HRM) and restriction fragment length 

polymorphism-PCR (RFLP-PCR). DNA extracted could also be stored for 8 months at room 
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temperature, without any effect on the DNA quantity and quality (Nunes et al., 2012). Saliva 

was also compared to urine and gave the highest yield and DNA concentration (Nauwelaerts 

et al., 2020). Several genetic and genotyping studies used this kit and obtained good results 

(Keag et al., 2020; Rylander-Rudqvist et al., 2006). The initial stage of primer testing of this 

study was performed using the Oragene kits in UNMC and no difference in amplification or 

HRM effectiveness was observed. This non-invasive method made prospective participants 

more willing to register for the study and should be considered for future use in hospital 

settings. 



316 
 

5.1.4 Optimization of Polymerase Chain reaction (PCR) and Cloning 
 

5.1.4.1 Polymerase Chain Reaction (PCR) 
 

PCR reactions with specific primers was the first step in building the HRM screening method. 

Sensitivity, specificity and accuracy of the HRM method started with a proper optimized PCR 

for the specific primers designed. Because the HLA-B*58:01 sequence differs in many point 

mutations from HLA-B alleles, this raises more challenge and difficulties in technical method 

design and development process (Kang et al., 2016). Specific PCR primers were designed for 

exon 2 and exon 3 of the HLA-B*58:01 allele, as these were the regions which codes for the 

peptide binding groove of the allele and as it has the most polymorphisms present there 

(Zhang et al., 2015).  

MHC Class I proteins are expressed, to varying degrees, on the surface of all nucleated cells 

and are comprised of one transmembrane heavy chain with three extracellular domains (α1, 

α2, and α3) and a β2-microglobulin light chain that anchors the heavy chain to the 

cytoplasmic membrane. The α1 and α2 segments, coded for by exons 2 and 3, form a 

peptide binding groove, which presents peptide antigens to CD8+ T lymphocytes (Mosaad, 

2015). HLA class 1 alleles are also determined by the sequence of exon 2 and 3 (Shiina et al., 

2012). Hence, these two exons were targeted as they determine the sequence of the 

peptide binding region and ultimately the specific HLA-drug immune response elicited 

(Madden & Chabot-Richards, 2019).  

Numerous studies, using various methods, have amplified the HLA-B*58:01 allele before by 

targeting its exon 2 and 3. Kang et al. used a real-time PCR assay to do so (Kang et al., 2016), 

followed by Kwok & Kwong using loop-mediated isothermal amplification (LAMP) (Kwok & 

Kwong, 2013) and Zhang et al. using a TaqMan assay (Zhang et al., 2015). Nguyen et al. used 

real-time PCR to target the area between exon 2 and 3, saying that polymorphisms located 

there can discriminate between HLA-B*58:01 and the rest of HLA alleles. All these studies 

attest to the importance of targeting these 2 exons properly and this used in this study.  

The 2 sets of primers targeting exon 2 and 3 were designed by paying attention to a set of 

criteria for production of a specific primer; the primer length should not be more than 20bp, 

with a GC content of around 40-60%, close melting temperature of the primer pair around 
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50-60°C and a low self- annealing value around 1-2 (Chaung et al., 2013). Primers P2 (for 

exon 2) and P3 (for exon 3) proved their specificity and stability by showing bright amplified 

bands (as shown in Figure 4.1) throughout the 4 years of research. The primers were 

optimised stepwise, starting with changing the annealing temperature, followed by the 

primer and DNA concentration. Sanger sequencing showed (Table 4.6) that P2 primers 

covered 86% of its target (sample HLAG26), with 97.2% being identical to exon 2 of the HLA-

B*58:01 allele. P3 primers showed better results, with 97% covered on exon 3 for the same 

sample and 100% being identical to exon 3. Hence, P3 showed better specificity and 

coverage capability and HRM results were focused more on this set of primer. Exon 3 

showed the presence of more SNPs compared to exon 2 of the HLA-B*58:01 allele, as shown 

in Appendix C and may thus be the reason for a stronger and more specific binding and 

amplification. 

Stability of primers over 4 years was monitored by sending a number of samples for Sanger 

sequencing after amplification. However, the smaller coverage percentage can be attributed 

to the small gap left in the middle of exon 2 and exon 3 sequencing by Sanger, as shown in  

Appendix C. This was linked to the smaller resolving power of Sanger sequencing when 

faced with secondary and tertiary structures in the highly polymorphic exons. Both primer 

sets targeted the middle of their exons as shown in Appendix C, the areas where secondary 

and tertiary structures are most likely to happen. 

Moreover, their Sanger sequencing results reflected this by having constant good coverage 

of the polymorphic exons for 28 samples, at around 95.15% and 98% for exon 2 and 3 

(shown in Appendix C). P3 however had better specificity for the 28 samples, with an 

average of around 93% covered by Sanger sequencing results, along with an average of 98% 

of the P3 PCR products being similar to the exon 3 of HLA-B*58:01. A small gap was seen in 

the middle of the exons, due to the presence of ambiguous DNA sequence and absence of 

any alignment score. The alignment score in NCBI BLAST shows how well the aligned 

sequences match, with the maximum score being 200, as shown in Appendix C. Hence, the 

gap seen, usually in the middle of the exons amplified, showed an area where the PCR 

product doesn’t match the original exon and could possibly be one or several SNPs. One 

major problem in Sanger sequencing is the compression of bands during electrophoresis of 

the DNA fragments, which can lead to misreading of the sequence. Compressions usually 
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occur when a DNA fragment migrates faster than the others, leading to an overlap with an 

adjacent fragment and hence causes problems in the interpretation of results. These 

compressions are due to strong secondary structures in the DNA fragment. Other sequence 

motifs, such as palindromic sequences form stable hairpin structures which causes 

abnormal mobility during gel electrophoresis (Ronaghi et al., 1999). Sanger sequencing is 

known to have disadvantages when faced with the complex HLA-B alleles, such as 

incomplete sequencing, limitations in resolution, ambiguous HLA alleles called by typing and 

haplotype phase issues (Erlich, 2012; Shiina et al., 2012). The start and end of Sanger 

sequencing results were also made of several bases labelled as ‘N’ as specific bases couldn’t 

be called as shown in Appendix C. This still could not be completely resolved by checking the 

chromatogram manually and making more accurate base calls. Genomic sequence 

variations in HLA alleles are caused by SNPs, indels (insertions and deletions) of one or more 

bases and repeat length polymorphisms and rearrangements. SNPs and indels are thus 

closely associated and found in HLA alleles, further making the Sanger sequencing process 

difficult (Longman-Jacobsen et al., 2003). Hence, the highly polymorphic exon 2 and 3 

couldn’t be fully sequenced and read by Sanger sequencing. This is why NGS was used later 

to resolve all these ambiguities and to increase the accuracy of HLA calling.  

Internal Control (IC) primers were used in multiplex PCR reactions with P2 and P3 primers 

separately to confirm the correct amplification and optimum PCR conditions for both primer 

sets. The sequence of the IC primers were obtained from previous studies done on β-globin 

gene, located on chromosome 11 (Talmaci et al., 2004). Two other HLA studies used this β-

globin gene as an IC for HLA-B*27 genotyping (Bon et al, 2000; Faner et al., 2004). However, 

IC PCR products were very faint compared to P2 and P3 products as shown in Figure 4.2, 

even in the presence of DMSO as a stabiliser. DMSO was added as additives stabilize 

multiplex PCR reactions, preventing secondary structure formation and reducing the melting 

temperature of GC-rich sequences. Several rounds of optimisation were carried out (shown 

in Appendix D) for these two multiplex reactions, by changing the annealing temperature, 

primer concentration, DNA concentration and DMSO concentration. However, IC products 

always had fainter bands compared to P2 and P3 primers, showing stronger primer 

specificity and binding power in the latter. Research shows that preferential amplification of 

one target sequence, in this case exons 2 and 3 amplification by P2 and P3 primers, can 
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result in weaker amplification of the second target in multiplex reactions (Elnifro et al., 

2000). Thus, proper amplification of the human HLA-B region was verified in this step, which 

acted as a checkpoint. 

Another approach tested for the HLA-B*58:01 allele amplification was the splitting of the 

full gene into halves and amplifying the two regions of around 1500bp (shown in Appendix 

E). The first set of primers (WGH1) amplified exons 1-3, while the other primer set (WGH2) 

amplified exons 4-7 of the HLA-B*58:01 allele. This approach was tested to try to amplify 

the whole gene, thus helping to decipher and discover more of its role. However, due to the 

high number of SNPs throughout the full gene, only around 75% of the gene was amplified, 

split into two by the two sets of primers. WGH2 primers, targeting exons 4-7, showed less 

specificity, where only 56% of the exons were amplified, showing a possible higher number 

of polymorphisms there and a subsequent need to investigate the whole gene. Overlap PCR 

was also tested on WGH1 and WGH2 primers, to try to amplify the full HLA-B*58:01 gene, to 

no avail. 

5.1.4.2 Positive control cloning 
 

Positive control cloning was a determining step for this whole study, as the latter needed to 

be isolated and produced in large amounts to be used for all future HRM screenings. Only a 

limited amount of positive control DNA was obtained from a patient in a previous study and 

cloning needed to be executed precisely and fast. However, only the presence of HLA-

B*58:01 was determined by the previous study in the positive control. The second HLA-B 

allele was unknown, hence created more ambiguity in the HRM results. 

The Qiagen PCR Cloning plus kit (Qiagen, Germany) was used, as it offered an already 

optimised and accurate cloning method, leaving no chance of wastage of the positive 

control DNA. Cloning was successfully and quickly carried out and verified by double 

restriction digestion and Sanger sequencing. Due to the significantly bigger vector size 

(~4000bp), P2 and P3 products were seen as faint bands. However, Sanger sequencing 

confirmed presence of the two exons in the extracted plasmids, with 96.6% of exon 2 

present and 100% of exon 3 present. P3 primers again showed better performance in 

cloning, compared to P2 primers. Hence, P3 primer results will be emphasized more in the 

following sections. The WGH1 and WGH2 primers were also tested out to clone the positive 
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control, in order to try and clone a bigger part of the HLA-B*58:01 allele, to no avail. Double 

restriction digestion results, along with Sanger sequencing results were too erratic to be 

used in any way. In order to check stability and presence of the cloned positive control in 

the plasmids, a few cloned samples were always sent for Sanger sequencing from every 

single batch of produced and extracted clones. This was especially important as clones were 

frozen in -80°C in glycerol and countless sub-cultures and plasmid extraction cycles were 

done to produce enough reference DNA for all the HRM screening. Every single batch of 

positive control produced was checked for presence of the HLA-B*58:01 gene by Sanger 

sequencing, before any HRM screening was performed. Appendix F shows an example of a 

cloned plasmid’s Sanger sequencing results, with all the hits being the HLA-B*58 allele and 

the majority being HLA-B*58:01. There was a risk of mutation and alteration of the cloned 

positive control DNA which needed to be monitored and avoided at all costs. The cloned 

positive control showed proper resilience over the full four years of research, with similar 

Sanger sequencing results and presence of exon 2 and exon 3 targets in all plasmids. 

 

5.1.5 Conclusion 
 

Hence, to conclude this first section of discussion, all the aforementioned factors were 

monitored and optimized in order to build the HRM screening method for the HLA-B*58:01 

allele. Due to the unavailability of any other positive controls, this one had to be used as no 

other HLA-B*58:01 studies were being done in 2014 to 2015, when this research was 

started.  

 

 

 



321 
 

5.2 Core findings: Evaluation of the HRM method 
 

5.2.1 Decoding the HRM results 
 

The HRM screening was performed on the gout cohort of 145 patients and the volunteer 

cohort of 145 individuals, for both exon 2 and exon 3 of the HLA-B*58:01 allele, separately. 

Hence, a total of 580 unique HRM screening results were generated for analysis purposes. 

Since this was a novel study in Malaysia in 2014 to 2015, it was important to look at all the 

results generated one by one and establish a certain trend for positive and negative results. 

This study used the theory of seeing a change in the HRM melt curves’ shape for a negative 

HLA-B*58:01 sample when compared to the positive control and a matching of HRM melt 

curves for a HLA-B*58:01 positive sample. This theory stemmed from the ability of the HRM 

method to detect the slightest change in one DNA base, which will then be reflected in a 

change of the melt curve shape. This theory is called the reference curve-based targeted 

genotyping, and it has been used in the few HLA HRM studies done before (Rani et al., 2018; 

Imperiali et al., 2015; Cui et al., 2013; Lundgren et al., 2012; Zhou et al., 2004). 

This research was based off a method previously developed in HUKM to screen for the HLA-

B*15:02 allele in Malaysian epileptic patients in order to avoid carbamazepine-induced 

SCARs. Authors used the HRM method’s normalized and difference melt curves for their 

samples and compared it to their positive control and negative control. Hence, a significant 

deviation or closeness of HRM melt curves from either controls showed the absence of 

presence of the HLA-B*15:02 allele. They validated their results against Sanger sequencing 

and showed a 100% match, along with 100% specificity and sensitivty of their method. Rani 

et al. also compared their HRM method to a multiplex-PCR HLA-B*15:02 screening method 

and showed that the latter generated a false positive result and was less specific. Moreover, 

after their HRM method was implemented in HUKM before treatment, no cases of 

carbamazepine-induced SJS was recorded. This study provided a good foundation and proof 

of concept for this new research in a Malaysian hospital setting (Rani et al., 2018). However, 

the authors did not provide a detailed method by which HRM analysis was peformed and 

only mentioned the use of normalized and difference melt curves. All the available HRM 

studies done in the past were gathered and their different methods of HRM analysis were 

applied in this research. 
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5.2.2 The HRM method: reference curve-based targeted genotyping 
  

Each sample was screened in duplicates, along with its NTC for proper monitoring of 

reproducibility, accuracy and contamination. Results in this section will be focused on the P3 

primers for exon 3 amplification of the HLA-B*58:01 allele, due to its higher specificity and 

accuracy. The Minimum Information for Publication of Quantitative Real-Time PCR 

Experiments (MIQE) guidelines were used to guide the real-time PCR part of the HRM 

method (Bustin et al., 2009). Once manual normalisation of signal intensity was performed 

by toggling the pre- and post-melt region (Wu et al., 2008), the results table was checked to 

make sure the HRM run was of good quality. The Cq value, also known as quantification 

cycle, was the first result checked as it shows specific amplification (Cq <30) and 

reproducibility of amplification (Bustin et al., 2009). Table 4.8 shows the results generated 

for the first gout sample, HLAG1, along with its positive control. The two NTC wells showed 

no Cq values, showing absence of any contaminants. This was the first step checked for all of 

the 290 samples and no NTC well showed any Cq value. None of the five HRM studies done 

on HLA alleles mention checking of Cq values and go directly to the specific HRM curve 

analysis (Rani et al., 2018; Imperiali et al., 2015; Cui et al., 2013; Lundgren et al., 2012; Zhou 

et al., 2004). Since HRM is an extension of real-time PCR, it is important to check the 

standard real-time PCR results too and make sure it is constant througout the whole batch 

of 290 samples. MIQE guidelines stated that repeatability and reproducibilty of results here 

refers to the precision and robustness of the assay with the same samples repeatedly 

analyzed in the same assay. This was assessed via the Standard deviation (SD) for the Cq 

value. Table 4.8 shows the small SD for the Cq values for both HLAG1 sample (0.05) and the 

positive control (0.07), hence proving good repeatability. This was checked for all the 290 

samples and they all showed small SD for the Cq values (shown in Appendix G). The melting 

points shown in Table 4.9, also show consistency and minimum variations for both the 

HLAG1 sample and the positive control and this was repeatedly checked for all the 290 

samples. Once all of these values fell within the required range, the normalized and 

difference melt curves were analysed. 

Figure 4.5 and 4.6 however show an unexpected result, where the positive control’s melt 

curves were seen to deviate from each other. This shows that this positive control is most 
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probably a heterozygous sample with one allele having a slight change in its DNA sequence. 

Unfortunately, only one positive control was obtained from HUKM’s previous study and no 

other positive samples were identified. Hence this complicates the HRM analysis, but 

doesn’t make it impossible. The heterozygosity of the positive control is probably the factor 

which contributed to the HRM method’s 0% sensitivity. Adding to that the highly 

polymorphic HLA-B*58:01 region and its numerous SNPs further complicated the HRM 

analysis. The change in a base was not observed properly due to these factors coming into 

play. The initial theory of an unknown, HLA-B*58:01 positive sample completely matching 

the positive control’s horizontal reference curve could not be used. However, the closeness 

of the HRM melt curves for unknown samples could be assessed, as the closer the curve and 

its shape, the closer the DNA sequence of the unknown sample is to the positive control. A 

standard for the reference was set, where one horizontal line with one downward peak with 

a melting point (Tm) of 90.8°C was always seen for all the HRM curve analysis. The matching 

or closeness of the 290 samples’ melt curves will further show more details for the HRM 

analysis.  

The thermal stability of a PCR product is determined by its base sequence. When the PCR 

product sequence is altered, duplex stability is changed, leading to different melting 

behavior.When the change is homozygous, a shift in melting temperature is usually 

observed to the right. When the change is heterozygous, four duplexes are formed following 

PCR: two heteroduplexes and two homoduplexes. Each duplex will have differing stabilities, 

the sum of which can be observed by high-resolution melting analysis. Instability of 

heteroduplexes results in a lower Tm than homoduplexes. As heterozygotes contain both 

heteroduplex and homoduplex species, the heterozygote melting curve is a combination of 

their melting profiles (Montgomery et al., 2007). Furthermore, high-resolution melting curve 

analysis produces different shapes for different heterozygotes, often allowing identification 

of the specific sequence variant. Similarly, differ- ent homozygotes can often be 

distinguished, including homozygotes that differ by only a single base (Gundry et al., 2003). 

Hence, both samples HLAG1 and the positive control are different heterozygotes, as shown 

by their double normalized melt curves (Figure 4.5), with similar melting points of 90.8°C. 

The sample HLAG1 (in green in Figure 4.5) has its melt curves in between the positive 

control’s melt curves. The difference melt curve in Figure 4.6 further confirms this deduction 
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by showing two blue lines with different shapes (one horizontal and one downwards peak) 

for the positive control. The sample HLAG1 shows two close green lines with slightly 

different shapes, which are again within the two positive control’s melt curves. HLAG1 

sample can thus be deduced to be HLA-B*58:01 negative as none of its duplicates matched 

any positive control’s HRM melt curve. 

This aforementioned method of HRM melt curve analysis was applied for all the samples, 

but this section will focus on the 28 ADRs/SCARs samples identified in the gout cohort. This 

increases the chances of seeing a trend for positive samples due to the strong association of 

the HLA-B*58:01 allele to allourinol-induced SCARs samples. While analysing all the 

samples, a working threshold of 20 to -20 for the fluorescence level was seen, this 

distinguishes samples with close HRM curves and clearly distant curves. Interestingly, not a 

single sample from the 290 samples matched the positive control’s curves completely. The 

melt curves shapes were all very different and did not even match the downward peak of 

the positive control. This proves that other HLA-B alleles and factors are at play here and 

need further investigation by sequencing later. By analysing the 28 ADRs/SCARs samples in 

Table 4.9, 8 samples (HLAG19, HLAG28, HLAG38, HLAG64, HLAG68, HLAG69, HLAP56 and 

HLAP64) were found to have the closest difference melt curves when compared to the 

positive control. HLAG19 and HLAG68 had the closest normalized and difference melt curves 

when compared to the positive control. Both samples showed two almost identical 

normalized curve shapes, with slight variations in shapes. Those variations became clearer in 

their difference melt curves of different shapes which were within the reference’s two melt 

curves. However, the huge difference in all the ADRs/SCARs normalized and difference melt 

curves shown in Table 4.9 throws off the possible heterozygous and homozygous sample 

identification as aforementioned. Thus, this set of ambiguous results again proves that more 

than a few factors are at play here to divert the melt curves so much.  
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5.2.3 Validation and verification of the HRM method via Sanger sequencing on the gout 

cohort 
 

In order to decipher the different factors affecting the HRM results, Sanger sequencing was 

done on all the 28 ADRs/SCARs samples as shown in Table 4.10. Interestingly, a few HLA-B 

alleles previously identified as pharmacogenetic markers were identified in this set of 28 

samples. Nine samples (HLAG12, HLAG26, HLAG29, HLAG56, HLAG66, HLAP6, HLAP25, 

HLAP46 and HLAP60) were confirmed to have the HLA-B*58:01:01 allele via Sanger 

sequencing and none of them were listed as possible positive samples in the previous close 

HRM curve analysis. This further validates that HRM melt curves are currently too 

ambiguous to be used as a definite screening method. Sanger sequencing results showed 

the presence of HLA-B*58:01:01, up to 6 digits of resolution, in all the 9 positive samples. By 

using only those 9 positive samples, a frequency of 6.21% of the HLA-B*58:01:01 is 

estimated to be present in the gout cohort (n=145) and a frequency of 32.1% in only the 

ADRs/SCARs cohort. However, this is an underestimation of the frequency of HLA-B*58:01 

present as not all the 145 gout samples were sent for Sanger sequencing due to limited 

grant funds. This frequency of 6.21% still falls in the wide range of Malaysian HLA-B*58:01 

frequencies identified in database mining done in the literature review (Table 2.9) 

(Ghattaoraya et al., 2016).  

Interestingly, these 9 positive samples were linked to range of cADRs namely, exfoliative 

dermatitis, DRESS syndrome, AHS, itchiness, SJS and generalized rashes. Positive samples 

HLAG12 (vasculitis rash), HLAG66 (itchiness), HLAP25 (generalized skin rash), HLAP46 (rash 

on face), HLAP60 (generalized skin rash) all show presence of mild cADRs. HLAG29 and 

HLAG56 show presence of DRESS syndrome, followed by HLAP6 with SJS and HLAG26 with 

exfoliative dermatitis. This shows that HLA-B*58:01 is not only involved with SCARs, but also 

with milder forms of allopurinol-hypersensitivity. A study done on Han Chinese patients, 

found HLA-B*58:01 in 100% of all allopurinol-induced maculopapular eruption (MPE) 

patients, showing its involvement in more than just SCARs (Cao et al., 2012). Interestingly, 

one patient with allopurinol-induced MPE developed TEN four days after re-exposure to 

allopurinol. Several similar cases have also been reported and this proves that milder forms 

of allopurinol hypersensitivity shouldn’t be ignored in studies (Carstens et al., 1994).  

However, one recent Australian report found that none of the 12 patients with the milder 
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allopurinol-induced MPE reaction carried the HLA-B*58:01 allele, including one South East 

Asian origin patient (Lee et al., 2012). This discrepancy might be explained by the different 

ethnic backgrounds. Significant differences between DRESS and SJS/TEN in the pattern of 

immune responses have been found, causing a marked deviation in the pathological 

phenotype of severe drug eruptions (Pichler et al, 2010). The lymphocyte transformation 

test, a reflection of drug-specific T-cell responses, has been reported to be positive at the 

same acute stage in MPE and SJS/TEN, while positive reactions were only obtained at the 

recovery stage in DRESS, which suggested differences in the immunological reactions among 

three types of cADRs (Kano et al., 2007). Genetic predisposition and other factors leading to 

the diversity of the immunological reactions could be involved in the complex determinism 

of the various spectrums of ADRs caused by allopurinol. Hung et al. suggested that HLA-

B*58:01 was necessary but not sufficient for the occurrence of allopurinol-induced SCARs 

(Hung et al., 2005). Samples HLAG38 and HLAG39 both have SJS but are negative for HLA-

B*58:01. HLAG38 shows presence of HLA-B*15:02 and HLAG39 shows presence of HLA-

C*12:02, thus proving that even in the absence of HLA-B*58:01, SJS can manifest in gout 

patients. Hence, further investigation is needed to find the other factors responsible for SJS 

in these two patients. Cao et al. showed that HLA-B*58:01 is thus a strong risk factor for not 

only SCARs, but also MPE. However, it is likely that other factors would also be implicated in 

the pathogenic process, and that may be one of the reasons why some HLA-B*58:01 carriers 

did not present cADRs after exposure to allopurinol (Cao et al., 2012). 

Another anomaly seen in the NCBI BLAST results are the presence of only 10% of the total 

100 hits being the HLA-B*58:01:01 allele. The rest of the 90% hits are distributed amongst 

other HLA-B alleles, with some of them being genetic markers for other drug-disease 

associations. This proves that the primers designed are not amplifying only the HLA-B*58:01 

region and that the latter has too high polymorphism seen. Hence, the amplification of 

exons for HLA-B*58:01 detection is not feasible.  

All the different HLA-B alleles seen in the ADRs/SCARs cohort were found in other 

pharmacogenetic association studies for HLA-B*15:02 and HLA-B*57:01, which will be 

detailed in this discussion section. The causes of this multiple HLA-B alleles marker concept 

will also be discussed to show how they are all interconnected in numerous diseases and 

not restrained to one HLA-drug-disease association. However, literature review revealed 
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only HLA-B*58:01 focused studies and no studies evaluating the possibility of other HLA-B 

alleles’ involvement. This may be caused by the timing of the discovery and validation of 

these pharmacogenetic markers, HLA-B*57:01 being the first one, followed by HLA-B*15:02 

and finally HLA-B*58:01. Literature shows that the usefulness, validity, accuracy and 

implementation of HLA-B*58:01 as a pharmacogenetic marker is still being evaluated 

worldwide. 

HLA-B*35:01:01 and HLA-B*58:02 were identified in all the 9 positive samples, along with 

HLA-B*58:01:01, suggesting a possible strong link here. These 3 alleles always happened 

together in all the HLA-B*58:01:01 positive samples and can thus be said to be other 

possible genetic markers for allopurinol-induced cADRs in Malaysian gout patients. 

However, more investigations are needed to validate this. Pompeu et al. stated that 

allopurinol hypersensitivity responses can be caused by HLA-B*58:01 allele only and not the 

closely related HLA-B*58:02 allele. There are six residues that distinguish HLA-B*58:01 from 

HLA-B*58:02, three of which are located within the antigen-binding cleft. Since the deisgned 

primers target the peptide-binding groove (exon 2 and exon 3 of the HLA-B*58:01 allele) it 

can be deduced that these 3 residues are not enough to distinguish between HLA-B*58:01 

and HLA-B*58:02 alleles. Hence, this encourages the amplification of the whole HLA-

B*58:01 allele and not just the exon 2 and 3 for allopurinol-induced ADRs/SCARs studies. 

Allopurinol may bind in the cleft contacting polymorphic HLA residues and altering the 

repertoire of bound peptides, or it may bind outside the antigen-binding cleft in a manner 

that influences T-cell recognition. An alternative possibility is that allopurinol binds to 

multiple sites on the HLA molecule, including polymorphic sites and perhaps conserved 

sites. For example, the F pocket has chemical and geometric features that are compatible 

with allopurinol binding. Allopurinol binding the F pocket in HLA-B*58:01 individuals would 

be expected to alter HLA-binding motif at the ninth position (due to F pocket steric effects) 

and the P5 position (due to HLA-B*58:01 specific residues). Small molecule drugs such as 

allopurinol may bind a diverse set of sites on HLA molecules and trigger adverse effects 

through alternative unknown mechanisms that including direct TCR binding. Hence, with the 

still ambiguous altered-peptide repertoire mechanism, along with allopurinol binding to 

multiple sites on HLA molecules, the drug-HLA-SCARs association still need deeper 
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deciphering (Pompeu et al., 2012). Pharmacogenetic research thus provides the opportunity 

to explore other possible mechanism of actions for drug-HLA-SCARs interactions. 

Another cluster of HLA-B alleles, namely HLA-B*57, HLA-B*58:01, HLA-B*58:02 was found in 

sample HLAP6 with SJS. The HLA-B*15 allele was also found in HLAP6, showing a total of 

three possible genetic markers (HLA-B*57, HLA-B*15, HLA-B*58:01) in SJS. In sub-Saharan 

Africa, HLA-B*57, HLA-B*58:01, and HLA- B*81:01 are protective against human 

immunodeficiency virus type 1 (HIV-1) infection progression, while HLA-B*18:01 and HLA-

B*58:02 are associated with rapid progression. One contributory factor is the role of HLA 

molecules in presenting particular epitopes to induce CD8+ T-cell responses against HIV-1. 

Gag-specific CD8 + T-cell responses are associated with lower viremia levels and are 

dominant in people with protective HLA alleles, such as HLA-B*57:03. In contrast, disease-

susceptible HLA alleles, such as HLA- B*58:02, typically present relatively ineffective non-

Gag responses associated with high viral set points (Leitman et al., 2016). HIV-1 infected 

Africans were found to have protective HLA-B*57:03 and HLA-B*58:01, then were 

susceptible to HLA-B58:02. In addition, HLA-B35:01 is strongly associated with high HIV-1 

viral load in infected cohorts in Japan (Mori et al., 2014). HLA-B*57:01 was also discovered 

as a functional determinant of flucloxacillin-induced liver injury (Monshi et al., 2013). HLA-

B*57:01 and B*58:01 are part of the same HLA-B17 serotype; they differ in structure by only 

five amino acids and have a significant overlap in their antigenic peptide repertoire. 

Abacavir has recently been shown to interact with amino acid residues located deep within 

the HLA- B*57:01 (but not HLA-B*58:01) binding groove and alter the repertoire of self 

peptides that are presented to CD8+ T cells. In contrast, flucloxacillin does not alter peptide 

binding to HLA-B*57:01, which shows that functional flucloxacillin antigens derive from 

naturally processed drug-protein conjugates. Interestingly, activation of CD8+ clones was 

detected with flucloxacillin-pulsed antigen-presenting cells from volunteers expressing both 

HLA-B*57:01 and B*58:01 in this study (Monshi et al., 2013).He et al. used several methods 

for HLA typing and recognized a few HLA alleles in a Leukemia patient, namely, HLA-

B*15:01, B*15:20 and B*58:01. However, this turned out to be a case of HLA-B allele 

dropout and intronic polymorphism, which generated a novel allele, HLA-B*58:01:01:02. 

The later had some nucleotides difference at 509 C>T, 521 T>G and CCC insertion in position 

503 of intron 2, compared to HLA-B*58:01:01:01 (He et al., 2016). This may have happened 
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in the results too, as several HLA-B alleles were linked together 

(58:01:01/58:02/35:01:01:01) in the positive samples, thus  indicating the possible presence 

of a novel allele in Malaysian gout patients.  

The presence of HLA-B*35:01:01:01 (in 9 positive samples), HLA-B*35:02 (1 sample) and 

HLA-B*35:03:01 (2 samples) in the HLA-B*58:01 positive samples, shows another possible 

association. HLA-B*35 alleles including HLA-B*35:05 are known to be linked to nevirapine 

hypersensitivity. The most significant difference between HLA-B*35:05 and HLA-B*35:01 is 

at position 121 in the floor of the antigen-binding cleft in a site where intermolecular 

contact with peptide at P5 may be altered (Pompeu et al., 2012). The HLA-B*35:01:01 allele 

has also been previously associated, in its haplotype HLA-

A*02:01:01/B*35:01:01/C*04:01:01, with with lamotrigine-induced maculopapular 

exanthema (MPE) in Mexican Mestizo patients. This association hence links HLA-B*35:01:01 

to HLA-B*15:02, which is also responsible for lamotrigine-induced cADRs (Fricke-Galindo et 

al., 2014).  HLA-C*04:01:01 was identified in 4 gout samples, but none of them showed 

presence of HLA-B*35:01:01 too. HLAG18 showed mild allergy as rashes and had only HLA-

C*04:01:01 identified via Sanger sequencing. HLAP2 had only HLA-C*04:01:01 present too 

and showed generalised rashes. HLAG69 showed an ambiguous allergy to allopurinol and 

showed presence of HLA-C*04:01:01 and HLA-B*40:01/48. HLAP37 showed presence of 

HLA-C*04:01:01 and HLA-B*56 and had generalized rashes.  

A Thai study found that HLA-B*35:05 acts as a protective allele, along with HLA-B*57:01 in 

HIV-1 infection. HLA-B*27 has also been identified as a protective allele in white populations 

and HLA-B*58:02 as a disease susceptible allele in African populations. This Thai study also 

shows a big set of HLA alleles identified in HIV-1 patients. 111 alleles (27 HLA-A, 58 HLA-B, 

and 26 HLA-C alleles) were detected, with the most prevalent HLA-B alleles being HLA-

B*46:01 (26.6%), followed by HLA-B*40:01 (20.1%) and HLA-B*13:01 (17.8%). HLA-B*57:01 

was detected in only 1.4% of this study. Of the HLA-C alleles, HLAC*01:02 was the most 

prevalent (31.6%), followed by HLA-C*07:02 (30.3%) and HLA-C*08:01 (18.3%) (Mori et al., 

2014).  No HLA-A alleles were identified in the ADRs/SCARs cohort, but we identified HLA-

B*40:01 (7.1%), HLA-B*57 (3.6%), HLA-C*08:01 (3.6%), HLA-C*07:02:01 (3.6%), similar to 

the aforementioned Thai study. This again proves that a cluster of HLA alleles are common 

in several populations and act as risk factors for ADRs/SCARs, albeit at different frequencies 
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and for multiple diseases and infections. Mori et al. also showed that HLA molecules with a 

more restricted peptide-binding repertoire, such as HLA-B*27, HLA-B*57, and HLA-B*35:05 

are more likely to be protective alleles, showing the importance of further studies on the 

peptide-binding repertoire again. HLA-B*58:01 was the fourth most prevalent HLA-B allele 

in this Thai study, 17.6% by population frequency. Moreover, HLA-B*58:01 was not 

protective in this HIV-1 cohort, similar to an African-American cohort, but contrasting the 

results for Native Africans and Whites. HLA-B*58:01-positive patients possessed the T242N 

escape mutation in Gag p24 and other compensatory mutations, namely, H219Q, M228I, or 

G248A. There was a high frequency of compensatory mutations in the HLAB58:01-positive 

individuals in this study, suggesting that it was easier for the HIV-1 virus to adapt to immune 

pressure exerted HLA-B*58:01 (Mori et al., 2014). Hence, mutation in HLA-B alleles is 

another branch that needs to be emphasized on, as their roles can change completely 

according to their mutational effects. 

Other HLA-B alleles were identified in the ADRs/SCARs cohort at high frequencies, namely, 

HLA-B*15 (17.9%), HLA-B*15:02 (14.3%), HLA-B*44:03:01 (10.7%), HLA-B*44(10.7%), HLA-

B*48 (7.1%) and HLA-B*35:03:01 (10.7%). HLA-B*15:02 was found in 14.3% of ADRs/SCARs 

samples. HLA-B*15:02 is a well-known genetic marker for carbamazepine, lamotrigine and 

phenytoin-induced cADRs, which are structurally related through an aromatic ring (Fricke-

Galindo et al., 2014). There are numerous other genetic markers discovered in literature 

which corresponds to the results. Chang et al. did a thorough review of pharmacogenetic 

testing available worldwide and found a large number of HLA alleles linked to CBZ-induced 

SCARs.  HLA-B*15:02 and HLA-B*15:11 were potential risk factors for CBZ-induced SJS/TEN 

in Japanese and Korean patients. HLA-A*31:01 was reported as a marker for CBZ 

hypersensitivity in Europeans. HLA-A*31:01 was strongly associated with CBZ-induced 

DRESS but not SJS/TEN in European and Han Chinese populations. Occurring at a low 

frequency in Japanese, Korean, and European populations, HLA-A*31:01 has been shown to 

closely correlate with CBZ-induced DRESS by meta-analyses. A prospective screening of HLA-

A*31:01 in new Japanese CBZ users showed effective prevention of hypersensitivity 

reactions induced by CBZ. In addition, a recent study from RegiSCAR group showed HLA-

B*57:01 was strongly associated with patients of CBZ-induced SJS/TEN in Europeans. HLA-

B*59:01 was also reported to be a risk gene for CBZ-induced SJS/TEN (Chang et al., 2020). 
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HLA-B*14:01 and HLA-B*35:01 were also found to be linked to trimethoprim-

sulfamethoxazole induced liver injury (Li et al., 2020). HLA‐B*40:02 and DRB1*04:03 are risk 

factors for oxcarbazepine‐induced maculopapular eruption (Moon et al., 2016).   

Rani et al. showed that 41.9% of patients treated with CBZ developed rashes on the skin and 

they were positive for other types of HLA-B alleles; HLA-B*40:01,*35,*4 

8:31,*48:12,*51:01,*58:11,*41:02,*44 (Rani et al., 2018). Two Thai studies also showed a 

similar set of HLA-B alleles identified in their cohorts, when compared to this study. 

Puangpetch et al. previously reported HLA-B polymorphisms from 986 Thai individuals. The 

top five of such HLA-B alleles consisted of HLA-B*46:01 (11.51%), HLA-

B*58:01 (8.62%), HLA-B*40:01 (8.22%), HLA-B*15:02 (8.16%), and HLA-B*13:01 (6.95%) 

(Puangpetch et al., 2015). Another Thai population also showed multiple HLA-B alleles and 

their frequencies; HLA-B*46:01 (14.04%), -B*15:02 (7.66%), -B*40:01 (6.60%), -

B*58:01 (6.38%), -B*13:01 (5.96%), -B*44:03 (4.47%), and -B*38:02 (4.26%) (Satapornpong 

et al., 2020). Huh et al. also showed the presence of multiple HLA-B alleles, with smaller 

percentages, in a Korean cohort; 07:02 (0.1%), 13:02 (0.08%), 15:01 (0.08%). 27:05 (0.07%), 

35:01 (0.08%), 40:01 (0.07%), 40:02 (0.13%), 40:06 (0.13%), 44:03 (0.14%), 46:01 (0.1%), 

48:01 (0.11%),51:01 (0.13%), 54:01 (0.07%), 57:01 (0.20%), 59:01 (0.06%) (Huh et al., 2018). 

Other HLA-B*58 alleles were also identified in smaller percentage, namely HLA-B*58:28 

(3.6%), HLA-B*58:34 (7.1%) and HLA-B*58:65 (3.6%). Huh et al. showed similar results in a 

Korean study, where their primers could not discriminate between HLA-B*58:01 and HLA-

B*58:02, HLA-B*58:31N, HLA-B*58:76. Interestingly, HLA-B*58:02 wasn’t found in any Asian 

population before and HLA-B*58:31N and HLA-B*58:76 are rare alleles (Huh et al., 2018). 

Two other studies also showed similar results, where they couldn’t distinguish between 

these specific HLA-B*58 alleles (Kang et al., 2016; Nguyen et al., 2017). Moreover, their 

primers also bound to several HLA-B*57 alleles; HLA-B*57:01, HLA-B*57:03, HLA-B*57:05, 

HLA-B*57:06, HLA-B*57:11, HLA-B*57:29, HLA-B*57:79N, HLA-B*57:82 and HLA-B*57:83 

(Huh et al., 2018). Primers P2 and P3 in this study showed better specificity at distinguishing 

between HLA-B*57 and HLA-B*58 alleles, with only HLA-B*57 detected in one sample. Two 

samples, HLAP3 and HLAP51, had ADRs to both allopurinol and febuxostat, but none 

showed the presence of the HLA-B*58:01 allele. HLAP3 only had the HLA-B*44:03:01 allele 

present, while HLAP51 showed the presence of two alleles, namely HLA-B*15:02 and HLA-
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B*14:02. Only one study checked HLA allele presence in a patient with allopurinol and 

febuxostat allergy. The patient had the HLA-B*58:01 allele, but there was a drug-drug 

interaction of allopurinol with buproprion, hence making the result ambiguous (Tana & 

Vadas, 2019). More studies are needed to check which HLA alleles are involved in double 

allergy to allopurinol and febuxostat. Heterozygous samples were also identified, HLA-B*40/ 

HLA-B*48 in one sample and HLA-C*08/-B*40 in another sample. 

Sanger sequencing performed on the ADRs/SCARs patients opened up a whole new 

perspective on screening of HLA alleles. The focus has always been on the strength of single 

HLA-drug-disease associations in different populations and ethnicities. However, the HLA 

alleles are a complex, polymorphic and tightly connected set of genes which work together 

to modulate our immune response. This concept is reflected in these findings, where a 

cluster of HLA-B alleles are responsible for a wide range of ADRs/SCARs in the gout patients. 

This was also reflected in numerous studies, as aforementioned, with the same HLA alleles 

found in different populations. Moreover, the previously validated pharmacogenetic 

markers, such as HLA-B*57:01, HLA-B*15:02, HLA-B*58:01, were found to have roles in all 

their diseases. Other factors which further complicate HLA-omics are the ambiguity of HLA’s 

altered-peptide repertoire mechanism, multiple binding sites of drugs on HLA molecules, 

presence of protective HLA alleles and ongoing mutations in HLA molecules. The future of 

pharmacogenomics will thus rely on screening for a set of pharmacogenetic markers, rather 

than one HLA allele, and can be applied for numerous diseases, infections and ADRs. 
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5.2.4 Combining Sanger sequencing and HRM results to find a specific trend in results 
 

Once the HRM melt curve analysis proved too ambiguous to be used for HLA calling, the 

Sanger sequencing results were combined with HRM results to try to find a specific trend. 

The sequencing results were aligned to their specific HLA allele hits and SNPs present were 

analysed together with the Tm changes when compared to the positive control and the 

resulting change in HRM difference melt curve (Table 4.13-4.15). Similar base changes 

usually caused a similar change in the shape of the HRM difference melt curve, hence 

allowing the association of specific base changes to a specific peak or curve shift on the 

difference melt curve. After PCR amplification of heterozygotes, four duplexes are formed: 

two homoduplexes and two heteroduplexes. Each duplex has a characteristic melting 

temperature, and the sum of all transitions can be observed by melting curve analysis. The 

presence of heteroduplexes changes the melting curve shape of amplified heterozygotes 

compared with homozygotes. The changes are small but can be reliably detected with high-

resolution melting analysis. This technique has also been applied to single-nucleotide 

polymorhism (SNP) typing (Reed et al., 2004). 

Reed et al. showed a sensitivity of 98% for their HRM analysis of SNPs for a data set that 

included PCR products up to 1000 bp with the SNP centered. However, this was not possible 

in this study as the primers were not designed specifically for SNPs targetting and also due 

to the presence of too many SNPs and HLA alleles amplified. Reed et al. also proved that as 

the product length increases, the difference between wild-type and heterozygote curves 

became smaller, and the calls seemed to become harder to make (Reed et al., 2004). Even if 

the designed primers targetted a smaller region of 149-249 bp, the Tm changes were too 

erratic and Sanger sequencing results had gaps. It was difficult to identify a trend due to the 

erratic Tm change seen for similar base changes and samples with similar HLA allele hits 

called. SNPs typing is usually limited to only one of two bases at a given position (Gundry et 

al., 2003) and this was not the case in thisstudy. Complete genotyping of SNPs by HRM was 

possible in 90% of cases with short PCR products, but  only in the presence of a 

heterozygous, homozygous and wild-type DNA control (Palais et al., 2005). Heterozygous 

and homozygous samples could not be differentiated due to the lack of more controls and 

as the positive control itself was heterozygous. Moreover, a lot of SNPs were seen in these 
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samples (Table 4.14-4.16), and they cancelled each other out, due to similar bases and base 

changes. This was shown by Palais et al. too, due to neighbor thermodynamic symmetry, 

where bases adjacent to the SNP are identical on both DNA strands and the SNP consist of 

an interchange between complimentary bases (Palais et al., 2005). No trend was seen in 

SNPs, Tm, GC % of HLA-B*58:01 positive samples and thus could not be linked to a change in 

melt curve shape. Hence, this again shows that other factors are at play and are causing the 

erratic results.  

Literature showed four studies using HRM specifically for HLA typing, all using different 

methods of analysis and HLA typing. Zhou et al. established HRM typing for HLA-A alleles by 

targeting its exon 2 and 3 too, but combined nested PCR to improve sensitivity and 

specificity, followed by HRM analysis for transplantation purposes. Moreover, they had 

eight different samples of known genotypes to use as controls for their HRM analysis (Zhou 

et al., 2004). Imperiali et al. designed a HRM assay to detect all subtypes of HLA-B*51, the 

strongest known genetic risk factor for Behçet disease. Authors used another method, with 

the presence of double peaks in the melting curve for positive samples and internal control 

presence, while negative samples showed only one peak for the internal control. However, 

this method couldn’t be applied to current results as the internal control wasn’t included in 

HRM screening as it was dominated by P2 and P3 primers. Moreover, authors amplified all 

HLA-B*51 subtypes here, instead of one specific four digit HLA-B allele (Imperiali et al., 

2015).  Cui et al. developed a HRM method for the genotyping of HLA-DQA1 allele by 

targeting two specific SNPs and in the presence of several DNA references. Hence, the two 

SNPs were easily identified by the altered shape of the melting curves or the homozygote 

(AA or GG) was identified by a change of 0.4C in melting temperature (Cui et al., 2013).  

Rani et al. used the HRM method to screen for HLA-B*15:02 epileptic patients with SCARs 

presentation, by targeting the exon 2 and 3 on a Rotor-Gene 6000 HRM System (Corbett Life 

Science, USA) (Rani et al., 2018). This method was used as a foundation for this research, 

but the completely different results raises the possibility of a problem with the instrument’s 

resolution. Instruments specifically designed for HRM displayed the least variation, 

suggesting better scanning sensitivity and specificity compared to intruments with wider 

applications. (Herrmann et al., 2006). He et al. indicated indicated that multiplatform should 

be used to improve the HLA typing accuracy when a conclusive HLA genotype cannot be 
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determined (He et al., 2016). However, only the Eco-Real Time Illumina machine was 

capable of performing HRM in the University of Nottingham and it has a wide application, is 

not HRM specific and did not go through regular maintainance. The power of DNA melting 

analysis depends directly on the resolution of the melting instrument. Melting resolution 

depends on temperature control, temperature measurement, and fluorescence 

measurement. Temperature control determines both intra- and intersample variations. 

Melting rate, sample volume, and sample geometry affect temperature variations within a 

sample. Fixed, 96-well instruments showed the greatest sample variation, whereas the 

single-sample instrument had the least. This machine had 48 wells and thus was prone to 

greater sample variation. The resolution of temperature and fluorescence measurement 

depends on sensor and electronic noise, signal intensity, integration time, and the bit depth 

of analog-to-digital conversion. Overall measurement resolution is also determined by 

melting rate, extent of data averaging, and the resulting data density (Herrmann et al., 

2006). Hence, many factors were identified as variables which contributed to the erratic 

HRM results seen in this study.  
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5.2.5 Validation and verification of the HRM method via Sanger sequencing on the 

volunteer cohort 
 

All the aforementioned methods used for HRM and Sanger sequencing analysis was 

repeated for the healthy volunteer cohort to try to find a trend for HLA-B*58:01 positive 

and negative samples. All the volunteers did not have gout and did not take allopurinol. In 

terms of HRM melt curve shape analysis, no specific trend was seen again, as shown in Table 

4.17. By using the same temporary fluorescence threshold of 20 to -20 on the difference 

melt curve, 51 samples were called as positive and 94 samples as negative for the HLA-

B*58:01 allele.  This was however impossible as it yields a higher percentage of positives 

(35%) compared to the gout cohort (15%). This high percentage by far exceeds and 

contradicts the Malaysian HLA-B*58:01 frequencies identified in database mining done in 

the literature review (Ghattaoraya et al., 2016). The lack of HRM melt curve trend here, 

further supports the results found in the gout cohort, which points towards HRM result 

ambiguity due to the presence of other variables. No trend was seen again in HRM curve 

shape amongst the 4 positive samples identified, similar to ADR samples. NS6 was the only 

sample showing the presence of the HLA-B*35:01 and HLA-B*53:01 alleles, without any 

HLA-B*58:01 hit like the 4 normal, positive samples. Samples identified with close HRM 

curves, namely NS11, NS26 and NS28, all had HLA-B*15 alleles as the highest hit, thus 

showing that HRM curve shape was maybe influenced by the presence of numerous alleles, 

and not just the desired, HLA-B*58:01 allele. This was further validated by sample NS68, 

which had the HLA-B*15 alleles as highest hit, but had a hugely difference in the HRM curve 

shape.  

The sequencing results for the normal samples showed HLA-B*15/35/53 as the highest hit, 

compared to HLA-B*58/35 being the highest in the ADR samples. More variants of the HLA-

B*15 allele were found in the normal samples, compared to the gout/ADR samples. The 

HLA-B*35 allele had similar variants in both cohort, but were present at a higher percentage 

in normal samples. The most abundant alleles in the volunteer cohort were HLA-B*15 

(35.7%), HLA-B*35 (35.7%), HLA-B*53 (35.7%), followed by their variants HLA-B*15:02 

(28.6%), HLA-B*15:21 (28.6%), HLA-B*35:01:01 (28.6%), HLA-B*53:01:01(28.6%), as well as 

HLA-B*58 (28.6%) and HLA-B*58:01:01(28.6%). The volunteer cohort thus shows the 

presence of a similar set of HLA-B alleles, previously identified in the ADRs/SCARs gout 
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cohort. This further confirms the initial theory of the presence of multiple pharmacogenetic 

markers in Malaysians, regardless of the presence of a disease or not. Sanger sequencing 

identified the presence of four HLA-B*58:01:01 positive samples, along with the previously 

linked HLA-B*35:01:01 allele, in the random 14 volunteer samples. HLA-B*58:01:01 allele 

comes in as the fourth most abundant allele at 28.6%. A significant percentage of the 

volunteer cohort thus showed similar percentages of HLA-B*58:01:01 (28.6%), HLA-B*58 

(28.6%) and HLA-B*35:01:01 (28.6%). The ADRs/SCARs cohort (n=28) previously analysed 

showed 32.1% of these three HLA-B alleles. This shows that these 2 alleles have a strong link 

to Malaysians, even in the absence of gout and accompanying ADRs/SCARs. However, HLA-

B*58:02 was not found linked to these two alleles in the volunteer cohort, compared to the 

gout cohort.  

This proposes a possible link of HLA-B*58:02, as a susceptible allele, in gout patients with 

ADRs/SCARs, but not in the general healthy population. There are a few explanations for 

this found in literature, mainly, the mutation of HLA-B alleles, the binding of allopurinol to 

more than one HLA site causing ADRs through alternative unknown mechanisms, mutations 

in germline cells, the apparition of new alleles with selective advantages/disadvantages and 

micro variation within serotypes (Williams, 2001; Pompeu et al., 2012). One example is the 

allele DRB1*0802, which was present in high frequency in Bering Strait Immigrants who 

moved to America and the resulting subtle variants of DRB1*0802 such as *0807, *0811 and 

*0802 found in present day native Americans. These variants are thought to have arisen in 

individuals with DRB1*0802 through mutations in germline cells (Williams et al., 1994; Mack 

& Erlich, 1998). New alleles appear to emerge at a fairly high rate and become fixed in 

populations, in theory, if they provide a selective advantage in presenting peptides from 

infectious organisms. New alleles are generated via point mutation, recombination, and 

gene conversion-like events. This was shown in AIDS too, where HLA alleles may confer 

resistance or susceptibility to disease progression, along with dosage effects. Recent studies 

have suggested that homozygosity at HLA loci and/or the presence of A*29, B*35-

Cw*04, B*54, *55, and *56, and DRB1*11 are associated with more rapid progression, while 

HLA locus heterozygosity and/or the presence of B*14 and Cw*08 are associated with 

longer latency periods (Carrington et al., 1999; Hendel et al., 1999). HLA-B*58:02 was also 

identified as the principal risk allele in HIV patients in African cohorts, while HLA-B*51:01 
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appears both protective and disease-susceptible, depending on the geographic and 

evolutionary context (Goulder & Walker,2012). HLA-B alleles can thus be both protective 

and disease-susceptible, proving the constant mutations happening and the need for further 

investigation. 

The HLA-B*15:21 allele was found only in the volunteer cohort, the sixth most abundant 

allele here (28.6%). Jaruthamsophon et al showed a significant association between CBZ-SJS 

and HLA-B*15:21 and HLA-B*15:11.  HLA-B*15:21 is known to be common in Southeast 

Asian and neighbouring populations whose HLA-B*15:02 frequency is also high. Hence, it is 

not surprising that association studies focused on the globally verified HLA-B*15:02 and not 

on HLA-B*15:21. Although it is a significant new finding, the positive association between 

CBZ and HLA-B*15:21 is not an unexpected finding, since the HLA-B*15:21 marker is a 

member of the HLA-B75 serotype group, similar to HLA-B*15:02 and B*15:11. These HLA-

B75 serotype members, share the 63rd arginine residue which is critical for the formation of 

the drug-HLA molecule complex by a direct pharmacological interaction.  The molecular 

docking study revealed that HLA-B*15:11, HLA-B*15:21, and HLA-B*15:08 are also capable 

of binding to the CBZ molecule directly. Moreover, authors also showed that CBZ was bound 

to HLA-B*15:01, but at a groove not participating in the antigen-presenting domain. Thus, 

patients with CBZ-SJS might have negative screening for HLA-B*15:02 but positive screening 

for other HLA-B*15 alleles (Jaruthamsophon et al., 2017). Filipino patients were also found 

to have the HLA-B*15:21 link to CBZ-SJS/TEN (Capule et al., 2020). A recent worldwide 

review (Then & Raymond, 2019). showed the presence of 15 different HLA-B alleles (HLA-

B*15:02, *31:01, *58:01, *15:21, *13:01, *38:02, *51:01, *56:02, *56:04, *15:13, *38:01, 

*24:02, *13:02, *40:02, 3*5:01), from 15 different countries, in drug-induced cADR in 

epileptic patients. Malaysian studies showed the involvement of HLA-B*15:02 and HLA-

B*15:13 alleles only (Then & Raymond, 2019). Hence, this study fully supports the findings 

of numerous pharmacogenetic markers presence and contradicts the one HLA-drug-disease 

association. However, literature search revealed no such HLA-B*58:01 association studies 

with the presence of numerous pharmacogenetic markers. 

Other HLA-B alleles were also found exclusively in the voluteer cohort, namely, HLA-B*53, 

HLA-B*53:01:01, HLA-B*13, HLA-B*13:02 and HLA-B*13:01. The prevalent African allele 

HLA-B*53:01 was linked to raltegravir-induced DRESS syndrome in HIV patients. Virtual 
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modeling suggests that raltegravir may bind within the antigen binding cleft of the HLA-

B*53:01 molecule, but not within the closely related HLA-B*35:01 molecule (Thomas et al., 

2017). Only one Malaysian study was found with DNA typing of the HLA-B gene in the 

peninsular Malaysian aborigines by using the SSOP method and comparison done to 

conventional serological typing (Hirayama et al., 1996). 56 unrelated individuals were 

investigated for their DNA polymorphism of the HLA-B gene, and 13 different HLA-B alleles 

were found; HLA-B*15:13, *35, *58, *40, *62, *38:02, *57, *18, *13, *40, *51, *7 and *18. 

Interestingly, a rare allele, HLA-B*15:13 was found to be prevalent in the different groups of 

Malaysian aborigines and shared the C-terminal peptide binding pocket (pocket F) with an 

African resistant type against severe malaria, HLA-B*5301. Amino acid sequence of this 

major allele, HLA-B*15:13, in the aborigines especially around the peptide binding groove (B 

and F pockets), was compared with that of African B*5301 that had been suggested to 

confer resistance to malaria infection in Africa. The amino acid residues composing of the F 

pocket were completely identical in B*1513 and B*5301. HLA-B*5301 and B*3501 had a 

difference located in the F pocket, but only HLA-B*53:01 was seen linked to malarial 

protection due to its high affinity to some major antigenic peptide produced in the host 

hepatocyte. Hence the shape of the C-terminal pocket was critical for the development of 

immunity against malaria. These observations suggest that a common environmental factor, 

the malaria infection, might have independently enhanced the evolution and selection of 

functional change in the polymorphic portion of HLA-B gene in Africa and in South-East Asia. 

Thus, the fact that B*1513 and B*1502 differ only in Bw4/6 within the a1 domain implies 

that the same kind of genetic events such as gene conversion may have happened during 

the course of evolution of the HLA-B gene in Malaysian aborigines. This study raised the 

possibility that the specific shape of the F pocket shared by B*53:01 and B*15:13 had some 

advantage to be maintained in the endemic areas for malaria (Hirayama et al., 1996). 

A recent study showed that the HLA-B*13:01 allele was significantly associated with AEDs-

induced cross-reactivity, in Chinese and Thai (Min et al., 2019). The rate of cross-reactivity 

caused by two aromatic anti-epileptic drugs (AEDs) was higher than that caused by one 

aromatic drug and one non-aromatic drug. It was reported that cross-sensitivity induced by 

aromatic AEDs (CBZ, LTG, OXC, PHT, and PB) occurred in 40–58% of patients because of their 

similar chemical structures and intermediary metabolism molecules (Handoko et al., 2008). 
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Previous studies demonstrated that HLA-B*13:01 was associated with PHT-SJS/TEN in Han 

Chinese and with severe cADRs induced by PHT in Thai people (Hung et al., 2010; Yampayon 

et al., 2017). Thus studies revealed revealed that HLA-B*13:01 may be a potential risk factor 

for cADRs induced by anti-epileptic drugs (AEDs). Additionally, other studies also reported 

that HLA-B*13:01 was associated with cADRs induced by dapsone and salazosulfapyridine 

(Yang et al., 2014; Tempark et al., 2017). Another study showed that HLA-B*13:01 is strongly 

associated with dapsone DRESS in Taiwanese and Malaysian populations (Chen et al., 2018). 

The HLA-B*13:01 allele is present as a medium common allele in Asian populations. Based 

on these data, HLA-B*13:01 may be used as a common genetic marker for predicting cADRs 

in Asian populations. A few HLA-C alleles were found exclusively in the volunteer cohort, 

namely, HLA-C*15 and all its variants (HLA-C*15:10:02, HLA-C*15:02 and HLA-C*15:05). 

Very little is know about HLA-C’s role in disease associations. HLA-C is a major determinant 

for NK cell activity and has high importance in pregnancy and placentation.  HLA-C has also 

been associated with many diseases, including viral infections, cancer, autoimmune diseases 

and transplant failure. More studies are needed to properly valid HLA-C alleles’ disease 

association (Papúchová et al., 2019). 

The erratic HRM results worked in our favor, as we focused on finding another reason/cause 

for our results, instead of the typical one HLA-drug-SCAR interaction. This pushed us to 

forget about the normal expected theory and look at this from another perspective, as one 

would look at an anomaly. This perspective was also brought about by the fact that this was 

a novel research in Malaysia in 2014-2016 and no data was available to show a certain 

standard or trend we should adhere to. We took a discovery approach and matched the 

results to literature to show that it differs completely. 
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5.2.6 HRM screening method’s performance evaluation  
 

The HRM method has been proven to have a 90-100% sensitivity and specificity in numerous 

studies, with varied positive predictive (PPV) and negative predictive values (NPV) (Reed et 

al., 2004;Cui et al., 2013; Pavlov et al., 2015; Imperiali et al., 2015; Rani et al., 2018; Saskit et 

al., 2017). Reed et al. showed a sensitivity of 98% for their HRM analysis of SNPs (Reed et al., 

2004), while Cui et al. showed a sensitivity mean of 98.8% for the HRM screening of 2 

different HLA SNPs on 2 different intruments (Cui et al., 2013). The HRM method also 

showed 100% sensitivity, 100% specificity, 0% false positive and negative rate for HLA-B*51 

detection (Imperiali et al., 2015). The HRM method was used to detect the HLA-B*58:01 

allele with a high sensitivity and specificity (93.75% and 88.08%) with a PPV and NPV of 

79.65% and 96.59% (Saksit et al., 2017). The HRM method developed for HLA-B*15:02 

screening in Malaysia showed 100% sensitivity and specificity (Rani et al., 2018).  

However, the HRM method in this study showed a sensitivity of 0, specificity of 57%, 

positive predictive value of 0 and negative predictive value of 57%. Sensitivity measures the 

proportion of positives that are correctly identified, while specificity measures the 

proportion of negatives that are correctly identified in a method (Reed et al., 2004). The 

latter reflects the overall results as the positive samples identified by HRM were not the 

exact same samples identified as HLA-B*58:01 positive by the Sanger sequencing method, 

giving a sensitivity of 0. However, both the HRM method and Sanger sequencing identified 

five common HLA-B*58:01 samples, contributing to the 57% specificity. Hence, the PPV 

value is 0 too, followed by a NPV value of 57%. All these values could be improved by 

standardizing all limiting factors seen in this study. There are numerous factors contributing 

to these low results seen. The biggest factors contributing to the 0% sensitivity and PPV 

value are the heterozygosity of the positive control and the high polymorphism of the HLA-

B*58:01 allele. There was a small number of ADRs/SCARs samples (n=28) collected over 3 

years due to slow sample collection. Moreover, there was no standard ADRs/SCARs 

classification method in the two hospitals, causing an underestimation of the true 

ADRs/SCARs. The biggest contributing factor here was the primer specificity and the HLA-

B*58:01 high polymorphism seen. This renders exon amplification not feasible in this 

research. Future studies should focus on SNPs amplification. The lower resolution power of 
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the Eco Real-Time Illumina machine used was also a limiting factor. The low resolution was 

further explained when comparing Rani et al’s study to this study, as the latter was used as a 

reference in this research. Rani et al. targeted exons 2 and 3, used the EvaGreen dye in HRM 

and the Rotor-Gene 6000 HRM System for their method (Corbett Life Science, USA) (Rani et 

al., 2018). All these factors were similar, except for the primers and type of instrument used. 

Hence, their specific HRM system displayed better scanning sensitivity and specificity, 

compared to the Illumina machine which has a wider range of application (Herrmann et al., 

2006). Moreover, the Illumina machine experienced several breakdowns over the years and 

no proper maintainance. Statistical analysis was further used to assess the overall HRM 

results when compared to the Sanger sequencing results obtained. The sanger sequencing 

results were used to assess if there was an association between the HLA-B*58:01 allele’s 

distribution in the healthy volunteer cohort (n=145) and the gout cohort (n=145), via 

Fisher’s exact test. There was no significant association found between these 2 cohorts in 

terms of HLA-B*58:01’s distribution. The full 290 cohort was used here, taking confirmed 

Sanger sequencing results only, hence 9 positive for gout cohort and 4 positive for volunteer 

cohort. This was used instead of HRM results as the latter is too ambiguous.   

The association between HLA-B*58:01’s presence and the different ethnic groups in the 

gout cohort were also assessed via Fisher’s exact test and showed a p value of 

0.737(p>0.05). Thus there was no association between presence of HLA-B*58:01 allele and 

the different ethnic groups in the gout cohort. This may have been contributed by the small 

number of positive HLA-B*58:01 samples (9 positive), obtained from the Sanger sequencing 

results done on only 28 samples out of the gout cohort. Moreover, there was a big 

difference for the number of patients in the different ethnic groups in the gout cohort. The 

association between HLA-B*58:01’s presence and the different ethnic groups in the 

volunteer cohort were also assessed via Fisher’s exact test and showed a p value of 0.181 

(p>0.05). Hence, there is again no association, due to the small number of positive HLA-

B*58:01 samples (4 positive), obtained from the Sanger sequencing results done on only 14 

samples out of the volunteer cohort. In the future, the whole volunteer and gout cohorts 

must be sent for Sanger sequencing in order to find the true strength of association 

between ethnicities in a general Malaysian population and the HLA-B*58:01 allele presence. 

The link between HLA-B*58:01’s presence and the different types of allopurinol-induced 
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hypersensitivity reactions seen were assessed via One way ANOVA and showed no 

significant link with a p value of 0.905. This was probably caused by the poor classification of 

ADRs/SCARs in the two hospitals, with many different defining terms and the presence of 

only 9 HLA-B*58:01 positive samples.   

In terms of cost-effectiveness, a proper cost for the HRM method was quite ambiguous in 

our laboratory, as only the cost of reagents and consumables used could be calculated and 

came to around USD $1.50 per sample. Other studies also support the low cost of HRM of 

around USD $1.50 per 20μL sample, similar to this study (Reed et al., 2007; Bai et al., 2012). 

However, a more accurate cost would be that of Rani et al. calculated in a hospital setting 

and its affiliated laboratory, at <$16.40 USD/test (Rani et al., 2018). Hence, this cost can be 

applied in the future to this HRM method, if it was to be implemented in the HUKM hospital 

as all the factors are similar to Rani et al’s method. Moreover, this HRM method cost was 

less compared to USD $25.15 and USD $25.70 for multiplex-PCR and DNA sequencing 

respectively (Then et al., 2013; Rani et al., 2018). Rapid turnaround time (TAT) is crucial for a 

diagnostic laboratory which offers the HLA genotyping as a molecular genetic testing. The 

HRM screening preparation takes about 30-45mins depending on the handler’s experience 

and 1 hour 30 minutes for the run and generation of results. The TAT for HRM method is 

faster compared to multiplex-PCR and DNA sequencing (Then et al., 2013; Rani et al., 2018). 

15 samples can be screened at once and results generated in 2 hours, showing that it is 

rapid and better than any current HLA screening methods (Fortini et al., 2007; Polakova et 

al., 2008). It is also cost-effective, less labour intensive and error-prone compared to other 

methods (Lundgren et al., 2012).  

Several countries show reluctance to implement HLA-B*58:01 screening due to a negative 

cost-effectiveness analysis, namely, in Malaysia (Chong et al., 2018), Singapore (Dong et al., 

2015), Korea (Park et al., 2015), United Kingdom (Plumpton et al., 2017) and United States 

(Jutkowitz et al., 2017). All these aforementioned studies, however, stated the same 

limitations, showing us how to tackle PGx implementation in the future. High genotyping 

cost, limited availability choices of drugs for chronic gout treatment and lower positive 

predictive value for SJS/TEN were the factors that reduced the cost–effectiveness of HLA-

B*58:01 genotyping (Dong et al., 2015; Park et al., 2015; Plumpton et al., 2017; Jutkowitz et 

al., 2017; Chong et al., 2018). Moreover, methods of HLA-B*58:01 screening were all time-
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consuming and were not available in routine clinical practice (Chong et al., 2018). However, 

taking Rani et al’s study example as an example in Malaysia, all these limitations were 

overcome, as it has been already implemented in HUKM hospital and its affiliated laboratory 

UMBI. Rani et al. have been screening for the HLA-B*15:02 allele for around two years in 

epileptic patients and have shown a significant reduction in the number of SCARs patients 

recorded in HUKM (Rani et al., 2018). This shows that the implementation of 

pharmacogenetic screening is hospital-specific, based on the availability of laboratories and 

their willingness to participate in the PGx field. Thus, HLA-B*58:01 detection will soon be a 

reality in HUKM and Hospital Putrajaya, contributed by the willingness of doctors there to 

provide better treatments for their patients. 

5.2.7 Conclusion  

Hence, to conclude the second section of discussion, the HRM method was developed based 

on literature, but did not show a good sensitivity, specificity, PPV and NPV due to the 

presence of numerous limiting factors. The primers designed were not specific enough, the 

positive control turned out to be a heterozygous sample, and the high level of 

polymorphism recorded in the HLA-B*58:01 region only exacerbated this. Ambiguity in HLA 

typing by HRM and Sanger sequencing is linked to the high polymorphism observed in the 

HLA-B*58:01 allele. Exon amplification was not specific enough and several HLA alleles were 

seen after sanger sequencing. The HLA-B*58:01 allele was still linked to gout patients to a 

certain level and the theory of multiple pharmacogenetic markers was brought up by Sanger 

sequencing. The HRM method also showed no significant difference when compared to 

Sanger sequencing via statistical analysis. 
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5.3 Core Findings: Validation of multiple pharmacogenetic markers presence 

by NGS 
 

5.3.1 NGS foundation  
 

The human leukocyte antigen (HLA) region on the chromosome 6p21 comprising six classical 

polymorphic HLA genes and at least 132 protein coding genes plays important roles in 

regulation of immune system as well as fundamental molecular and cellular processes 

(Shiina et al., 2009). The completion of a continuous 3.6 Mb of HLA genomic sequence 

together with annotation of 224 genes, was first reported by The MHC Sequencing 

Consortium in 1999 (The MHC Sequencing Consortium, 1999). In addition, the MHC 

Haplotype Project conducted by the Sanger Institute provided genomic sequences and gene 

annotation of eight different HLA haplotypes, which were registered in the UCSC hg19 and 

NCBI GRCh37 reference assembly (Stewart et al., 2004; Traherne et al., 2006). This 3.6 Mb 

segment occupies only 0.13% of the human genome but is associated with more than 100 

different diseases, mostly autoimmune diseases such as type I diabetes, rheumatoid 

arthritis, psoriasis, and atopic asthma. Recently, HLA-B genes attracted special attentions, 

because specific alleles of HLA genes are strongly associated with drug hypersensitivity 

induced by specific drugs. For better understanding of disease causality and drug 

hypersensitivity, NGS has been used to completely decode these HLA-B genes (Hosomichi et 

al., 2013). 

The NGS method was initially included in this study to further validate the HRM method as 

the Sanger sequencing method leaves gaps, which cannot be resolved in the results. 

However, the slow sample collection has greatly interfered with the NGS timeline and not 

enough allopurinol-induced ADRs/SCARs samples were collected on time for the NGS run in 

2017. Only 5 samples with SCARs/ADRs were available for the NGS run, along with the 

positive control used for HRM screening methods. The initial plan was to include 48 gout 

samples with ADRs/SCARs, along with 48 healthy volunteers, matching in age, gender and 

ethnicity. This would enable us to delve deeper into the link between the HLA-B*58:01 allele 

in Malaysia and the different ethnicities. The extent of HLA-B*58:01’s involvement in a wide 

range of different ADRs/SCARs would be studied in depth. NGS would thus allow us to 

confirm if the HLA-B*58:01 allele has a significant role in the multi-ethnic Malaysian 
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population. The multiple pharmacogenetic markers theory would also be explored via NGS 

as it covers the full HLA-B region of around 4000bp. The association of any other strong HLA-

B alleles will thus be seen and compared to the HLA-B*58:01 allele. However, the reagents 

had to be used due to their close expiry date and all the machines and equipment were 

booked in UMBI laboratory in HUKM hospital.  

Furthermore, as shown by the Sanger sequencing raw data (Appendix H), the full 4000bp 

wasn’t sequenced properly due to high polymorphism and presence of secondary and 

tertiary structures which makes the sequence difficult to decipher by Sanger sequencing 

(Ronaghi et al., 1999). Sanger sequencing is known to have disadvantages when faced with 

the complex HLA-B alleles, such as incomplete sequencing, limitations in resolution, 

ambiguous HLA alleles called by typing and haplotype phase issues (Erlich, 2012; Shiina et 

al., 2012). The presence of SNPs and indels which are closely associated and found in HLA-B 

alleles, further made the Sanger sequencing process difficult (Longman-Jacobsen et al., 

2003). However, the HLA-B primers used were used and validated, hence showing its 

accuracy and specificity (Hosomichi et al., 2013). Hosomichi et al. used long-range PCR to 

amplify six HLA genes (HLA-A, -C, -B, DRB1, -DQB1, and –DPB1) followed by indexed 

multiplex NGS with the Illumina MiSeq sequencer. Authors, assigned up to 8-digit HLA allele 

numbers to their results, regardless of whether the alleles are rare or novel, resulting in high 

resolution HLA typing and new allele detection (Hosomichi et al., 2013). Hence, by using the 

same primers and platform used for NGS in this study, the variables and errors are 

minimized. The search for NGS papers in Malaysia yielded no specific NGS papers, but other 

HLA related studies with different typing method. Hence, this is the first NGS study, to our 

knowledge, done on a Malaysian cohort to further investigate the role of HLA-B alleles.  

5.3.2 NGS method evaluation 
 

The first set of crucial results for the NGS run was the sequencing performance on the 

MiSeq system, that is the data quality and total data output and yield. Numerous factors 

affect these results, such as proper preparation, quantification, denaturation and dilution of 

libraries, along with clonal clusters’ density, loading concentration and sequencing run 

parameters (Ravi et al., 2018). All those values were checked and validated to be of good 

quality by an NGS analysis expert from UMBI and compared to a full set of successful results 
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published by a similar NGS run (Ravi et al., 2018). The Qscore or Q30 value was used as a 

quality control and shows if 99.9% of the bases are correct for the NGS done. Most Illumina 

runs will generate >70-80% Q30 data and this NGS run had a value of 91.79% (shown in 

Table 4.24), which was considered a very good Q30 value, along with very good quality of 

data generated. Appendix H shows the very good Fast Q scores of 38-40 for all samples and 

high percentages mapped to the human genome. A total of 623 HLA-B related SNPs hits, all 

mapped to chromosome 6, were found from this NGS run on the 96 samples. Figure 4.7 

shows results of 3 graphs for QC check, where graphs A and B both showed a good 

clustering of data without any sudden drop or erratic data. Graph C showed the optimal 

density range with the density box plots close together and a good cluster %PF value of 

83.41% ± 5.17. These three graphs further match the set of successful MiSeq sequencing run 

results, along with the similar graphs in the Sequencing Analysis Viewer (SAV) software used 

(Ravi et al., 2018). Hence all the factors that could possibly affect the results were minimized 

and a good quality NGS library was obtained, as validated by literature and a 

bioinformatics/NGS expert in UMBI (Ravi et al., 2018). The MiSeq run took only 12 hours to 

complete for the 96 samples NGS, compared to the 5 day turnaround of typing for five 

clinical samples in a clinical setting by another study using the same Illumina MiSeq platform 

(Wang et al., 2012). Moreover these NGS results were analysed by the specific SNP numbers 

obtained for each sample in dbSNP in NCBI in order to get a specific DNA sequence (FASTA 

format), along with the different base change possible. The obtained FASTA sequence was 

copied into the Nucleotide Similarity Search from NCBI and compared to 2 databases; 

IMGT/HLA (cds) and IMGT/HLA (genomic). All the possible HLA-B hit combinations were 

entered and the results were compiled with the HLA alleles with the highest presence in 

each sample (shown in Table 4.25), hence explaining the numerous HLA hits shown. All the 

SNPs numbers obtained were compared to the dbSNP database throughout 2017 to 2019, 

so that new SNPs entered in the database will be counted and compared too. Wang et al. 

compared their results to IMGT/HLA database in 2011, where of 6,398 cDNA reference 

sequences for HLA-A, -B, -C, and -DRB1 genes in the IMGT-HLA database, only 375 (5.8%) of 

them had genomic sequences (Wang et al., 2012). We had the advantage of having more 

HLA alleles to compare these results to, with a total of 18,500 Class 1 alleles and 7000 Class 

2 alleles upto the year 2019 (IMGT/HLA, EMBL-EBI). Other NGS studies focused on exons’ 

amplifications, mostly exons 2-4, and showed a limited number of HLA-B alleles identified 
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(Bentley et al., 2009; Wang et al., 2012). Although an exon based strategy will resolve many 

ambiguities, by way of the clonal sequence obtained, it will still produce ambiguities due to 

the incomplete HLA gene sequencing (Lind et al., 2010). Non-coding regions are also known 

to have an impact on gene regulation, mRNA splicing (Hosomichi et al., 2013).  Hence, 

results will not portray the full complexity of the introns and exons working together to 

make functional HLA-B alleles. In this study, we amplified the full HLA-B gene (~4000bp) and 

had HLA-B introns and HLA-B exons identified, providing a wider range of HLA-B hits. 



349 
 

5.3.3 NGS on allopurinol-induced SCARs samples from gout cohort. 
 

The 6 gout samples sent for NGS in 2017, were the only ones available with the more severe 

ADRs/SCARs. The NGS results for the 6 gout samples show similar results to the sanger 

sequencing results, where the SNPs identified on samples showed numerous genetic 

markers and not just the expected HLA-B*58:01. Only a few South East Asian NGS studies 

were found, namely, on the Polynesian people (Ton et al., 2018) and Vietnamese people (Do 

et al., 2020), while a Chinese Mongolian population (Wang et al., 2016) was investigated by 

polymerase chain reaction–sequence-based typing (PCR-SBT) and cloning. These studies all 

show ancestral links and the presence of common ethnic groups compared to the Malaysian 

population and was thus used as comparison.  

The HLA-B*56 allele, with its numerous variants, had the highest hit number from 10 

different SNPs in the gout patients. Presence of numerous HLA-B*56 alleles, such as HLA-

B*56:01:01 and HLA-B*56:02:01, was shown in another study done on Polynesian people 

(Ton et al., 2018). This is further validated by the fact that here is a clear ancestral link 

proven between Malaysians and Polynesians, hence showing the appearance of a possible 

new pharmacogenetic marker, that is, HLA-B*56:01 (Chambers & Edinur, 2013). Half of the 

samples (HLAG12, HLAG19,HLAG28)  showed presence of the HLA-B*58:01 alleles and 

multiple other HLA-B*58 alleles, including HLA-B*58:02. Three samples (HLAG12, HLAG19, 

HLAG28) had HLA-B*58:01, HLA-B*57:01 and HLA-B*40 alleles, showing presence of two 

previously verified pharmacogenetic markers together. Heterozygous alleles identified were 

B*58:01/B*57:01, B*58:01/B*40, B*48/B*48:01 and B*58/39.  The Polynesian study 

showed HLA-B*40:01:01 (28.95%) as the most common allele, supporting these results. 

HLA-B*57:01 was also shown in Polynesian people, but interestingly, there were no HLA-

B*58:01 observed (Ton et al., 2018). The Chinese Mongolian study showed presence of 

similar HLA-B alleles, namely, B*40:01,B*40:02, B*40:06, B*56:01,B*56:03, B*57:01 and 

B*58:01 (Wang et al., 2016). The Vietnamese study showed presence of HLA-B*58:01:01 

and HLA-B*40:01:02 only (Do et al., 2020).  Thus, even with a small samples size of 6 gout 

samples, the HLA-B*58:01’s link to gout in Malaysians was further cemented, along with the 

presence of other common alleles seen in South East Asian populations too (HLA-B*57:01, 

HLA-B*56 alleles and HLA-B*40 alleles). Unfortunately, the positive control showed few 
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SNPs hits compared to the other gout samples, which was attributed to its minimal amount 

of DNA, stored over more than 5 years. The patient could not be tracked and contacted as 

the latter formed part the previous study too long ago.  Moreover, results were not 

completely decoded due to a high number of novel SNPs identified for each sample and no 

match were found in the global NCBI dbSNP database or IMGT/HLA database. Thus, further 

studies are needed to link these novel SNPs to HLA-B alleles.  

When this set of 6 NGS results were compared with their respective Sanger sequencing 

results, only one sample, HLAG12, showed the presence of common alleles in both 

methods. The HLA-B*58:01 allele and other variants of the HLA-B*58 alleles, like HLA-

B*58:02 were commonly present in the sample. Even more intriguing, is the fact that 

sample HLAG12 had only allopurinol-induced vasculitis rash as ADRs, confirming the link of 

the HLA-B*58:01 allelle and milder cADRs in Malaysian patients. Combining the Sanger 

sequencing results and NGS results, further shows the presence of HLA-B*58:01 confirmed 

by one of these methods, in the positive control and all the other 5 samples with different 

allopurinol-induced ADRs/SCARs. Furthermore, sample HLAG28 showed the presence of the 

HLA-B*58:01 allele both by NGS and HRM, showing the HRM’s potential as a good screening 

method. However, the HRM method should focus on SNPs detection in order to accurately 

perform HLA typing. The various SNPs found from NGS should be used in further studies. 
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5.3.4 Single Nucleotide Polymorphisms’ role in HLA-B alleles 
 

HLA-B*58:01 was found in three single SNPs (rs11423052, rs151341211 and rs9279154) and 

no a literature search revealed no other studies with these SNPs. Thus, these SNPs might be 

Malaysian specific SNPs linked to the HLA-B*58:01 allele, which can be used in the future for 

studies. Saksit et al., 2017 showed the importance and association between three SNPs in 

chromosome 6 and allopurinol-induced SCARs in a Thai population. They showed that three 

SNPs (rs9263726, rs2734583, and rs3099844) were significantly associated with allopurinol-

induced SCARs but with a lower degree of association when compared with the HLA-

B*58:01 allele. The sensitivity, specificity, PPV, and NPV of these SNPs were comparable to 

those of the HLA-B*58:01 allele (Saskit et al., 2017). These three SNPs were not found in this 

NGS run, again showing the proof of Malaysian specific SNPs found.  

 

5.3.5 Conclusion  
 

Hence, to conclude the third section of discussion, the NGS method could not validate the 

HRM method and sanger sequencing results, due to limited sample size. NGS should be run 

again on a proper cohort with a set number of allopurinol-induced SCARs patients. The 

target region could also be decreased for future studies, from the whole HLA-B region to a 

few exons, in order to obtain more specific results. 
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5.4 Limitations of study 
 

Numerous unexpected limitations and hurdles were experienced over the three years of this 

research. The most significant limitations experienced were the slow sample collection, lack 

of proper SCARs classification in hospitals, primer specificity, HLA-B*58:01 high 

polymorphism, low resolution of the Illumina platform used, time constraints and ending of 

the grant funds 2 years after the start of the study.  

Slow and unexpected sample collection in HUKM was observed during the first year of 

collection and prompted us to immediately apply for sample collection in a second hospital 

in Putrajaya. The ethics approval took another year and collection started in Hospital 

Putrajaya in 2017. Patients were also recycled and came to the hospital every 3-6 months, 

again limiting samples collection. Numerous obstacles were experienced in HUKM, starting 

with the manual screening and reading of thick paper-based medical record files for each 

patients. Patients had to be screened and selected manually daily, followed by their transfer 

to the doctor affiliated with our study. There was a limit for the number of patients the 

designated doctor would take and other doctors in the department refused to help with the 

collection due to their busy schedules. The doctor in charge encountered several problems 

in blood taking as he has not been practicing blood taking for a long time. This led to the loss 

of several patients, as no blood could be withdrawn even after three jabs. The designated 

blood taking place in the rheumatology department was not willing to help and participate 

in our study. HUKM had a more reclusive and strict work environment compared to Hospital 

Putrajaya (HP). Sample collection in HP was smoother and faster as their whole system was 

computerized and the whole department took part in blood sample collection. Medical 

records of gout patients were already categorized and easily accessed and screened for 

allopurinol use daily. No patients were lost in HP as the nurses were experienced and 

collected blood swiftly on the first jab itself. The whole collection process was more 

organized in HP and around 65 blood samples were collected in 6 months, compared to 80 

patients from HUKM collected throughout 3 years. Sample collection was an unexpected 

variable, completely out of our control, but we managed to collect enough samples due to 

timely the addition of a second hospital.  
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The overall slow samples collection limited the access to more allopurinol-induced 

ADRs/SCARs cases and only 28 samples could be collected over 3 years. Even though the 

original calculated sample size of 145 gout patients and 145 healthy volunteers were 

reached, it was not significant enough in the end due to the novelty of this research in 

Malaysia. Moreover, the original plan of including all the allopurinol-induced ADRs/SCARs 

cases in the NGS run couldn’t be done as only 5 ADRs/SCARs cases were available in 2017, in 

time for the NGS run. This would have allowed a stronger and more significant research on 

HLA-B*58:01’s role in gout patients. Moreover, more HLA-B alleles could have been 

identified to further validate the multiple pharmacogenetic markers concept.  

The second significant limitation was the lack of proper SCARs classification seen in both 

hospitals. This led to a lot of cases being labelled haphazardly by numerous doctors and led 

to an underestimation of ADRs/SCARs impact in this whole study (Bastuji-Garin et al., 2000). 

Recording other data such as allergic reactions, other medications taken by patients and 

comorbidities was again very tedious in HUKM. A form needs to be filled and submitted to 

the archive section, followed by around 2 weeks for record withdrawal. A maximum of 20 

records can be requested in one go and all reading must be done in the archive section 

according to HUKM’s rules. Multiple medical records had to be requested more than three 

times due to the archive officers not finding them. Reading all the medical records 

comprising of around 30 pages to more than 100 pages took quite a while and the poor 

readability of the several doctors’ handwriting didn’t help. Accessing medical records was 

faster in HP as everything was computerized in one location and took only one day. 

Another significant limitation was the ending of the grant fund 2 years after the start of the 

research. All the NGS reagents had to be bought and ordered quicker and thus we couldn’t 

wait for more allopurinol-induced ADRs/SCARs cases and had to run it immediately in the 

second year of the research itself. More Sanger sequencing couldn’t be performed on a 

bigger sample size due to limited time and limited funds. The first batch of 28 ADRs/SCARs 

samples couldn’t be matched with healthy volunteers due to the time constraint and only 

14 samples were sent for Sanger sequencing in the end. This prevents proper matching of 

both cohorts in terms of age, gender and ethnicity. The fourth limitation was that the only 

one positive control was available due to the novelty of this study in Malaysia in 2014 to 

2015. Only one HLA-B allele was known as the HLA-B*58:01 allele for the positive control, 
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with the other allele remaining unknown. Moreover, the patient couldn’t be contacted for 

more blood, in order to get more DNA for analysis. We had to clone the positive control and 

use this single control throughout the study. The heterozygous nature of the positive control 

was discovered only after a year when the HRM method started. Thus, we had no choice but 

to continue using this positive control for the full HRM screening as slow sample collection 

also prevented us from collecting a sample with SCARs for a long time. Hence, the positive 

control’s heterozygous nature further increased variations in the HRM screening method we 

developed (Gundry et al., 2003; Montgomery et al., 2007). 

Primer specificity and high polymorphism in HLA-B*58:01 were significant limitations which 

were discovered only in the middle to end of this research. By using the common method of 

exon 2 and 3 amplification in literature, this research could not attain the same results as 

other studies due to several limitations. The novelty of the HLA-B*58:01 study in 2014 to 

2015 when this research started also acted as a limiting factor, where benchmarks were not 

available. Both exon 2 and 3 were sequenced, however gaps and ambiguity were still seen in 

sanger sequencing, due to the high polymorphism in the HLA-B*58:01 allele. 

The fifth limitation was the lower resolution of the Illumina platform used for the HRM 

method (Herrmann et al., 2006). This was only noticed halfway into the research, when no 

samples were matching the positive control’s HRM melt curve at all and when Sanger 

sequencing was performed when enough samples were collected. Moreover, this was the 

only real-time PCR machine with the HRM function in the University of Nottingham and 

another platform couldn’t be accessed to improve the results’ resolution. Hence, all the 

aforementioned factors contributed to the low sensitivity and specificity of the HRM 

method (Herrmann et al., 2006). The method’s full potential couldn’t be revealed when 

compared to literature.  
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CHAPTER 6: FINAL CONCLUSION AND 

FUTURE WORK 
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6.1 Final conclusion 
 

This whole research focused on the novel study of HLA-B*58:01 allele’s role in allopurinol-

induced SCARs in Malaysia, by developing a specific HRM method to detect the allele in gout 

patients and healthy volunteers. The Sanger sequencing and NGS methods were used to 

validate the HRM method and further delve into the complexity of the HLA-B alleles’ role in 

Malaysians. The newer theory of the presence of numerous HLA-B alleles as 

pharmacogenetic markers compared to the use of a single allele in HLA-drug-SCAR 

associations was investigated in this research. Therefore, this thesis and research as a whole 

tackled all the important principles of the pharmacogenomics field in a Malaysian setting. 

A hypothesis of this research was to show that the HRM method is accurate, sensitive and 

specific enough to detect the the HLA-B*58:01 allele. This was shown only to a small extent, 

due to the presence of significant limiting factors. The foundation of the HRM method, that 

is the primer design, PCR and positive control cloning, was developed to the best of our 

abilities. However, the specificity of the designed primers were still lacking, due to the high 

level of polymorphisms seen in the HLA-B gene. Specific primers for exon 2 and 3 of the 

HLA-B*58:01 allele were developed and checked by Sanger sequencing. Sanger sequencing 

showed gaps in the results, hence giving incomplete results. The lacking primer specificity 

was again proven by the large number of HLA-A, HLA-B and HLA-C alleles seen in sanger 

sequencing results. The HRM method was also fully developed based on literature, but the 

method’s strength could not be fully exploited. The limiting factors affecting the latter were 

the lack in primer specificity, highly polymorphic HLA-B*58:01 region, low resolution of the 

Eco Real-Time Illumina platform, heterozygous nature of the positive control, slow sample 

collection and the subsequent low number of allopurinol-induced ADRs/SCARs cases. The 

HRM method showed a sensitivity of 0%, specificity of 57%, PPV of 0% and NPV of 57%. One 

main contributing factor to the 0% sensitivity and PPV was the heterozygous nature of the 

positive control. By using only close curves within the -20 to 20 threshold, HRM singled out 8 

possible positive results, compared to the 9 HLA-B*58:01 positive samples detected by 

Sanger sequencing. Hence, the HRM method shows great potential and can be further 

improved in the future, with the significant findings mentioned below. 
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The first hypothesis of this research stated that the HLA-B*58:01 allele is strongly linked to 

allopurinol-induced SCARs in Malaysian gout patients. HLA-B*58:01 was seen as a strong risk 

factor and genetic marker in a wide range of allopurinol-induced hypersensitivities, not 

limiting it to SCARs, thus validating the first and third hypothesis. HLA-B*58:01:01 allele 

presence was confirmed in allopurinol-induced SJS, itchiness, vasculitis rash, exfoliative 

dermatitis and DRESS syndrome. Sanger sequencing showed the presence of HLA-B*58:02 

and HLA-B*35:01:01, both with a frequency of 32.1%, in 100% of all the HLA-B*58:01 

positive ADRs/SCARs samples. Moreover, healthy volunteer samples showed high 

frequencies of 28.5% for both the HLA-B*58:01:01 and HLA-B*35:01:01 alleles. The 

B*58:01:01 and HLA-B*35:01:01 alleles are thus identified as possible pharmacogenetic 

markers, linked to allopurinol-induced ADRs/SCARs in gout patients and in healthy 

volunteers in Malaysia. Moreover, HLA-B*58:02 shows the possibility of being a susceptible 

allele too, which in turn increased the chances of allopurinol-induced SCARs. Due to the 

novelty of this HLA-B*58:01 PGx study in Malaysia, a greater sample size will be needed in 

the future to further validate this.   Moreover, healthy volunteer samples showed high 

frequencies of 28.5% for HLA-B*15:02, HLA-B*15:21, and HLA-B*53:01:01 alleles via Sanger 

sequencing, showing the presence of more pharmacogenetic markers in Malaysians.  

The HLA-B*58:01:01 allele, along with other HLA-B*58 variants, had frequencies of 50.0% 

each, in the NGS cohort, showing a greater frequency and involvement than originally 

expected. However, the small sample size needs to be significantly increased to prove this 

theory. This was further shown in the Sanger sequencing results with HLA-B*58:01:01 

frequencies of 32.1% in the ADRs/SCARs samples and 28.57% in the healthy volunteer 

samples. Matching the Sanger sequencing results to the NGS results further revealed 

common HLA-B alleles with high frequencies (17.9% to 36.5%), namely, HLA-B*58:01:01, 

HLA-B*58 variants, HLA-B*15 variants and HLA-B*44 variants. Hence, this shows the 

possible presence of multiple pharmacogenetic markers again, by both methods.  

Three novel SNPs were identified linked to HLA-B*58:01 via NGS (rs11423052, rs151341211 

and rs9279154) and they showed high possibilities of being Malaysian specific due to their 

absence from literature. These three SNPs can be used in the future to detect the HLA-

B*58:01 allele in Malaysians.  
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In conclusion, all the hypotheses set at the start of this research were investigated to the 

best of our capabilities, with all the available resources and limitations experienced. All the 

specific objectives and aims set initially were also met to a certain extent throughout the 

project. A new theory was investigated throughout this research. Many years ago, Freud 

defined neurosis as ‘the inability to tolerate ambiguity’, and it seems that this is the best 

principle to adhere to for the future of the HLA-omics field. 
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6.2 Future work 
 

Future studies should consider hospitals with a fully computerized system, the number of 

doctors willing to participate in the study and the availability of an open designated blood 

taking place. A nationwide study should be carried out in Malaysia, with all hospitals 

reporting their ADRs/SCARs along with the offending drugs. Proper SCARs classification must 

be implemented in all Malaysian hospitals (SCORETEN scale), along with the propagation of 

higher awareness of the importance of such cases. The creation of a pharmacogenomic 

passport, as previously done in the Netherlands (Van der Wouden et al., 2019), will then be 

possible, where patients have their full HLA genes listed in a panel for pre-emptive 

pharmacogenetic testing. Numerous controls must be found and included in the HRM 

screening, namely a sample homozygous for the HLA-B*58:01 allele and one heterozygous 

for the allele, thus allowing easier and more accurate HLA-B*58:01 detection (Montgomery 

et al., 2007). More than one HRM platform must be used to test for the presence of the 

HLA-B*58:01 allele or a HRM specific machine must be used, as machine resolution is a big 

influencing factor on results (Herrmann et al., 2006). This will help find the true potential of 

the HRM method and show a high sensitivity and specificity a shown in literature.  

In the future, the whole gout cohort sample must be sent for Sanger sequencing in order to 

find the true strength of association between ethnicities in a Malaysian gout population and 

the HLA-B*58:01 allele. More studies are needed to check which HLA-B alleles are involved 

in double allergy to allopurinol and febuxostat. Future screening systems need to focus 

more on amplification of SNPs instead of exon 2 and 3 for more specific results (Saskit et al., 

2017). The three novel HLA-B*58:01 linked SNPs (rs11423052, rs151341211 and rs9279154) 

discovered in this study can be investigated in the Malaysian population. This SNP-based 

focus will also help to upgrade the HRM method for HLA-B alleles detection. HRM method 

needs to be tested on multiple platforms and on more HRM-specific platforms for better 

resolution (Herrmann et al., 2006; He et al., 2016).  

The role of HLA-B*35:01:01 and HLA-B*58:02 must be confirmed in Malaysian gout patients 

as possible pharmacogenetic markers in ADRs/SCARs. Moreover, protective HLA alleles must 

also be identified in Malaysians. The peptide-binding altered repertoire mechanism needs to 

be investigated, as it contributes to the presence of protective HLA alleles (Mori et al., 
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2014). HLA molecules with a more restricted peptide-binding repertoire, such as HLA-B27 

and HLA-B57, and in this case, HLA-B35:05, are more likely to be protective. The 

crystallography method and molecular-docking studies need to be used to see which 

residues are making the whole difference. The newly found altered TCR-repertoire 

mechanism of action must also be investigated in all HLA-B alleles. Linkage disequilibrium 

between all those identified HLA-B genetic markers must be investigated globally (Chang et 

al., 2020). The NGS method can be used for haplotype calculation, docking modelling of the 

alleles, 3D protein docking, statistical analysis, linkage disequilibrium present and 

homozygotes and heterozygotes identification (Chang et al., 2020). HLA-B alleles and their 

link to diseases are shown to depend on numerous changing factors, such as, mutations, 

evolution, selective advantage, protective/susceptible alleles and geographic location, which 

all need to be investigated (Chang et al., 2020). 

The complexity of HLA alleles has been simplified to a search for associations between one 

HLA allele and one drug linked to SCARs in a specific disease. However, this hunt for stand-

alone effective genetic markers shifted the focus from the big picture for years, that is, the 

complexity and interconnection of the whole HLA system in the human immune response. 

Now that we have a list of multiple, population-specific pharmacogenetic markers, it is time 

to combine them all together and investigate their roles as an interconnected, fool-proof 

barrier in the immune system. This new theory of the presence of multiple pharmacogenetic 

markers in populations need to be tested out via reviews, NGS studies and meta-analyses in 

the future. The strength of association of the HLA-B*58:01, HLA-B*15:02, HLA-B*57:01 and 

numerous other validated markers must be reassessed globally (Wu et al., 2016; Then & 

Raymond 2019; Chang et al., 2020). The strength of association of numerous variants need 

to be assessed and not only the first variant, as the latter are able to bind to the drug 

molecules directly, or grooves not participating in antigen-presentations (Jaruthamsophon 

et al., 2017; Pompeu et al., 2012).  

 

 

“Our imagination is the only limit to what we can hope to have in the future.” 

-Charles Kettering
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APPENDICES 
 

Appendix A- Consent form for volunteers  

PATIENT INFORMATION SHEET 

 

Title:  

Developing a High Molecular Melting (HRM) method for detection of the HLA-B*5801 allele to 

prevent allopurinol-induced Steven-Johnson Syndrome. 

 

Purpose:  

To develop the method to detect the allele HLA-B*5801 in patients before giving allopurinol to 

prevent Steven Johnson Syndrome.  

 

Introduction:  

Allopurinol is a drug that decreases the production of uric acid. It is most commonly used in the 

treatment of gout and high levels of uric acid. It is also used to prevent or treat uric acid kidney stones 

and chronic kidney diseases. However, a small number of patients carry the risk of getting a skin 

hypersensitivity reaction that is both painful and dangerous called Steven Johnson Syndrome (SJS) 

and toxic epidermal necrolysis (TEN) if they take allopurinol. Research has shown that patients 

carrying the HLA-B*5801 gene are more at risk of getting SJS/TEN caused by allopurinol. This 

gene/allele is more common among Asian people, especially people of Korean, Han Chinese and Thai 

descent. Hence, individuals from these populations might have a higher risk of getting SJS/TEN 

caused by allopurinol.  

In order to reduce the risk of patients getting the hypersensitivity reaction, screening should be carried 

out before prescribing allopurinol. By developing a rapid method to detect the HLA-B*5801 gene, 

patients testing positive can be identified and alternatives to allopurinol given. Therefore, the project 

aims to develop and optimize a method using High Resolution Melting (HRM) which is based on 

PCR to detect the HLA-B*5801 alelle. This involves collection of blood from consented participants 

to obtain the DNA for the method optimization. The participants will be informed of the nature of the 

study, and the confidentiality of the participants will be maintained. 

 

What will be done? 

5 to 10 ml of blood will be taken like that which is carried out during routine treatment. No additional 

procedure will be carried out. The sample will be processed and analyzed in a lab. The samples will 

be coded and no personal information will be attached to the samples. Any excess specimens would 



390 
 

also be stored in the BIOBANK PPUKM-UMBI for future use. Future use of these samples for other 

studies would be anonymized. 

 

Benefits of the study: 

The screening method that will be developed will help doctor identify whether the patient carries the 

HLA-B*5801 allele and avoid giving allopurinol to prevent skin hypersensitivity reaction caused by 

allopurinol. 

. 

Risk: 

No additional risks apart from that which is involved in routine blood taking procedures as no 

additional procedures are carried out.  

 

Data handling/ Confidentiality:  

The data and results of the study will be reported in a collected manner with no reference to a specific 

individual. Hence the results of the study will be kept as private and confidential and only you and the 

researcher will be allowed to know the results of the test. Personal information will not be attached to 

the sample.  

 

Do I need to take part?  

Your participation in this study is entirely voluntary. If you agree, the study will not affect your 

relationship with your doctor and you do not have to give any reasons for participating. You are also 

free to withdraw from the study without giving a reason at any point of time.  

 

What if I am tested positive? 

Patients who are tested positive in the study will be notified so that precautions can be taken to 

prevent Steven Johnson Syndrome caused by allopurinol use.  

 

Payment/Reimbursement: 

There will no payment charged or paid to you for participating in this study. In the event that this 

study results in the development of any marketable products, you will have no ownership interest in 

the product and no right to share in any profits from its commercialization whatever. 

If you have any questions, please contact: Prof. Dr. Mohd Shahrir Bin Mohamed Said: 

drobiwan@gmail.com, Dr Then Sue-Mian: then.sue-mian@nottingham.edu.my 

CONFIDENTAL 

 

CONSENT FORM FOR ADULT PATIENT 

mailto:drobiwan@gmail.com
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Title of project:  

Developing a method for screening of HLA-B*5801 allele to prevent hypersensitivity reaction caused 

by allopurinol.  

 

Consent: 

I have read the information on the research project stated above and have also been given the 

explanation by a doctor about the purpose of this document. I understand the objectives of keeping my 

blood for storage and research purpose. I also understand that I retained the absolute right over the 

specimens and may withdraw at any time. I also have the right to know about the research conducted 

on my blood including information on the results of the research. 

 

I_________________________________ IC number:  ______________________________ 

* agree / disagree for my blood be kept and used for medical research including genetic research. 

I *would like to know / don’t want to know the result of the genetic analysis or other research which 

will be performed on the samples. 

 

 Signature: _____________________  Date: ___________________ 

 

Witness       Medical officer 

Name  :      Name  : 

IC  :      IC  : 

Signature :      Signature : 

Date  :      Date  : 

 

CONFIDENTAL 

 

CONSENT FORM FOR CHILDREN PATIENT  

 

Title of project: 

Developing a method for screening of HLA-B*5801 allele to prevent hypersensitivity reaction caused 

by allopurinol. 

 

Consent: 
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I have read the information on the research project stated above and have also been given the 

explanation by a doctor about the purpose of this document. I understand the objectives of keeping my 

blood for storage and research purpose. I also understand that I retained the absolute right over the 

specimens and may withdraw at any time. I also have the right to know about the research conducted 

on our child blood including information on the results of the research. 

 

I_________________________________ IC number: ______________________________ 

  * agree / disagree for my child blood be kept and used for medical research including genetic 

research. 

I *would like to know / don’t want to know the result of the genetic analysis or other research which 

will be performed on the samples. 

 

 Signature: _____________________   Date: ___________________ 

 

Witness       Medical officer 

Name  :      Name  : 

IC  :      IC  : 

Signature :      Signature : 

Date  :      Date  : 

 

 

 

 

 

 

 

CONFIDENTAL 

QUESTIONAIRE 

 

Blood sample collection for developing the method for detecting the HLA-B*5801 gene in 

patients to prevent allopurinol associated hypersensitivity reaction. 

 

 

Investigators: Dr Then Sue-Mian & Prof. Dr. Mohd Shahrir Bin Mohamed Said: 

 

The participant should complete the whole of this sheet himself/herself. Please cross out as necessary: 

• Have you read and understood the participant information sheet?  YES/NO 
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• Have you had the opportunity to ask questions and discuss the study?  

 

YES/NO 

• Have all the questions been answered satisfactorily?  

 

YES/NO 

• Have you received enough information about the study?  

 

YES/NO 

• Do you understand that you are free to withdraw from the study: 

 

 

- at any time?  

 

YES/NO 

- without having to give a reason?  

 

YES/NO 

• Do you agree to take part in the study?  

 

YES/NO 

 

“This study has been explained to me to my satisfaction, and I agree to take part. I understand 

that I am free to at any time.” 

Signature of the Participant:        Date:    

Name (in block capitals):         

 

I have explained the study to the above participant and he/she has agreed to take part. 

Signature of the Researcher:        Date:    

Name (in block capitals):        
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Appendix B- Full 290 samples details 

 

Table 1- Full details for the 80 Pusat Perubatan Universiti Kebangsaan Malaysia (PPUKM) patients, labelled as HLAG1 to HLAG80. Abbreviations were used 

for Allopurinol (ALLO), Febuxostat (FEB) and Colchicine (CLC) in the drugs column. 

HLA Code Concentration 
(ng/ µL) 

Purity (260/280 
nm) 

Age Race Gender Drugs Hypersensitivity observed  

HLAG 1 359.1 1.94 60 Indian Male ALLO No ADRs noted  

HLAG 2 1564.1 1.91 75 Malay Male ALLO No ADRs noted  

HLAG 3 223.5 1.93 74 Malay Male ALLO No ADRs noted  

HLAG 4 640 1.86 26 Malay Male ALLO No ADRs noted  

HLAG 5 608.4 1.86 61 Malay Male ALLO No ADRs noted  

HLAG 6 625.9 1.91 71 Malay Male ALLO No ADRs noted  

HLAG 7 307.2 1.9 65 Malay Male ALLO No ADRs noted  

HLAG 8 1452.1 1.86 46 Malay Male ALLO No ADRs noted  

HLAG 9 1868.8 1.86 69 Chinese Male ALLO No ADRs noted  

HLAG 10 1269.5 1.91 28 Malay Male ALLO No ADRs noted  

HLAG 11 759.8 1.94 73 Chinese Male ALLO No ADRs noted  

HLAG 12 1188.4 1.92 81 Malay Male ALLO, FEB Vasculitis rash 

HLAG 13 2858.1 1.89 63 Malay Male ALLO, FEB mild allergy- itchiness  

HLAG 14 1782.6 1.86 65 Chinese Male ALLO No ADRs noted  

HLAG 15 1334.4 1.9 69 Malay Male ALLO No ADRs noted  

HLAG 16 2709.8 1.87 69 Chinese Female ALLO No ADRs noted  

HLAG 17 3851.5 1.89 55 Malay Female ALLO No ADRs noted  

HLAG 18 1263.1 1.92 45 Malay Male ALLO, FEB mild allergy- rash 

HLAG 19 848.8 1.9 32 Malay Male ALLO, FEB mild allergy- itchiness  

HLAG 20 2016.7 1.89 46 Malay Male ALLO No ADRs noted  
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HLAG 21 1571.6 1.92 40 Malay Male ALLO No ADRs noted  

HLAG 22 1380.7 1.04 54 Malay Male ALLO No ADRs noted  

HLAG 23 1253.6 1.94 55 Chinese Male ALLO No ADRs noted  

HLAG 24 2257.9 1.91 43 Malay Male ALLO No ADRs noted  

HLAG 25 2408.5 1.91 36 Malay Male ALLO No ADRs noted  

HLAG 26 1333 1.91 32 Malay Male ALLO, FEB Exfoiliative dermatitis 

HLAG 27 3725.2 1.82 68 Malay Male ALLO No ADRs noted  

HLAG 28 911.4 1.94 64 Malay Female ALLO, FEB itchiness 

HLAG 29 2079.4 1.93 68 Chinese Male ALLO, FEB DRESS Syndrome 

HLAG 30 354 1.95 33 Malay Male ALLO No ADRs noted  

HLAG 31 404.6 1.97 82 Malay Male ALLO No ADRs noted  

HLAG 32 227.1 2.00 64 Malay Male ALLO No ADRs noted  

HLAG 33 3376.7 1.81 46 Chinese Male ALLO No ADRs noted  

HLAG 34 708.1 1.9 69 Chinese Male ALLO No ADRs noted  

HLAG 35 2199.8 1.81 61 Malay Male ALLO No ADRs noted  

HLAG 36 2921.2 1.88 60 Malay Male ALLO No ADRs noted  

HLAG 37 1314.1 1.94 76 Chinese Male ALLO No ADRs noted  

HLAG 38 1101.3 1.97 72 Malay Male ALLO, FEB, 
CLC 

Stevens Johnson Syndrome  

HLAG 39 3801.6 1.85 67 Others  Female ALLO, FEB Stevens Johnson Syndrome  

HLAG 40 3153.8 1.89 75 Chinese Male ALLO No ADRs noted  

HLAG 41 4365.6 1.75 38 Chinese Male ALLO No ADRs noted  

HLAG 42 4240.1 1.83 34 Malay Male ALLO No ADRs noted  

HLAG 43 251.5 1.89 69 Chinese Male ALLO No ADRs noted  

HLAG 44 3334.5 1.88 62 Malay Male ALLO No ADRs noted  

HLAG 45 1306.7 1.86 71 Chinese Female ALLO No ADRs noted  

HLAG 46 500 1.8 53 Malay Male ALLO, FEB, 
CLC 

ALLO hypersensitivity syndrome-
severe itchiness and red eye.  

HLAG 47 1395.4 1.88 73 Malay Male ALLO, CLC No ADRs noted  
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HLAG 48 1271.7 1.87 52 Malay Male ALLO, FEB, 
CLC 

Allergic to ALLO 

HLAG 49 1266.9 1.93 31 Malay Male ALLO No ADRs noted  

HLAG 50 1293.4 1.9 57 Malay Female ALLO, CLC No ADRs noted  

HLAG 51 2813.6 1.93 64 Malay  MALE ALLO No ADRs noted  

HLAG 52 1085.6 1.85 63 Malay Male ALLO No ADRs noted  

HLAG 53 970.8 1.94 73 Malay Male ALLO Rashes 

HLAG 54 3512.54 1.87 56 Chinese Male ALLO No ADRs noted  

HLAG 55 1839 1.89 33 Malay Male ALLO No ADRs noted  

HLAG56 1452.2 1.9 64 Malay Male ALLO DRESS syndrome and rash 

HLAG57 1242.03 1.92 82 Malay Male ALLO, CLC No ADRs noted  

HLAG58 1083.67 1.93 57 Malay Male ALLO, CLC No ADRs noted  

HLAG59 1625.58 1.91 39 Malay Male ALLO, CLC No ADRs noted  

HLAG60 1528.88 1.93 53 Malay Male ALLO, FEB ALLO doesn’t work, changed to FEB, 
bilateral renal calculi (renal stone) 

HLAG61 3659 1.84 56 Chinese Male ALLO, CLC No ADRs noted  

HLAG62 2807.78 1.9 75 Chinese Male ALLO, CLC No ADRs noted  

HLAG63 4055.94 1.8 59 Chinese Male ALLO, CLC No ADRs noted  

HLAG64 3598.44 1.84 66 Malay Male ALLO, FEB, 
CLC 

Allergic to allopurinol, rash 

HLAG65 2449.51 1.87 54 Chinese Male ALLO, CLC No ADRs noted  

HLAG66 1392.48 1.88 80 Malay Male ALLO, FEB Allergic to allopurinol, itchiness  

HLAG67 4473.8 1.8 61 Malay Male ALLO, CLC No ADRs noted  

HLAG68 2224.24 1.91 68 Malay Male ALLO, FEB Allergic to allopurinol, anaphylactic 
shock 

HLAG69 961.77 1.87 49 Malay Male ALLO, FEB, 
CLC 

Allergic to allopurinol 

HLAG70 1293.12 1.97 58 Malay Male ALLO No ADRs noted  

HLAG71 1555.86 1.88 55 Malay Male ALLO, CLC No ADRs noted  
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HLAG72 2095.8 1.91 35 Malay Male ALLO, CLC No ADRs noted  

HLAG 73 3567.6 1.85 76 Chinese Female ALLO, CLC No ADRs noted  

HLAG 74 2467.7 1.92 44 Malay Male ALLO, CLC No ADRs noted  

HLAG 75 2500.7 1.85 67 Malay Male ALLO, CLC No ADRs noted  

HLAG 76 2206.8 1.95 47 Malay Male ALLO, CLC No ADRs noted  

HLAG 77 2858.4 1.88 52 Malay Male ALLO, CLC No ADRs noted  

HLAG 78 2136.6 1.92 70 Malay Male ALLO, FEB  No ADRs noted  

HLAG 79 3486.2 1.89 79 Malay Male ALLO No ADRs noted  

HLAG 80 3289.8 1.8 36 Malay Male ALLO, CLC No ADRs noted  
 

Table 2- Full details for the 65 Hospital Putrajaya patients, labelled as HLAP1 to HLAP65. Abbreviations were used for Allopurinol (ALLO), Febuxostat (FEB) 

and Colchicine (CLC) in the drugs column. 

HLA code Concentration 
(ng/ µL) 

Purity 
(260/280 

nm) 

Age Race Gender Disease Drugs Hypersensitivity observed 

HLAP1 2657.0 1.82 61 Chinese Male Gout ALLO No ADRs noted. 

HLAP2 1892.5 1.81 60 Malay Male Gout ALLO Generalized rash. Undergoing 
desensitization. Allergy to allopurinol. 

HLAP3 1883.6 1.81 63 Malay Male Gout ALLO, FEB Allopurinol and febuxostat allergy, 
generalized rash and facial swelling. 

HLAP4 692.50 1.78 74 Malay Male Gout ALLO No ADRs noted. 

HLAP5 2405.5 1.90 33 Malay Male Gout ALLO No ADRs noted. 

HLAP6 2498.2 1.85 39 Malay Male Gout ALLO SJS in mouth and genitalia, skin and chest, 
ulceration in lips. 

HLAP7 3239.5 1.95 29 Malay Male Gout ALLO No ADRs noted. 

HLAP8 2757.8 1.80 60 Malay Male Gout ALLO, CLC No ADRs noted. 

HLAP9 2715.2 1.94 32 Malay Male Gout ALLO No ADRs noted. 
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HLAP10 2734.8 1.93 68 Malay Female Gout ALLO No ADRs noted. 

HLAP11 2197.7 1.87 59 Malay Male Gout ALLO No ADRs noted. 

HLAP12 2668.8 1.82 53 Indian Male Gout ALLO No ADRs noted. 

HLAP13 2532.0 1.95 50 Malay Male Gout ALLO No ADRs noted. 

HLAP14 2588.4 1.90 46 Malay Male Gout ALLO No ADRs noted. 

HLAP15 2539.8 1.90 32 Malay Male Gout ALLO, CLC No ADRs noted. 

HLAP16 3266.9 1.87 63 Chinese Male Gout ALLO, CLC No ADRs noted. 

HLAP17 1758.3 1.89 58 Malay Male Gout ALLO, CLC No ADRs noted. 

HLAP18 2163.6 1.91 27 Malay Male Gout ALLO No ADRs noted. 

HLAP19 1543.6 1.83 63 Malay Male Gout ALLO No ADRs noted. 

HLAP20 2224.8 1.80 63 Malay Male Gout ALLO No ADRs noted. 

HLAP21 1438.6 1.90 80 Malay Male Gout ALLO No ADRs noted. 

HLAP22 2291.5 1.92 54 Malay Male Gout ALLO No ADRs noted 

HLAP23 2163.8 1.88 56 Malay Male Gout ALLO No ADRs noted 

HLAP24 1888.4 1.83 29 Malay Male Gout ALLO No ADRs noted 

HLAP25 2688.3 1.82 42 Malay Male Gout ALLO, FEB Allergy to Allopurinol. Generalized skin rash. 

HLAP26 1314.1 1.94 66 Chinese Male Gout ALLO No ADRs noted 

HLAP27 1117.6 1.84 58 Malay Male Gout ALLO No ADRs noted 

HLAP28 507.50 1.80 44 Malay Male Gout ALLO No ADRs noted 

HLAP29 1399.0 1.83 65 Malay Male Gout ALLO No ADRs noted 

HLAP30 1703.3 1.80 77 Chinese Male Gout ALLO No ADRs noted 

HLAP31 1766.3 1.85 65 Malay Female Gout ALLO No ADRs noted 

HLAP32 1041.5 1.84 55 Malay Male Gout ALLO No ADRs noted 

HLAP33 1824.5 1.82 53 Malay Male Gout ALLO No ADRs noted 

HLAP34 1282.0 1.88 33 Malay Male Gout ALLO No ADRs noted 

HLAP35 1041.7 1.94 49 Malay Male Gout ALLO No ADRs noted. 

HLAP36 1653.6 1.92 70 Malay Male Gout ALLO No ADRs noted 

HLAP37 2964.5 1.86 58 Malay Male Gout ALLO Allergic to Allopurinol, generalised rash. 

HLAP38 3308.5 1.89 58 Malay Male Gout ALLO No ADRs noted 
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HLAP39 1768.9 1.80 54 Chinese Male Gout ALLO No ADRs noted 

HLAP40 2461.8 1.84 38 Malay Male Gout ALLO No ADRs noted 

HLAP41 2859.8 1.85 53 Malay Male Gout ALLO No ADRs noted 

HLAP42 2625.8 1.92 33 Malay Male Gout ALLO No ADRs noted 

HLAP43 2129.9 1.91 64 Malay Female Gout ALLO No ADRs noted 

HLAP44 2789.3 1.89 22 Malay Male Gout ALLO No ADRs noted 

HLAP45 3113.0 1.91 35 Malay Male Gout ALLO No ADRs noted 

HLAP46 2875.7 1.87 37 Malay Female Gout ALLO rash on face after 2 weeks of using 
allopurinol. 

HLAP47 2876.9 1.88 30 Chinese Male Gout ALLO No ADRs noted 

HLAP48 2879.4 1.84 68 Chinese Male Gout ALLO No ADRs noted 

HLAP49 3050.9 1.95 42 Malay Male Gout ALLO No ADRs noted 

HLAP50 2762.4 1.92 67 Malay Male Gout ALLO No ADRs noted 

HLAP51 2335.0 1.83 66 Malay Male Gout ALLO Exfoliative dermatitis and allergy to 
febuxostat 

HLAP52 2059.6 1.85 40 Malay Male Gout ALLO Allergy to Allopurinol-Transaminitis, no rash 
seen. 

HLAP53 1848.0 1.80 75 Malay Male Gout ALLO No ADRs noted 

HLAP54 2637.7 1.84 55 Malay Male Gout ALLO No ADRs noted 

HLAP55 2323.6 1.83 30 Malay Male Gout ALLO No ADRs noted 

HLAP56 3172.6 1.86 41 Malay Male Gout ALLO Allergic to allopurinol, generalised rashes 
and macular papular rash. 

HLAP57 3238.0 1.90 62 Malay Male Gout ALLO No ADRs noted 

HLAP58 3217.8 1.82 45 Malay Male Gout ALLO No ADRs noted 

HLAP59 2847.2 1.80 35 Malay Male Gout ALLO No ADRs noted 

HLAP60 2737.0 1.83 62 Chinese Male Gout ALLO Allergic to allo, generalised rashes 

HLAP61 2973.1 1.93 67 Malay Male Gout ALLO No ADRs noted 

HLAP62 2188.9 1.88 27 Malay Male Gout ALLO No ADRs noted 

HLAP63 2136.7 1.83 68 Malay Male Gout ALLO No ADRs noted 
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HLAP64 3196.3 1.86 55 Malay Male Gout ALLO Severe allergy to allopurinol, angioedema 
and swelling of the eye. 

HLAP65 3239.6 1.95 30 Malay Male Gout ALLO No ADRs noted 
 

Table 3- Full details for the 145 healthy volunteers samples from UMBI’s biobank, labelled either as N or NS, depending on their UMBI codes. 

Normal sample code Concentratio
n(ng/ µL) 

Purity 
(260/280 

nm) 

Age Race Gender 

N1 523.5 1.80 54 Malay Female 

N3 918.3 1.79 63 Malay Male 

N4 689.4 1.89 60 Malay Male 

N5 711.4 1.88 57 Malay Female 

N6 568.0 1.97 63 Malay Female 

N8 746.3 1.67 40 Malay Female 

N9 753.5 1.89 55 Malay Female 

N12 1217.4 1.89 70 Malay Female 

N11 781.4 1.86 70 Malay Male 

N16 576.8 1.79 57 Malay Female 

N17 1482.3 1.87 54 Malay Male 

N18 864.4 1.84 77 Malay Male 

N19 828.4 1.86 59 Malay Female 

N20 696.0 1.97 77 Malay Male 

N22 837.5 1.84 64 Malay Male 

N24 982.3 1.87 63 Malay Female 

N26 1041.4 1.85 53 Malay Male 

N27 548.3 1.90 55 Malay Female 

N28 395.3 1.90 63 Malay Female 
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Ns3 1040.5 1.93 72 Malay Female 

Ns4 980.5 1.80 55 Malay Male 

Ns5 317.4 1.91 40 Malay Male 

Ns6 345.7 1.83 44 Malay Female 

Ns11 570.2 1.88 43 Malay Male 

N33 400.3 1.93 34 Malay Male 

N34 1211.7 1.93 31 Malay Female 

Ns12 687.3 1.89 57 Indian Female 

Ns14 860.2 1.86 43 Chinese Female 

Ns15 530.2 1.76 57 Malay Male 

Ns17 2100.8 1.82 45 Malay Male 

Ns18 641.4 1.80 60 Malay Male 

Ns19 758.4 1.79 39 Malay Male 

Ns20 2000.0 1.89 36 Malay Male 

Ns21 2065.8 1.88 40 Malay Female 

Ns22 754.3 1.97 34 Malay Female 

Ns23 691.3 1.67 57 Malay Male 

Ns24 963.5 1.89 56 Malay Female 

Ns25 1114.0 1.89 62 Malay Female 

Ns26 2000 1.86 58 Malay Female 

Ns27 1000 1.79 63 Malay Female 

Ns28 2171.8 1.87 56 Malay Female 

Ns29 844.5 1.84 43 Malay Male 

Ns30 327.8 1.86 55 Malay Female 

Ns31 640.4 1.97 35 Malay Male 

Ns34 1264.5 1.84 34 Malay Female 

Ns35 1191.9 1.87 58 Malay Female 

Ns37 430.3 1.85 58 Malay Female 

Ns39 246.7 1.90 35 Malay Male 
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Ns40 398.6 1.90 34 Malay Male 

Ns41 495.4 1.93 45 Malay Male 

Ns42 986.9 1.80 45 Malay Female 

Ns46 259.0 1.91 55 Malay Male 

N35 1182.8 1.83 45 Malay Female 

N39 877.2 1.88 40 Malay Male 

N40 585.2 1.93 35 Malay Female 

Ns67 379.3 1.93 45 Chinese Female 

Ns68 817.2 1.89 61 Malay Female 

N43 1135.9 1.86 52 Malay Female 

Ns70 460.1 1.76 63 Malay Female 

Ns72 532.9 1.82 53 Malay Female 

Ns75 1558.4 1.80 57 Chinese Female 

N46 1264.2 1.79 40 Malay Male 

N47 2551.5 1.89 41 Malay Female 

N48 902.66 1.88 57 Chinese Male 

Ns78 456.01 1.97 73 Indian Female 

N49 495.20 1.67 34 Malay Female 

Ns79 563.6 1.89 70 Chinese Male 

Ns80 620.6 1.89 76 Chinese Female 

N50 977.3 1.86 36 Malay Male 

N51 2567.9 1.79 38 Malay Female 

N52 1222.8 1.87 42 Malay Male 

Ns81 1498.6 1.84 72 Chinese Female 

Ns92 898.6 1.86 53 Chinese Female 

Ns95 661.6 1.97 62 Chinese Male 

N53 930.3 1.84 27 Chinese Female 

N54 1500.0 1.87 27 Chinese Male 

N55 310.6 1.85 27 Chinese Male 
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N56 2000.0 1.90 27 Chinese Male 

N35 539.7 1.90 45 Malay Female 

N39 545.8 1.93 40 Malay Male 

N58 1330.3 1.80 40 Malay Female 

N59 304.1 1.91 41 Malay Female 

Ns101 707.4 1.83 67 Malay Male 

Ns298 1281.1 1.88 54 Chinese Female 

Ns104 2273.6 1.93 56 Malay Female 

Ns105 1134.0 1.93 67 Chinese Female 

Ns106 1423.0 1.89 70 Chinese Male 

Ns107 2384.5 1.86 76 Chinese Female 

Ns108 759.8 1.76 81 Chinese Female 

Ns109 862.5 1.82 79 Chinese Male 

Ns110 1296.5 1.80 69 Chinese Female 

Ns296 2669.9 1.79 40 Malay Male 

Ns300 1681.5 1.89 38 Malay Male 

Ns301 764.0 1.88 57 Malay Male 

Ns304 1922.1 1.97 76 Malay Male 

N63 1033.4 1.67 22 Malay Male 

Ns33 984.9 1.89 49 Malay Female 

Ns45 232.8 1.89 47 Malay Male 

Ns13 367.5 1.86 48 Chinese Male 

Ns299 976.5 1.79 46 Malay Male 

N2 844.9 1.87 50 Malay Female 

N13 802.7 1.84 49 Malay Female 

Ns81 847.6 1.86 49 Malay Female 

N30 590.3 1.97 50 Malay Male 

N38 258.7 1.84 48 Malay Male 

N37 479.0 1.80 48 Malay Female 
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N15 605.7 1.78 51 Malay Female 

N36 678.8 1.89 50 Malay Male 

Ns99 633.0 1.88 49 Chinese Male 

Ns32 852.9 1.98 52 Malay Female 

Ns44 566.8 1.68 52 Malay Female 

N10 1000.5 1.90 53 Malay Female 

Ns76 578.5 1.88 63 Chinese Male 

Ns103 1280.4 1.85 62 Malay Male 

Ns305 1370.3 1.78 61 Malay Male 

N29 959.1 1.87 65 Malay Female 

N25 426.3 1.83 65 Malay Male 

N62 270.3 1.87 65 Chinese Male 

Ns93 302.2 1.98 64 Chinese Male 

Ns303 255.3 1.81 63 Malay Female 

Ns71 571.1 1.87 65 Malay Male 

Ns74 759.8 1.87 65 Chinese Female 

N14 1034.5 1.91 67 Malay Female 

Ns49 1084.7 1.90 67 Chinese Male 

Ns82 834.0 1.93 66 Others Male 

Ns73 1019.6 1.80 67 Malay Female 

Ns302 961.9 1.91 66 Chinese Female 

Ns97 1478.0 1.88 68 Chinese Male 

Ns306 848.0 1.87 57 Chinese Female 

N71 398.7 1.94 26 Malay Female 

N70 549.9 1.93 26 Malay Female 

N69 543.9 1.89 43 Malay Male 

N68 668.9 1.84 27 Malay Male 

N67 979.4 1.77 27 Malay Female 

N66 768.6 1.81 30 Malay Female 
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N76 835.0 1.80 1 Others Female 

N64 686.8 1.78 27 Malay Male 

Ns322 821.7 1.89 72 Malay Female 

Ns1 721.4 1.88 64 Malay Male 

N45 408.07 1.98 47 Others Male 

N44 603.0 1.68 40 Others Female 

N72 402.9 1.90 26 Chinese Male 

Ns307 591.9 1.88 57 Indian Male 

NS301 935.7 1.85 50 Malay Female 

N78 986.5 1.78 60 Malay Male 
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Appendix C- PCR and Primers 

1) Area targeted by P2 and P3 on HLA-B*58:01  

 

 

 

 

 

Figure 1- Figure 1-A The partial DNA sequence of the HLA-B*58:01 allele is shown, along with its 

exon 2 highlighted in grey. Forward primers are highlighted in yellow, while reverse primers are 

highlighted in blue. Figure 1-B The location of primers for exon 3 on the HLA-B*58:01 allele is shown 

with the blue arrow, along with primer details in the table below. 
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2) Sanger sequencing results for primers P2 and P3 

Two tables were compiled with all the Sanger sequencing from NCBI for the two different primers 

used to target exon 2 and 3, namely P2 and P3. The graphical representation, along with the 

percentage covered on the original exon and the percentage identical to the exons targeted were all 

gathered in both tables. The average percentage was calculated for all the samples and this showed 

that P3 had a higher amplification similarity compared to P2. Hence, the results for P3 was favoured 

over P2 in the results section, specifically for the HRM section. Results shown in both tables were 

analysed at different times from 2015 to 2018, but another analysis round was performed in 2019 in 

order to keep up with the growing number of HLA alleles included in NCBI and to present the most 

up to date data. 

 

Table 4 - Exon 2 amplification with primer P2 done on 15 samples. This results were analyzed again 

in August 2019 in order to keep up with new HLA alleles discovered and entered in NCBI.  

Sample Graphical representation of the samples 
(query) aligned against 149bp targeted part 

of exon 2 (bp) 

Percentage 
covered on 

original exon 

Percentage 
identical to 

exon 2 

HLAG1 

 

81% 
 

93.41% 

HLAG2 

 

75% 
 

97.78% 

HLAG4 

 

83% 96.67% 

HLAG5 

 

91% 88.28% 

HLAG6 

 

85% 96.67% 

HLAG7 

 

81% 94.44% 

HLAG26 

 

86% 97.17% 

HLAG29 

 

85% 94.23% 

HLAG46 

 

86% 95.41% 

HLAG56 

 

94% 95.20% 

HLAG66 

 

88% 92.79% 
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HLAP6 

 

89% 93.52% 

HLAP25 

 

92% 96.23% 

HLAP46 

 

72% 100% 

HLAP60 

 

88% 95.41% 

Average percentage 85.1% 95.15% 
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Table 5 - Exon 3 amplification with primer P3 done on 28 samples. These results were analyzed again 

in August 2019 in order to keep up with new HLA alleles discovered and entered in NCBI. 

Sample Graphical representation of the samples 
(query) aligned against 249bp targeted part of 

exon 3 (bp) 

Percentage 
covered on 

original exon 

Percentage 
identical to 

exon 3 

HLAG12 

 

98% 99% 

HLAG13 

 

96% 95% 

HLAG18 

 

98% 95% 

HLAG19 

 

97% 95% 

HLAG26 

 

97% 100% 

HLAG28 

 

98% 98% 

HLAG29 

 

97% 99% 

HLAG38 

 

91% 99% 

HLAG39 

 

94% 95% 

HLAG46 

 

91% 97% 

HLAG48 

 

92% 99% 

HLAG53 

 

92% 99% 

HLAG56 

 

93% 100% 

HLAG64 

 

90% 99% 

HLAG66 

 

91% 100% 
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HLAG68 

 

92% 99% 

HLAG69 

 

91% 95% 

HLAP2 

 

91% 95% 

HLAP3 

 

91% 98% 

HLAP6 

 

92% 99% 

HLAP25 

 

93% 99% 

HLAP37 

 

92% 98% 

HLAP46 

 

92% 98% 

HLAP51 

 

92% 99% 

HLAP52 

 

91% 96% 

HLAP56 

 

91% 98% 

HLAP60 

 

91% 100% 

HLAP64 

 

90% 95% 

Average percentage 93% 98% 
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3) Sanger Alignment of closely related sequences to HLA-B*58:01 

 

• Alignment of Exon 2 of the HLA-B*58:01 to other closely related alleles. 

 AA Codon                             5                  10                  15                  20                  25  

 B*58:01:01          GC TCC CAC TCC ATG AGG TAT TTC TAC ACC GCC ATG TCC CGG CCC GGC CGC GGG GAG CCC CGC TTC ATC GCA GTG  

 B*58:02             -- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:04             -- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:05             -- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:06             -- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:07             -- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:08:01          -- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --T --- ---  

 B*58:08:02          -- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:09             -- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:10N            -- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:11             -- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:12             -- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- T-- ---  

 B*58:13             -- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:14             -- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:15             -- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:16:01          -- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:16:02          -- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:17N            -- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:18             -- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:19             -- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:20             -- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:21             -- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:22             -- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:23             -- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:24             -- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:25             -- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:26             -- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:27             -- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:28             -- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

  

 AA Codon                            30                  35                  40                  45                  50  

 B*58:01:01         GGC TAC GTG GAC GAC ACC CAG TTC GTG AGG TTC GAC AGC GAC GCC GCG AGT CCG AGG ACG GAG CCC CGG GCG CCA  

 B*58:02            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  
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 B*58:04            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:05            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:06            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:07            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:08:01         --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:08:02         --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:09            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:10N           --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:11            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:12            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:13            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:14            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:15            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:16:01         --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:16:02         --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:17N           --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:18            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:19            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:20            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:21            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:22            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:23            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:24            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:25            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:26            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:27            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:28            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

  

 AA Codon                            55                  60                  65                  70                  75  

 B*58:01:01         TGG ATA GAG CAG GAG GGG CCG GAG TAT TGG GAC GGG GAG ACA CGG AAC ATG AAG GCC TCC GCG CAG ACT TAC CGA  

 B*58:02            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:04            --- --- --- --- --- --- --- --- --- --- --- -A- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:05            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:06            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:07            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:08:01         --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:08:02         --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:09            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:10N           --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:11            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:12            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:13            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:14            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  
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 B*58:15            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- -C-  

 B*58:16:01         --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:16:02         --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:17N           --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:18            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:19            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:20            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:21            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:22            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:23            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:24            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:25            --- --- --- --- --- -C- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:26            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:27            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:28            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

  

 AA Codon                            80                  85                  90    

 B*58:01:01         GAG AAC CTG CGG ATC GCG CTC CGC TAC TAC AAC CAG AGC GAG GCC G           

 B*58:02            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- -           

 B*58:04            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- -           

 B*58:05            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- -           

 B*58:06            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- -           

 B*58:07            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- -           

 B*58:08:01         --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- -           

 B*58:08:02         --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- -           

 B*58:09            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- -           

 B*58:10N           --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- -           

 B*58:11            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- -           

 B*58:12            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- -           

 B*58:13            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- -           

 B*58:14            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- -           

 B*58:15            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- -           

 B*58:16:01         --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- -           

 B*58:16:02         --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- -           

 B*58:17N           --- --- --- --- .-- --- --- --- --- --- --- --- --- --- --- -           

 B*58:18            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- -           

 B*58:19            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- -           

 B*58:20            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- -           

 B*58:21            --- --- --- --- --- --- --- --- --- --- --- --- --- --- A-- -           

 B*58:22            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- -           

 B*58:23            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- -           

 B*58:24            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- -           

 B*58:25            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- -           
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 B*58:26            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- -           

 B*58:27            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- -           

 B*58:28            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- -   

 

• Alignment of Exon 3 of the HLA-B*58:01 to other closely related alleles. 

 AA Codon                            95                 100                 105                 110                 115  

 B*58:01:01          GG TCT CAC ATC ATC CAG AGG ATG TAT GGC TGC GAC CTG GGG CCC GAC GGG CGC CTC CTC CGC GGG CAT GAC CAG  

 B*58:02             -- --- --- -C- C-- --- T-- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:04             -- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:05             -- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:06             -- --- --- -C- C-- --- T-- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:07             -- --- --- -C- C-- --- T-- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:08:01          -- --- --- -CT TGG --- -C- --- --- --- --- --- G-- --- --G --- --- --- --- --- --- --- --- A-- ---  

 B*58:08:02          -- --- --- -CT TGG --- -C- --- --- --- --- --- G-- --- --G --- --- --- --- --- --- --- --- A-- ---  

 B*58:09             -- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:10N            -- --- --- --- --- --- --- --. --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:11             -- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:12             -- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:13             -- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:14             -- --- --- --- --- --- GT- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:15             -- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:16:01          -- --- --- -C- C-- --- --- --- --C --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:16:02          -- --- --- -C- C-- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:17N            -- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:18             -- --- --- -C- C-- --- --C --- --C --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:19             -- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:20             -- --- --- -C- C-- --- --- --- --C --- --- --- G-- --- --G --- --- --- --- --- --- --- --- A-- ---  

 B*58:21             -- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:22             -- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:23             -- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:24             -- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:25             -- --- --- -C- C-- --- T-- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:26             -- --- --- --- C-- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:27             -- --- --- -C- C-- --- --C --- --C --- --- --- G-- --- --G --- --- --- --- --- --- --- --- A-- ---  
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 B*58:28             -- --- --- --- --- --- --- --- --- --- --- --- --- --- --G --- --- --- --- --- --- --- --- A-- ---  

  

 AA Codon                           120                 125                 130                 135                 140  

 B*58:01:01         TCC GCC TAC GAC GGC AAG GAT TAC ATC GCC CTG AAC GAG GAC CTG AGC TCC TGG ACC GCG GCG GAC ACC GCG GCT  

 B*58:02            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:04            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:05            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:06            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:07            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:08:01         -A- --- --- --- --- --A --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:08:02         -A- --- --- --- --- --A --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:09            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:10N           --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:11            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:12            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:13            --- --- --- --- --- --- --- --- --- --- --- --- A-- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:14            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:15            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:16:01         --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:16:02         --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:17N           --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:18            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:19            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:20            -T- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:21            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:22            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:23            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- -T- --- --- --- ---  

 B*58:24            --- --- --- --- C-- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:25            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:26            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:27            -A- --- --- --- --- --- --- --- --- --- --- --- --- --- --- C-- --- --- --- --C --- --- --G --- ---  

 B*58:28            -A- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

  

 AA Codon                           145                 150                 155                 160                 165  

 B*58:01:01         CAG ATC ACC CAG CGC AAG TGG GAG GCG GCC CGT GTG GCG GAG CAG CTG AGA GCC TAC CTG GAG GGC CTG TGC GTG  

 B*58:02            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:04            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:05            --- --- --- --- --- --- -T- --- --- --- --- -C- --- --- --- --- --- --- --- --- --- --- AC- --- ---  

 B*58:06            --- --- --- --- --- --- --- --- --- --- --- -A- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:07            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:08:01         --- --- --- --- --- --- --- --- --- --- --- -A- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:08:02         --- --- --- --- --- --- --- --- --- --- --- -A- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:09            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  
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 B*58:10N           --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:11            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:12            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:13            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:14            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:15            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:16:01         --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:16:02         --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:17N           --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:18            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:19            --- --- --- --- --- --- --- --- --- --- --- -A- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:20            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- A-- --- --- --- --- AC- --- ---  

 B*58:21            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:22            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- -G- --- --- --- --- --- --- --- --- ---  

 B*58:23            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:24            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:25            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:26            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

 B*58:27            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- GA- --- ---  

 B*58:28            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---  

  

 AA Codon                           170                 175                 180            

 B*58:01:01         GAG TGG CTC CGC AGA TAC CTG GAG AAC GGG AAG GAG ACG CTG CAG CGC GCG G         

 B*58:02            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- -         

 B*58:04            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- -         

 B*58:05            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- -         

 B*58:06            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- -         

 B*58:07            --- -C- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- -         

 B*58:08:01         --- --- --- --- --- C-- --- --- --- --- --- --- --- --- --- --- --- -         

 B*58:08:02         --- --- --- --- --- C-- --- --- --- --- --- --- --- --- --- --- --- -         

 B*58:09            --- --- --- --- --- C-- --- --- --- --- --- --- --- --- --- --- --- -         

 B*58:10N           --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- -         

 B*58:11            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- -         

 B*58:12            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- -         

 B*58:13            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- -         

 B*58:14            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- -         

 B*58:15            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- -         

 B*58:16:01         --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- -         

 B*58:16:02         --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- -         

 B*58:17N           --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- -         

 B*58:18            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- -         

 B*58:19            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- -         

 B*58:20            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- -         
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 B*58:21            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- -         

 B*58:22            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- -         

 B*58:23            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- -         

 B*58:24            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- -         

 B*58:25            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- -         

 B*58:26            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- -         

 B*58:27            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- -         

 B*58:28            --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- -  
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Appendix D- Multiplex PCR optimisation  

 

 

Figure 2- This figure shows the first optimisation for multiplex PCR for I2 and I3. A shows P2 at 

standard conditions with an annealing temperature of 45°C. A shows contamination of NTC in lane 2. 

In B, I2 experiments from Figure17-A was repeated (lane 2-3) along with I3 multiplex PCR in lane 4-5. 

IC bands were invisible for I3 and faint for I2. Thus, C shows an increase in IC concentration(0.3µM) 

for I2 and I3 which did not ameliorate results. To find a better annealing temperature, a gradient 

PCR(43°C-48°C) was done for I2 and I3 in D. Due to absence of IC bands, a standard PCR was done in 

Figure17-E to test for IC presence. Gel E showed IC bands at the expected size (423bp). 
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Figure 3-This figure continues optimisation from Figure 2. The 100bp ladder is found in lane 1 of all 

gels. Figure 18-A shows that with a decreased P2 and P3 concentration (0.1µM) and with increased 

IC concentration(0.3µM) in lanes 3&6, better results are obtained. B and C improves on this by doing 

a gradient PCR and finding the best annealing temperatures. 12 has an optimum annealing 

temperature of 47°C (lane 2 of Figure 18-C) and I3 at 50°C (lane 13, B). A repeat of I2 and I3 with all 

their optimised conditions yielded improper results, without any IC bands, as shown in Figure D. 

Using 0.5µL of 100% dimethyl sulfoxide (DMSO) as additive increased stability of reactions as shown 

in lane 4-5 and 8-9 of E.   
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Appendix F- Sanger sequencing results for cloning of exon 2 and exon 3 

1) Sanger sequencing results for several batches of cloning  

This section presents the Sanger sequencing data gathered for randomly selected cloned batches 

over the years. Both tables show successful cloning, with a higher efficiency for P3 primers in cloning 

of the exon 3, as shown in Table 7. These set of results again showed that P3 had a higher efficiency 

in cloning and a larger portion of the exon 3 target was present in the clones. 

Table 7- Exon 2 plasmids extracted, with each number representing a new batch extracted and 

analysed. 

Plasmid batch  
number 

P2 targeted region 
(bp) 

Percentage similarity 
(%) 

Cloning 
Successful 

1 149 97.5 Yes 

2 149 96.0 Yes 

3 149 95.0 Yes 

4 149 95.5 Yes 

5 149 95.0 Yes 

6 149 97.0 Yes 

7 149 98.0 Yes 

8 149 96.0 Yes 

9 149 98.5 Yes 

10 149 95.0 Yes 

11 149 97.0 Yes 

12 149 95.5 Yes 

 

 

 

 

 

 

 

 

 

 



421 
 

Table 8- Exon 3 plasmids extracted, with each number representing a new batch extracted and 

analysed. 

Plasmid batch  
number 

P3 targeted region 
(bp) 

Percentage similarity 
(%) 

Cloning 
Successful 

1 249 99 Yes 

2 249 99 Yes 

3 249 100 Yes 

4 249 100 Yes 

5 249 97 Yes 

6 249 97 Yes 

7 249 100 Yes 

8 249 100 Yes 

9 249 99 Yes 

10 249 100 Yes 

11 249 97 Yes 

12 249 100 Yes 

 

 

 

 

 

 

 

 

 

 

 

 

 

2) EMBL-EBI hits for the inserts cloned 
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19 hits show presence of specific HLA-B*58:01 allele, making up 50% of the 38 hits results table 

shown from EMBL-EBI.  
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Appendix G- High Resolution Melt (HRM) analysis 

 

1) Testing primers P2 and P3 on 9 possible positive samples (PPS) with Sanger sequencing 

The two tables below show that P3 can catch more SNPs, and therefore more HLA-B alleles are 

identified correctly. P3 was preferably used for HRM screenings and Sanger sequencing, in order to 

see the full range of HLA alleles manifesting themselves in each samples. Moreover, P3 primers 

allowed the identification of the HLA-B*58 or HLA-B*58:01 allele in all the 9 samples, where P2 

wasn’t able to do this. Table 5 shows that with P2 only 3 of the 9 PPS showed presence of the HLA-

B*58/HLA-B*58:01, with some common alleles seen repeatedly (HLA-B*35/51/52/15). However, 

Table 6 with P3 results shows the identification of HLA-B*58/58:01 for all the 9 PPS. Moreover, all 

the HLA alleles identified in exon 2 were found in exon 3 results and this was not the same the other 

way round. Interestingly, HLA-B*53 was found in all 9 PPS while HLA-B*35 was found in 5 samples 

and HLA-B*15 in 4 samples. Exon 3 amplified with P3 definitely shows more specific and varied 

results, making it the better choice in order to investigate the HLA alleles present in gout patients. 

 

Table 9- Exon 2 sequencing with P2 primer for 9 PPS samples. 

Sample 
code 

NCBI BLAST IMGT/HLA ADRs manifested 

HLAG26 B*35:01:01, 
51:01:01 

B*53 Exfoliative dermatitis 

HLAG29 B*35:01:01, 
51:01:01 

B*52, B*58:01, 58:44, 
58:68, 58:01:25, B*57 

DRESS Syndrome 

HLAG46 B*35, B*51 B*53, B*51, B*35 Allopurinol hypersensitivity 
syndrome- red eye + severe 

itchiness 

HLAG56 All B*58- 58:01 to 
58:74 

B*52 DRESS- rash 

HLAG66 B*52 numerous, 
52:01, 35 

B*52 Itchiness 

HLAP6 B*15 numerous, 
15:01:01 

B*15 SJS ( mouth and genitalia) 

HLAP25 B*15 numerous, 
15:01:01 

B*56 numerous Generalized skin rash 

HLAP46 35:01, 35-
numerous, 51, 53 

B*58 numerous rash on face 

HLAP60 B*52 B*52 Generalized rashes 
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Table 10 – Exon 3 sequencing with P3 primers for 9 PPS. 

Sample Possible base 
change + 

associated allele 

NCBI BLAST IMGT/HLA BLAST ADRs manifested 

HLAG26 CC (58:02) B*53, B*35, 
B*58:01, 
B*58:02 

All B*58 Exfoliative dermatitis 

HLAG29 CC (58:02) B*53, B*35, 
B*58:01, 
B*58:74, 
B*58:02 

All B*58 DRESS Syndrome 

HLAG46 TACC (SS) OR  TAA 
(B*35) 

B*53, B*35, 
B*58:28, 
B*35:02, 

Numerous B*35 , 
58:65 

Allopurinol hypersensitivity 
syndrome- red eye + severe 

itchiness 

HLAG56 TAA (B*35) B*53, B*35, 
B*58:62, 
B*58:74 

All B*58 DRESS- rash 

HLAG66 TAA (B*35) OR CC 
(58:02) 

B*53, B*35, 
B*58:01, 58:02, 

B*58:74 

All B*58 Itchiness 

HLAP6 CCCA (SS) B*15, B*15:02, 
58:06, 58:01, 

58:02 

B*15, B*44, 
B*53,  58:01, 
58:91, 58:19 

SJS ( mouth and genitalia) 

HLAP25 TAA (B*35) OR CC 
(58:02) 

B*35, B*53, 
B*15, , 58:74, 
58:01, 58:02 

All B*58 Generalized skin rash 

HLAP46 CCC (SS) OR 
B*15(GGGG) OR 

TAA (B*35) 

B*35, B*53, 
B*15, , 58:01, 

58:02, 57 

All B*15, 58:97 rash on face 

HLAP60 TAA (B*35) B*35, B*53, 
B*15, , 58:01, 
58:02, 58:74 

All B*58 Generalized rashes 
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2) Chromatogram analysis for Sanger sequencing results 

All samples had to undergo a round of chromatogram analysis, where the integrity of the sequenced 

data was checked by hand and base by base. The key below shows how the chromatogram was 

modified and added to the Sanger sequence for sample HLAG13. The final edited forward and 

reverse sequence were aligned and mismatched bases were called as polymorphism sites or SNPs. 

All the different combinations of the final sequenced were inputted into NCBI BLAST and more 

refined HLA hits came out. 

 

 

 

 

 

 

 

 

 

 

Chromatogram analysis for HLAG13 

Edited forward sequence-  

GCGCCTCCTCCGCGGGT/CATAACCAGTTCGCCTACGACGGCAAGGATTACATCGCCCTGAAC/TGAGGACTCT

GCGCTCCTGGACCGCCGCGGACACGGCGGCTCAGATCT/ACCCAGCGCAAGTG/TGGAGGCGGCCCGTG/ACT

AGGCGGAGCAGCTGAGAGCCTACCTGGAGGGCA/GCAGTGCGTGGAGTGGCTCCGCAGATACCTGGAGAAC

GGGAAGGAA 

1st sequence- 
using first 
base option 

GCGCCTCCTCCGCGGGTATAACCAGTTCGCCTACGACGGCAAGGATTACATCGCCCTGAA 
CGAGGACTCTGCGCTCCTGGACCGCCGCGGACACGGCGGCTCAGATCTCCCAGCGCAAGT 
GGGAGGCGGCCCGTGCTAGGCGGAGCAGCTGAGAGCCTACCTGGAGGGCACAGTGCGTG 
GAGTGGCTCCGCAGATACCTGGAGAACGGGAAGGAA 
 

2nd sequence 
using 2nd base 
option 

GCGCCTCCTCCGCGGGCATAACCAGTTCGCCTACGA CGGCAAGGATTACATCGCCCTGAA 
TGAGGACTCTGCGCTCCTGGACCGCCGCGGACACGGCGGCTCAGATCACCCAGCGCAAGT 
TGGAGGCGGCCCGTACTAGGCGGAGCAGCTGAGAGCCTACCTGGAGGGCGCAGTGCGTG 
GAGTGGCTCCGCAGATACCTGGAGAACGGGAAGGAA 
 

 

 

Edited reverse-  

Key for chromatogram analysis:  

Editing example: GGGCTG 0 C T/G C/G 

0- removed bases, base wrongly called 

GTC- Normal bases correctly called by Sanger sequencing 

T/G - 2 peaks with the first base having a higher peak. Other peak is significant too (possible SNP) 

C/G -Heterozygous peak, same peak height but 2 different bases seen (try to alternate to get different 

sequences) 

A - Added base, which was miscalled by Sanger sequencing 

Take out the first 20 bases from sequence as a lot of them were labelled as N. 
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CCCTCAGGTAGGCTCTCAGCTGCTCCGCCAGTCTACGGGCCGCCTCCCACTTGCGCTGGGAT 

GATCTGAGCCGCCGTGTCCGCGGCGGTCCAGGAGCGCAGGA TCCTCG A TT 

CAGGGCGATGTAATCCTTGCCGTCGTAGGCGT AACTGGTTAT A/G CCC 

GCGGAGGAGGCGCCCGTCCGGCCCCA C/G GTCGCAGCC A/G T ACATCCTCTGGATGATGTGAGACCA 

 Direct sequence from sanger 

1st 
sequence- 
using first 
base option 

CCCTCAGGTAGGCTCTCAGCTGCTCCGCCAGTCTACGGGCCGCCTCCCACTTGCGCTGGGAT
GATCTGAGCCGCCGTGTCCGCGGCGGTCCAGGAGCGCAGGATCCTCGATTCAGGGCGATG
TAATCCTTGCCGTCGTAGGCGTAACTGGTTATACCCGCGGAGGAGGCGCCCGTCCGGCCCC
ACGTCGCAGCCATACATCCTCTGGATGATGTGAGACCA 
 

2nd 
sequence 
using 2nd 
base option 

CCCTCAGGTAGGCTCTCAGCTGCTCCGCC AGTCTA CGGGCCGCCTCCCACTTGCGCTGGGA 
T GATCTGAGCCGCCGTGTCCGCGGCGGTCCAGGAGCGCAGG A TCCTCG A TT 
CAGGGCGATGTAATCCTTGCCGTCGTAGGCGT AACTGGTTAT G CCC 
GCGGAGGAGGCGCCCGTCCGGCCCCA G GTCGCAGCCGT 
ACATCCTCTGGATGATGTGAGACCA 

 

Previous hits from unmodified sanger sequencing data:  HLA-B*40:01/ HLA-B*40:02- 64 hits on 100 , 

48:01 (6hits) , 73:01 (6hits), 27 (2) , HLA-Cw*04:32/HLA-Cw*04 (4 hits) 

 

Align first sequences: (SNPs highlighted in yellow) 

Alignment statistics fo r match #1  

Score Expect Identities Gaps  

263 bits(142) 2e-75 164/173(95%) 7/173(4%)  

Query  1    GCGCCTCCTCCGCGGGTATAACCAGTTACGCCTACGACGGCAAGGATTACATCGCCCTGA  59 

            ||||||||||||||||||||||||||| |||||||||||||||||||||||||||||||| 

Sbjct  171  GCGCCTCCTCCGCGGGTATAACCAGTTACGCCTACGACGGCAAGGATTACATCGCCCTGA  112 

 

Query  60   ATCGAGGACTCTGCGCTCCTGGACCGCCGCGGACACGGCGGCTCAGATCATCCCAGCGCA  117 

            | ||||||  ||||||||||||||||||||||||||||||||||||||| |||||||||| 

Sbjct  111  ATCGAGGATCCTGCGCTCCTGGACCGCCGCGGACACGGCGGCTCAGATCATCCCAGCGCA  52 

 

Query  118  AGTGGGAGGCGGCCCGTAGACTAGGCGGAGCAGCTGAGAGCCTACCTGGAGGG  168 

            ||||||||||||||||| | || ||||||||||||||||||||||||| |||| 

Sbjct  51   AGTGGGAGGCGGCCCGTAGACTAGGCGGAGCAGCTGAGAGCCTACCTGGAGGG  1 

 

 

 

Resulting sequences obtained:  
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1= GCGCCTCCTCCGCGGGTATAACCAGTTACGCCTACGACGGCAAGGATTACATCGCCCTGA 
ATCGAGGACTCTGCGCTCCTGGACCGCCGCGGACACGGCGGCTCAGATCATCCCAGCGCAGTAGACTAGGCGGAGCAGCTGAG

AGCCTACCTGGAGGG 

2= GCGCCTCCTCCGCGGGTATAACCAGTTACGCCTACGACGGCAAGGATTACATCGCCCTGA 

ATCGAGGATCCTGCGCTCCTGGACCGCCGCGGACACGGCGGCTCAGATCATCCCAGCGCA 

AGTGGGAGGCGGCCCGTAGACTAGGCGGAGCAGCTGAGAGCCTACCTGGAGGG 

Sequence used NCBI BLAST hits IMGT/HLA BLAST hits 

1 C*08:01 Numerous C*08 (e.g down) 

2  C*08:01:01 Numerous C*08 (e.g down) 

 

Align second sequences: (SNPs highlighted in yellow) 

Query  1    GCGCCTCCTCCGCGGGCATAACCAGTTACGCCTACGACGGCAAGGATTACATCGCCCTGA  59 

            ||||||||||||||||||||||||||| |||||||||||||||||||||||||||||||| 

Sbjct  171  GCGCCTCCTCCGCGGGCATAACCAGTTACGCCTACGACGGCAAGGATTACATCGCCCTGA  112 

 

Query  60   ATCGAGGACTCTGCGCTCCTGGACCGCCGCGGACACGGCGGCTCAGATCATCCCAGCGCA  117 

            || |||||  |||||||||||||||||||||||||||||||||||||||| ||||||||| 

Sbjct  111  ATCGAGGATCCTGCGCTCCTGGACCGCCGCGGACACGGCGGCTCAGATCATCCCAGCGCA  52 

 

Query  118  AGTTGGAGGCGGCCCGTAGACTAGGCGGAGCAGCTGAGAGCCTACCTGGAGGG  168 

            ||| ||||||||||||||  || ||||||||||||||||||||||||| |||| 

Sbjct  51   AGTGGGAGGCGGCCCGTAGACTAGGCGGAGCAGCTGAGAGCCTACCTGGAGGG  1 

 

1= GCGCCTCCTCCGCGGGCATAACCAGTTACGCCTACGACGGCAAGGATTACATCGCCCTGA 

ATCGAGGACTCTGCGCTCCTGGACCGCCGCGGACACGGCGGCTCAGATCATCCCAGCGCA 

AGTTGGAGGCGGCCCGTAGACTAGGCGGAGCAGCTGAGAGCCTACCTGGAGGG 

2= GCGCCTCCTCCGCGGGCATAACCAGTTACGCCTACGACGGCAAGGATTACATCGCCCTGA 

ATCGAGGATCCTGCGCTCCTGGACCGCCGCGGACACGGCGGCTCAGATCATCCCAGCGCA 

AGTGGGAGGCGGCCCGTAGACTAGGCGGAGCAGCTGAGAGCCTACCTGGAGGG 

 

Sequence used NCBI BLAST hits IMGT/HLA BLAST hits 

1 B*40/48 B*48 

2  B*40:02:01 B*40 

 

 

Final HLA alleles called narrowed down to: B*40/48, C*08:01, C*08, C*08:01:01, B*40:02:01 

 

 

3) SNPs search -Aligning the Sanger sequencing results of ADRS/SCARs samples 

 



429 
 

Sample HLAG12- Aligned to highest Sanger sequencing hit HLA-B*35:01 

Query= sanger sequencing result, Subject= specific HLA allele hit 

Here, no base change was seen (no gaps), hence no SNP was found. 

 

Alignment of both sequences: 

Query  1002  ggTCTCACATCATCCAGAGGATGTATGGCTGCGACCTGGGGCCCGACGGGCGCCTCCTCC  1061 

             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  1     GGTCTCACATCATCCAGAGGATGTATGGCTGCGACCTGGGGCCCGACGGGCGCCTCCTCC  60 

 

Query  1062  GCGGGCATGACCAGTCCGCCTACGACGGCAAGGATTACATCGCCCTGAACGAGGACCTGA  1121 

             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  61    GCGGGCATGACCAGTCCGCCTACGACGGCAAGGATTACATCGCCCTGAACGAGGACCTGA  120 

 

Query  1122  GCTCCTGGACCGCGGCGGACACCGCGGCTCAGATCACCCAGCGCAAGTGGGAGGCGGCCC  1181 

             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  121   GCTCCTGGACCGCGGCGGACACCGCGGCTCAGATCACCCAGCGCAAGTGGGAGGCGGCCC  180 

 

Query  1182  GTGTGGCGGAGCAGCTGAGAGCCTACCTGGAGGGCCTGTGCGTGGAGTGGCTCCGCAGAT  1241 

             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  181   GTGTGGCGGAGCAGCTGAGAGCCTACCTGGAGGGCCTGTGCGTGGAGTGGCTCCGCAGAT  240 

 

Query  1242  ACCTGGAGAACGGGAAGGA  1260 

             ||||||||||||||||||| 

Sbjct  241   ACCTGGAGAACGGGAAGGA  259 

 

 

 

 

 

 

 

 

 

Sample HLAG13- Aligned to highest Sanger sequencing hit HLA-B*40’s  

Query= sanger sequencing result, Subject= specific HLA allele hit 

Empty gaps between query and subject= SNP presence. (highlighted in yellow)  
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All the SNPs are written side by side, and common bases seen from both samples are eliminated. 

Only the final different bases are  considered as the true SNPs present. 

Total base change seen below: TC (HLA-B*40) to GA (sample) 

 

Alignment of both sequences: 

Query  717  ggTCTCACACCCTCCAGAGGATGTACGGCTGCGACGTGGGGCCGGACGGGCGCCTCCTCC  776 

            ||||||||| | ||||||||||||| ||||||||| ||||||| |||||||||||||||| 

Sbjct  1    GGTCTCACATCATCCAGAGGATGTATGGCTGCGACCTGGGGCCCGACGGGCGCCTCCTCC  60 

 

Query  777  GCGGGCATAACCAGTACGCCTACGACGGCAAGGATTACATCGCCCTGAACGAGGACCTGC  836 

            |||||||| |||||| |||||||||||||||||||||||||||||||||||||||||||  

Sbjct  61   GCGGGCATGACCAGTCCGCCTACGACGGCAAGGATTACATCGCCCTGAACGAGGACCTGA  120 

 

Query  837  GCTCCTGGACCGCCGCGGACACGGCGGCTCAGATCTCCCAGCGCAAGTTGGAGGCGGCCC  896 

            ||||||||||||| |||||||| |||||||||||| |||||||||||| ||||||||||| 

Sbjct  121  GCTCCTGGACCGCGGCGGACACCGCGGCTCAGATCACCCAGCGCAAGTGGGAGGCGGCCC  180 

 

Query  897  GTGTGGCGGAGCAGCTGAGAGCCTACCTGGAGGGCGAGTGCGTGGAGTGGCTCCGCAGAT  956 

            |||||||||||||||||||||||||||||||||||  ||||||||||||||||||||||| 

Sbjct  181  GTGTGGCGGAGCAGCTGAGAGCCTACCTGGAGGGCCTGTGCGTGGAGTGGCTCCGCAGAT  240 

 

Query  957  ACCTGGAGAACGGGAAGGA  975 

            ||||||||||||||||||| 

Sbjct  241  ACCTGGAGAACGGGAAGGA  259 

 

 

 

 

 

 

 

 

 

Sample HLAG38- 2 alignments done  

Aligned to HLA-B*15:01:01 

Query  1002  ggTCTCACACCCTCCAGAGGATGTACGGCTGCGACGTGGGGCCGGACGGGCGCCTCCTCC  1061 

             ||||||||| | ||||||||||||| ||||||||| ||||||| |||||||||||||||| 

Sbjct  1     GGTCTCACATCATCCAGAGGATGTATGGCTGCGACCTGGGGCCCGACGGGCGCCTCCTCC  60 
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Query  1062  GCGGGCATGACCAGTCCGCCTACGACGGCAAGGATTACATCGCCCTGAACGAGGACCTGA  1121 

             |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  61    GCGGGCATGACCAGTCCGCCTACGACGGCAAGGATTACATCGCCCTGAACGAGGACCTGA  120 

 

Query  1122  GCTCCTGGACCGCGGCGGACACGGCGGCTCAGATCACCCAGCGCAAGTGGGAGGCGGCCC  1181 

             |||||||||||||||||||||| ||||||||||||||||||||||||||||||||||||| 

Sbjct  121   GCTCCTGGACCGCGGCGGACACCGCGGCTCAGATCACCCAGCGCAAGTGGGAGGCGGCCC  180 

 

Query  1182  GTGAGGCGGAGCAGTGGAGAGCCTACCTGGAGGGCCTGTGCGTGGAGTGGCTCCGCAGAT  1241 

             ||| ||||||||||  |||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  181   GTGTGGCGGAGCAGCTGAGAGCCTACCTGGAGGGCCTGTGCGTGGAGTGGCTCCGCAGAT  240 

 

Query  1242  ACCTGGAGAACGGGAAGGA  1260 

             ||||||||||||||||||| 

Sbjct  241   ACCTGGAGAACGGGAAGGA  259 

 

Total base change: TTCC to GGGG 

 

Aligned to HLA-B*15:02 

Query  1001  ggTCTCACATCATCCAGAGGATGTATGGCTGCGACGTGGGGCCGGACGGGCGCCTCCTCC  1060 

             ||||||||||||||||||||||||||||||||||| ||||||| |||||||||||||||| 

Sbjct  1     GGTCTCACATCATCCAGAGGATGTATGGCTGCGACCTGGGGCCCGACGGGCGCCTCCTCC  60 

 

Query  1061  GCGGGTATGACCAGTCCGCCTACGACGGCAAGGATTACATCGCCCTGAACGAGGACCTGA  1120 

             ||||| |||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  61    GCGGGCATGACCAGTCCGCCTACGACGGCAAGGATTACATCGCCCTGAACGAGGACCTGA  120 

 

Query  1121  GCTCCTGGACCGCGGCGGACACGGCGGCTCAGATCACCCAGCGCAAGTGGGAGGCGGCCC  1180 

             |||||||||||||||||||||| ||||||||||||||||||||||||||||||||||||| 

Sbjct  121   GCTCCTGGACCGCGGCGGACACCGCGGCTCAGATCACCCAGCGCAAGTGGGAGGCGGCCC  180 

 

Query  1181  GTGAGGCGGAGCAGCTGAGAGCCTACCTGGAGGGCCTGTGCGTGGAGTGGCTCCGCAGAT  1240 

             ||| |||||||||||||||||||||||||||||||||||||||||||||||||||||||| 

Sbjct  181   GTGTGGCGGAGCAGCTGAGAGCCTACCTGGAGGGCCTGTGCGTGGAGTGGCTCCGCAGAT  240 

 

Query  1241  ACCTGGAGAACGGGAAGGA  1259 

             ||||||||||||||||||| 

Sbjct  241   ACCTGGAGAACGGGAAGGA  259 

 

Total base change: CCCC to GGGA 
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4) Calculating specific base changes for all 28 ADR/SCARs samples  

 

Exon 3 sequence for the HLA-B*58:01 gene : 276bp (total) 

Primer P3 amplified exon 3 (yellow region)- 259bp 

 

GGTCTCACATCATCCAGAGGATGTATGGCTGCGACCTGGGGCCCGACGGGCGCCTCCTCC 

GCGGGCATGACCAGTCCGCCTACGACGGCAAGGATTACATCGCCCTGAACGAGGACCTGA 

GCTCCTGGACCGCGGCGGACACCGCGGCTCAGATCACCCAGCGCAAGTGGGAGGCGGCCC 

GTGTGGCGGAGCAGCTGAGAGCCTACCTGGAGGGCCTGTGCGTGGAGTGGCTCCGCAGAT 

ACCTGGAGAACGGGAAGGAGACGCTGCAGCGCGCGG 

 

Details for exon 3:  

 

 

 

 

Positive samples- 9 samples out of 30 ADR samples- HLAG26, HLAG29, HLAG46, HLAG56, HLAG66, 

HLAP6, HLAP25, HLAP46, HLAP60 

Sample HLAG26 Forward sequence Reverse sequence Forward + Reverse  

Total bases count 219 223 442 

Adenine 43 32 75 

Thymine 27 41 68 

Guanine 81 73 154 

Cytosine 68 77 145 

%GC content 68% 67.3% 67.6% 
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Sample HLAG29 Forward sequence Reverse sequence Forward + Reverse  

Total bases count 229 215 444 

Adenine 45 29 74 

Thymine 28 41 69 

Guanine 85 72 157 

Cytosine 71 73 144 

%GC content 68.1% 67.4% 67.8% 

 

Sample HLAG46 Forward sequence Reverse sequence Forward + Reverse  

Total bases count 226 218 444 

Adenine 48 34 82 

Thymine 28 41 69 

Guanine 84 68 152 

Cytosine 66 75 141 

%GC content 66.4 65.6 66 

 

Sample HLAG56 Forward sequence Reverse sequence Forward + Reverse  

Total bases count 224 220 444 

Adenine 45 33 78 

Thymine 30 40 70 

Guanine 81 72 153 

Cytosine 68 75 143 

%GC content 66.5 66.8 66.7 

 

Sample HLAG66 Forward sequence Reverse sequence Forward + Reverse  

Total bases count 220 216 436 

Adenine 44 32 76 

Thymine 28 40 68 

Guanine 80 71 151 

Cytosine 68 73 141 

%GC content 67.3 66.7 67 

 

 

 

Sample HLAP6 Forward sequence Reverse sequence Forward + Reverse  

Total bases count 221 221 442 

Adenine 46 32 78 

Thymine 28 43 71 

Guanine 80 69 149 

Cytosine 67 77 144 

%GC content 66.5 66.1 66.3 

 

Sample HLAP25 Forward sequence Reverse sequence Forward + Reverse  
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Total bases count 223 220 443 

Adenine 44 30 74 

Thymine 28 42 70 

Guanine 83 72 155 

Cytosine 68 76 144 

%GC content 67.7 67.3 67.5 

 

Sample HLAP46 Forward sequence Reverse sequence Forward + Reverse  

Total bases count 234 220 454 

Adenine 46 32 78 

Thymine 30 41 71 

Guanine 87 69 156 

Cytosine 71 78 149 

%GC content 67.5 66.8 67.2 

 

Sample HLAP60 Forward sequence Reverse sequence Forward + Reverse  

Total bases count 223 220 443 

Adenine 44 34 78 

Thymine 28 40 68 

Guanine 83 72 155 

Cytosine 68 74 142 

%GC content 67.7 66.4 67 

 

Trend noticed: 

• Number of G and C is less for all the positive samples, compared with the original exon 3 

• % GC content may be inaccurate as the total base count isn’t the same for all samples. The range 

for % GC spreads over a range of 66 to 67.8 

• A and T numbers are lower for all positive samples, compared to exon 3 

 

 

 

 

 

Negative samples- HLAG12, 13, 18, 19, 28,  

Sample HLAG12 Forward sequence Reverse sequence Forward + Reverse  

Total bases count 219 225 444 

Adenine 42 34 76 

Thymine 27 41 68 

Guanine 82 73 155 

Cytosine 68 77 145 

%GC content 68.5% 66.7 % 67.6% 
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Sample HLAG13 Forward sequence Reverse sequence Forward + Reverse  

Total bases count 220 219 439 

Adenine 43 33 76 

Thymine 30 41 71 

Guanine 82 69 151 

Cytosine 65 76 141 

%GC content 66.8 % 66.2% 66.5% 

 

Sample HLAG18 Forward sequence Reverse sequence Forward + Reverse  

Total bases count 229 213 442 

Adenine 46 31 77 

Thymine 28 41 69 

Guanine 85 68 153 

Cytosine 70 73 143 

%GC content 67.7% 66.2 67 

 

Sample HLAG19 Forward sequence Reverse sequence Forward + Reverse  

Total bases count 221 219 440 

Adenine 44 31 75 

Thymine 27 41 68 

Guanine 80 74 154 

Cytosine 70 73 143 

%GC content 67.9 67.1 67.5 

 

Sample HLAG28 Forward sequence Reverse sequence Forward + Reverse  

Total bases count 221 217 438 

Adenine 43 31 74 

Thymine 27 41 68 

Guanine 82 68 150 

Cytosine 69 77 146 

%GC content 68.3 66.8 67.6 

 

 

 

 

Negative samples- HLAG12, 13, 18, 19, 28, 38, 39, 48, 53, 64, 68, 69, HLAP2, HLAP3, 37 

 

Sample HLAG38 Forward sequence Reverse sequence Forward + Reverse  

Total bases count 225 221 446 

Adenine 46 33 79 

Thymine 28 41 69 

Guanine 84 69 153 

Cytosine 67 78 145 

%GC content 67.1 66.5 66.8 
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Sample HLAG39 Forward sequence Reverse sequence Forward + Reverse  

Total bases count 232 229 461 

Adenine 47 32 79 

Thymine 27 43 70 

Guanine 88 76 164 

Cytosine 70 78 148 

%GC content 68.1 67.2 67.7 

 

Sample HLAG48 Forward sequence Reverse sequence Forward + Reverse  

Total bases count 222 215 437 

Adenine 43 31 74 

Thymine 29 40 69 

Guanine 83 70 153 

Cytosine 67 74 141 

%GC content 67.6 67 67.3 

 

Sample HLAG53 Forward sequence Reverse sequence Forward + Reverse  

Total bases count 222 217 439 

Adenine 44 31 75 

Thymine 29 40 69 

Guanine 82 71 153 

Cytosine 67 75 142 

%GC content 67.1 67.3 67.2 

 

Sample HLAG64 Forward sequence Reverse sequence Forward + Reverse  

Total bases count 225 219 444 

Adenine 45 30 75 

Thymine 27 45 72 

Guanine 86 67 153 

Cytosine 67 77 144 

%GC content 68 65.8 66.9 

 

Sample HLAG68 Forward sequence Reverse sequence Forward + Reverse  

Total bases count 222 218 440 

Adenine 46 31 77 

Thymine 29 41 70 

Guanine 81 68 149 

Cytosine 66 78 144 

%GC content 66.2 67 66.6 

 

Sample HLAG69 Forward sequence Reverse sequence Forward + Reverse  

Total bases count 226 225 451 

Adenine 47 32 79 

Thymine 30 43 73 

Guanine 83 71 154 
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Cytosine 66 79 145 

%GC content 65.9 66.7 66.3 

 

Sample HLAP2 Forward sequence Reverse sequence Forward + Reverse  

Total bases count 223 215 438 

Adenine 46 33 79 

Thymine 28 40 68 

Guanine 83 68 151 

Cytosine 66 74 140 

%GC content 66.8 66 66.4 

 

Sample HLAP3 Forward sequence Reverse sequence Forward + Reverse  

Total bases count 224 221 445 

Adenine 45 31 76 

Thymine 27 41 68 

Guanine 84 70 154 

Cytosine 68 79 147 

%GC content 67.8 67.4 67.6 

 

Sample HLAP37 Forward sequence Reverse sequence Forward + Reverse  

Total bases count 236 221 457 

Adenine 48 31 79 

Thymine 33 45 78 

Guanine 87 69 156 

Cytosine 68 76 144 

%GC content 65.7 65.6 65.6 

    

 

 

 

 

 

Negative samples- HLAG12, 13, 18, 19, 28, 38, 39, 48, 53, 64, 68, 69, HLAP2, HLAP3, 37, 51, 52, 56, 

64,  

 

Sample HLAP51 Forward sequence Reverse sequence Forward + Reverse  

Total bases count 226 233 459 

Adenine 45 32 77 

Thymine 29 47 76 

Guanine 86 76 162 

Cytosine 66 78 144 

%GC content 67.3 66.1 66.7 
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Sample HLAP52 Forward sequence Reverse sequence Forward + Reverse  

Total bases count 223 224 447 

Adenine 45 32 77 

Thymine 27 42 69 

Guanine 85 74 159 

Cytosine 66 76 142 

%GC content 67.7 67 67.3 

 

Sample HLAP56 Forward sequence Reverse sequence Forward + Reverse  

Total bases count 224 222 446 

Adenine 46 35 81 

Thymine 27 41 68 

Guanine 84 69 153 

Cytosine 67 77 144 

%GC content 67.4 65.8 66.6 

 

Sample HLAP64 Forward sequence Reverse sequence Forward + Reverse  

Total bases count 220 223 443 

Adenine 44 36 80 

Thymine 29 41 70 

Guanine 81 71 152 

Cytosine 66 75 141 

%GC content 66.8 65.5 66.1 

 

Trend noticed: 

• Number of G and C is less for all the negative samples, compared with the original exon 3 

• % GC content may be inaccurate as the total base count isn’t the same for all samples. The range 

for % GC spreads over a range of 65.5% to 68%. A wider range of GC % is seen for the negative 

samples. 

• A and T numbers are lower for all negative samples, compared to exon 3 

 

 

5) Melting point shift calculation from  HRM results   

 

Table 11- Melting point generated in HRM runs for the 9 possible positive samples and their 

corresponding positive control used during screening. 

Sample Tm Tm1 +VE C 1 +VE C 2 Temperature 
change 

(degrees) 

HLAG26 88.1 88.2 90.8 90.9 2.7 

HLAG29 90.9 91 90.8 90.9 0.1 

HLAG46 90.4 90.5 90.8 90.9 0.4 

HLAG56 90.8 90.9 90.7 90.8 0.1 
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HLAG66 91.1 91.2 90.7 90.8 0.4 

HLAP6 90.7 90.8 90 89.8 0.85 

HLAP25 91.2 91.2 90.5 90.3 0.8 

HLAP46 91 91 90.6 90.7 0.35 

HLAP60 91.2 91.2 90.6 90.7 0.55 

 

Table 12- Melting point generated in HRM runs for the 19 negative samples and their 

corresponding positive control used during screening. 

Sample Tm Tm1 +VE C 1 +VE C 2 Temperature 
change 

(degrees) 

HLAG12 91 91.1 90.8 90.7 0.3 

HLAG13 90.6 90.7 90.8 90.7 0.1 

HLAG18 90.7 90.6 90.8 90.9 0.2 

HLAG19 90.9 90.8 90.8 90.9 0* 

HLAG28 90.9 90.8 90.8 90.9 0* 

HLAG38 90.7 90.7 90.9 90.8 0.15 

HLAG39 90.6 90.6 90.9 90.8 0.25 

HLAG48 91 91.1 90.9 90.8 0.2 

HLAG53 90.9 90.9 90.7 90.9 -0.05 

HLAG64 90.8 90.7 90.8 90.7 0* 

HLAG68 90.7 90.6 90.7 90.6 0* 

HLAG69 90.7 90.7 90.7 90.6 -0.05 

HLAP2 90.5 90.5 90 89.8 -0.6 

HLAP3 90.8 90.7 90 89.8 -0.95 

HLAP37 90.5 90.4 90.9 90.7 0.35 

HLAP51 90.6 90.6 90.8 91 0.3 

HLAP52 90.8 90.7 90.8 91 0.15 

HLAP56 90.9 91 90.8 91 -0.05 

HLAP64 90.7 90.8 90.7 90.6 -0.1 

 

 

 

6) Analysis of %GC content 

The percentage of Guanine and Cytosine were gathered for all the 28 ADR samples from their Sanger 

sequencing results. The full DNA sequence generated for each sample, being amplified with primer 

P3, was inputted in an online percentage GC calculator .The numbers of the 4 different bases were 

calculated, along with the percentage GC automatically. The Table 13 below shows the compiled 

results for the 28 ADR samples. No specific trend was noticed for %GC for both possible positive and 

negative samples. HRM should by theory be able to detect unknown variants and SNPs, even in 

cases with a single base change. Base changes will affect the % GC and melting point of all samples, 

and there should be a trend seen for all similar positive or negative samples. The results in the table 

below showed an erratic difference in the melting point for all samples, hence preventing any trend 

to be identified. This also shows that there are other unknown variable factors affecting the results. 
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%GC will in turn affect the melting point and change it. A known and consistent %GC and Tm was 

needed for positive and negative samples to allow the proper differentiation in terms of genotype. 

 

Table 13- Analysis of the GC percentage in 28 ADR samples, with the possible positive samples and 

negative samples for the HLA-B*58:01 allele. 

Sample code Total base count in 
sequenced DNA 
fragment (bp) 

Percentage GC content 
(%) 

HLA-B*58:01 positive 
or negative 

Original Exon 3 259 66.8 Positive 

HLAG26 221 67.6 Positive 

HLAG29 222 67.8 Positive 

HLAG46 222 66.0 Positive 

HLAG56 222 66.7 Positive 

HLAG66 218 67.0 Positive 

HLAP6 221 66.3 Positive 

HLAP25 222 67.5 Positive 

HLAP46 227 67.2 Positive 

HLAP60 222 67.0 Positive 

HLAG12 222 67.6 Negative 

HLAG13 220 66.5 Negative 

HLAG18 221 67.0 Negative 

HLAG19 220 67.5 Negative 

HLAG28 219 67.6 Negative 

HLAG38 223 66.8 Negative 

HLAG39 230 67.7 Negative 

HLAG48 219 67.3 Negative 

HLAG53 220 67.2 Negative 

HLAG64 222 66.9 Negative 

HLAG68 220 66.6 Negative 

HLAG69 226 66.3 Negative 

HLAP2 219 66.4 Negative 

HLAP3 223 67.6 Negative 

HLAP37 229 65.6 Negative 

HLAP51 230 66.7 Negative 

HLAP52 224 67.3 Negative 

HLAP56 223 66.6 Negative 

HLAP64 222 66.1 Negative 

 

 

Trend noticed for negative samples: 

• Number of G and C is less for all the negative samples, compared with the original exon 3 

• % GC content may be inaccurate as the total base count isn’t the same for all samples. The range 

for % GC spreads over a range of 65.5% to 68%. A wider range of GC % is seen for the negative 

samples. 

• A and T numbers are lower for all negative samples, compared to exon 3 
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Trend noticed for positive sample 

Number of G and C is less for all the positive samples and negative samples, compared with the 

original exon 3, which may be due to incomplete sanger due to complex secondary structures in PCR 

products 

% GC content may be inaccurate as the total base count isn’t the same for all samples. The range for 

% GC spreads over a range of 66 to 67.8 
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7) Full HRM trend compiled in one Table  for 19 negative samples. 

Table - Compilation of all the different variables used to identify a trend in the HRM results for the 19 negative ADR samples. Sanger sequencing results 

from Table 4.11 were also added into 2 columns based on their databases. HRM difference melt curves and ADRs observed were shown in the last two 

columns. 

Sample Temperature 
change 

(degrees) 

Possible base 
change + 

associated allele  

NCBI BLAST IMGT/HLA 
BLAST  

HRM difference melt curve ADRs 
manifested 

HLAG12 0.3 - B*53:01, 58:74, 
35:01, 35:10, 
35:20, 35:28 

All B*58 
alleles 

 

Vasculitits rash 

HLAG13 0.1 TTTAAA (SS) or 
 G (B*40) 
AG (B*48) 

B*40, B*48 B*40, 
C*04, 

B*48,58:27 

 

Mild allergy- 
itchiness 
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HLAG18 0.2 AAAA (SS) or  
G (C*04) 

C*04:01:01:01 C*04 

 

Mild allergy- 
rash 

HLAG19 0* AA (SS) or 
 CCCC (C*07) 

C*07 C*07  

 

Mild allergy- 
itchiness 

HLAG28 0* GGAA (B*44:02) 
or 

 CTC (SS) 

B*44 B*44 

 

Itchiness 
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HLAG38 0.15 ACC (SS),  
GGGG 

(B*15:01), 
GGGA (B*15:02) 

B*15:01/15:02 B*15 

  

SJS 

HLAG39 0.25 TT (SS), 
 GC 

(B*12:02:02) 

C*12 C*12 

 
  

SJS 

HLAG48 0.2 T (B*35:03:01) 
or 

 TA (SS) 

B*35, B*35:03 
 

B*58:34, 
B*35 

 

Tophi 
reuptured, 

allergy to allo, 
changed to feb. 
no mention of 
specific ADRs 
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HLAG53 -0.05 TA (SS) or  
T 

(B*35:03:01)or 
AA(B*35:02:02) 

B*35, 
B*35:03:01, 
B*35:02:02 

B*35, 
B*58:34 

 

Rashes 

HLAG64 0* TCA (SS),  
GGGG 

(B*15:01), 
GGGA (B*15:02) 

B*15 B*15, 
B*15:02 

 

Rashes 

HLAG68 0* TCA (SS), 
GGGG 

(B*15:01), 
GGGA (B*15:02) 

B*15 B*15, 
B*15:02 

 

Allergy to allo-
Anaphylaxis 

reaction  
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HLAG69 -0.05 CTTTT(SS) 
G (B*40) 

AG (B*48) 

B*40, B*48 B*40, B*48  

 

Allergy to allo 

HLAP2 -0.6 AAA(SS),  
G (C*04) 

C*04 C*04 

  

Generalized 
rash 

HLAP3 -0.95 GGA(44:03:01),  
TCC (SS), 

GGAA (B*44:02) 

B*44:03:01 B*44 

  

Allergy to 
allopurinol-
generalised 
rash + face 
swelling. 

Febuxostat 
allergy- rash 
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HLAP37 0.35 TTA (B*56), 
TTTA (SS) 

 

B*56 B*56, 
B*58:73 

  

Generalized 
rash 

HLAP51 0.3 TCA (SS),  
 GGGA 

(B*15:02) 

B*15, B*15:02 B*15, 
B*57:41, 
B*57:22 

 
 

Allopurinol- 
exfoliative 

dermatitis + 
febuxostat 

allergy 

HLAP52 0.15 AA (SS) 
GC (B*12:02:02) 

C*12 C*12 

  

Allergy to 
allopurinol- 

transaminitis- 
no rash seen. 

Another type of 
allergy? 
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HLAP56 -0.05 GGA(44:03:01),  
TCCA (SS) 

 

B*44:03:01, 
B*44 

B*44 

 
  

Generalized 
rash+ skin 
eruptions 

(raised and flat 
eruptions), 

macular 
popular rash 

HLAP64 -0.1 G (B*40), 
 TT (SS), 

AG (B*48) 

B*48, B*40 B*48, B*40 

 

Severe allergy 
to allopurinol- 
angioedema + 
eye swelling 
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8) Calculation of cost of HRM run for 1 sample in our laboratory 

 

1 HRM run= 15 unknown samples + 1 positive control 

Reagents used- Sensifast ready mix                              Patform- eco plate and seals needed 

Price for 5ml of sensifast readymix= RM954          Price for 50 eco plates and seals= RM 779.1 

 

1 sample needs 30ul of sensifast ready mix= RM 5.724 

 

1 HRM run (16 samples) sensifast readymix needed= RM91.58 

1 eco plate and seal =RM 15.58 

 

Therefore, reagents and eco plate and seals for 1 HRM run (16 samples)=RM107.17 

Thus 1 sample HRM run, all inclusive= RM 6.70 
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Appendix H- Next Generation Sequencing (NGS) 

1) NGS PCR with HLA-B allele 

Analysis of HLA-B PCR products by gel electrophoresis: 

Gel electrophoresis is carried out on a 0.7% agarose gel with SYBR Safe dye and run at 90V 

for 1hr. The gel image below shows an example of a gel run at UMBI with 5ul of the PCR 

product loaded into the well. The correct band at around 4000bp is shown, but is however 

faint, even after a full set of optimization has been done twice. This is attributed to gene’s 

characteristics, being highly polymorphic and of a length of 4kb plus. A slight change in any 

of the optimized conditions results in no results at all. 

 

Figure 5- Gel electrophoresis of HLA-B primers for NGS, showing the target around 4000bp when 

compared to the 1kb Ladder. 
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2) Sanger sequencing for the HLA-B primers product: 

Forward sequence: 

 

>1st_BASE_2710925_HLAB1_PF 

TCAAAAAAATCAGAAAACCCCGTGTGCAGGGGCCCCTGGGCGATGTGTGAGCCTCTGTGGTCACAGCT

CCCACTGGACAAGTTTCCGCTGAAGGGACAAGGACAATGGGGCAGTGAAGGTGACCCAACTGAGGACT

AACCACATAAAGCCCATGATGGACTCAACAACAACTGGGCACAGGCCCCGTCCACACTTGGCCCCCCA

CAGCCTTCTCCACACCCCACCTGCAACAGACTCAGCACAGCGAACATGCAGATTCTGGAAGGTTCTCA

GGTCTTTATTTGCTCTCTCACATTCCAGGAATTGACTTATTTAATTAATCCATCAACCTCTCATAGCA

AATATTTGAGAAAACAAATTTATATTCAGATTCTTATTTTCAGTAGGGAAGTAAGAAGTTGCAGCTCA

GTGCACATAAAGTTGAGACAGAGATGGAGACATCCAGCCCCACCTCTCTGGAACAAGAAAGATGACTG

GGGAGGAAACACAGGTCAGCATGGGAACAGGGGTCACAGTGGACACAAGGGTGGGCTGTCTCTCCACC

TCCTCACATTATGCTAACAGGAACGCAGACACATTCAGGTGCCTTTGCAGAAAGAGATGCCAGAGGCT

CTTGAAGTCACAAAGGGGAGGAGTGAAGAAATCCTGCATCTCAGTCCCTCACAAGACAGCTGTCTCAG

GCTACAGAAAACAACAGTCATGAACAAATTCTGGTTAGTCATGGTAAGTGATGACACTCTGAACAGCC

CATCACACACGCGAAACATCCCAATCAAAGAATCTCCATTACCCAGGCCTTTCCCCTCTGCCCCCTCC

CCGCCCCCCCGGCCAATTCAAAACCCCAAAAACCCAACTTTTTCAGCCTGTAGAAAAACACTTCAAAC

CCCTGGCAACGGTCCTTGGCTGGATTAAAACAAAAACCGGAACTGGGTCAAAACCCCCCAGGAAAACG

TGGAACAGGAGGAATTAAGGGGGGGGGGGAAACTCCCTCCCATACTCCTAACCTCCCAACATTTAACT

GCTAGCCTGGAAAAAAACTTCCCTCCCTTTTCCCCCCGGGGGGAAGAAAAATGTCCTGGGGAGGGGGA

CTGGTAAGGAAATTAGGTCCATGGAAAACTTAAAAGGAACCTCCCCTGGTCTTGGGACCCCAAAAGGG

AATTTTCCCAAAAAGATTGGACTTCCGAACCCTAGGGGAGTGGATCTGGGAAAACCTTAACGGAAAAG

CCATTGGTTGTGGGTCCTGGGAACAAAACAGGCACCCCCCTAAAGGGCCTGGGCCCTTTAATAAAGGA

GACCATTACCCCTCGGATTCCCGTGTAAACGCTCGTATAAATTATGGTGTCACCCTCTTTACTTCCTA

TAACTCCCTCTAAAGGGTGGTATATCACCCCTATTTCCCCTTTACTGTTTATCCACTGTATGGGTCTT

GTCTGCAATTTAATATAACTAATTGGGCT 

 

Reverse sequence: 

>1st_BASE_2713835_HLAB1_PR 

NNNNNNNNNNTTTNNNNTTGNATCTATCATTCAGGGATTACCAATATTGTGCTACCTACTGTATTAAC

AAACAAAAAGGAAACTGGTCTCTATGAGAATCTCTGTGTGGTGCCTTCAGACAAAACTTCGCCAGGTT

TANAGAGAAACCCCCTGTCTCTACACCTCCATTCNCANGGCGAGCTCNCTCTCTNNCATCAAGTTNTC

GTGNTCNGTTTCCCTACCANGATCCANNAGGAGAGGTANNGAGNGNAGGCAGGGAGTCCAGTTCAGGN

ACAGGNATTCCGGAGGAAAGTGANGGGAANGGGTGGNGCACNTGNNGTNCTCCCTGGTTCACAGACNA

TCNNNGTCAGGACTAGGCAANAGTNGACAANGGCGGTGGTGGAAGAAGAATCGAAAATCCNGGCCNNG

GAGGCTCTCTCGGCTCAGGCTTNAAGCCTTGTCTGGTTGGGGAGGCGCACCGTTGGGGATTTCCCCTC

TCCCCAGATTCACTTCTTCTCTCAACCTATGTCGGGTCCTTCTTCCCGATACTCTCGACACGTCCCCA

TTTTCACTCCCATTGGGTGTCNGATATCTANAGAAANNATCAGTGTCGCCGGGGTTCACTTCTCTAGT

CCCCACGCACCCCCCGGACTCTCAACTCCTCTCACACCNGATGCGCTGGACATGGCCCGAANCGTCCT

CCTGCTGCTCTGGGGGGGACTGGGCTGAANAGANNTGTGCCGGTGAGTGCGCGGTCGGGAGGGAATGG

CCTCTGTGGGGAGGAGCGAGGGGACCGCAGGCGGGGGCGCAGGACCTGAGGAGCCGCGCCGGGAGGAG

GGTCNGG 

The sequence was inputted in NCBI BLAST and the majority generated the presence of the 

HLA-B gene. However, as shown by the sanger sequencing raw data, the full 4000bp wasn’t 

sequenced properly due to high polymorphism and presence of secondary and tertiary 

structures which makes the sequence difficult to decipher by Sanger. This is a validated 

primer, used for NGS runs in several studies, hence showing its accuracy and specificity.  
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3) NCBI BLAST Results table: 
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4) Pre-processing data for all 6 NGS samples  

SAMP
LE 

CODE 

PRE-PROCESSING 

Percentage mapped 
to the Human 
Genome (%) 

With adaptors Without adaptors  

Percentage left 
after trimming 

(%) 

Total 
sequence 

length (bp) 

Average 
FAST Q 
Score 

Total 
sequence 

length (bp) 

FAST 
Q 

Score 

PC580
1 8334 38-40 7411 38-40 88.92488601 94.45 

HLAG
12 10196 38-40 8913 38-40 87.41663397 92.93 

HLAG
19 9305 38-40 7848 38-40 84.34175175 87.55 

HLAG
26 10982 38-40 9251 38-40 84.23784374 91.98 

HLAG
28 10435 38-40 7780 38-40 74.55678007 96.36 

HLAG
29 10105 38-40 8294 38-40 82.07817912 83.43 

 


